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PREFACE   TO    PART    I. 


I  HAVE  first  of  all,  at  Professor  Ziegler's  request,  to  say  something 
with  regard  to  the  German  original  of  the  text-book  now  offered  to 
English  students.  His  first  design  was  to  bring  out  a  new  and  re- 
vised edition  of  Foerster's  well-known  manual  of  Pathological  Anat- 
omy. But  as  the  revision  went  on,  it  became  clear  that  the  present 
state  of  our  knowledge  of  Pathology  could  not  be  fitly  represented 
without  recasting  and  almost  rewriting  the  whole  work.  It  was, 
therefore,  thought  better  that  he  should  undertake  an  entirely  new 
text-book,  in  which  the  subject  should  throughout  be  treated  from  a 
modern  point  of  view.  The  great  success  of  the  first  edition  in  Ger- 
many would  seem  to  show  that  such  a  book  was  needed,  and  that  the 
author's  manner  of  treating  the  subject  was  approved  by  teachers  of 
Pathology. 

Professor  Ziegler  explains  that  a  great  part  of  his  text  is  based 
upon  observations  made  or  verified  b}^  himself.  Where  he  has 
drawn  upon  other  sources  he  has  carefully  cited  the  needful  author- 
ities. "  I  am  not  blind  to  the  fact,"  he  adds,  "  that  my  statements 
and  criticisms  may  bear  too  strongly  the  mark  of  my  own  personal 
views,  and  that  these  views  may  not  be  readily  accepted  by  all  patho- 
logists. But  I  have,  nevertheless,  held  it  wiser  not  to  introduce  much 
matter  of  controversy  into  the  text  of  a  treatise  intended  mainly  for 
students.  Experience  leads  me  to  believe  that  the  learner  gains  a 
readier  and  surer  grasp  of  his  subject  when  it  is  first  presented  to  him 
as  a  uniform  and  coherent  system  of  doctrine,  even  though  the 
teacher's  statement  of  it  should  border  on  the  dogmatic.  Once  this 
grasp  is  gained  it  is  easy  for  the  more  advanced  student  to  master  and 
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to  appreciate  other  theories  and  doctrines.  I  have  given  in  brackets 
full  references  to  the  literature  of  each  subject  discussed,  and  I  have 
added  such  indications  of  its  bearing  as  may  prove  useful  to  those 
who  are  engaged  in  pathological  research." 

The  present  English  version  was  begun  a  year  ago,  on  the  basis  of 
the  first  German  edition.  At  that  time  there  seemed  to  be  no  near 
prospect  of  a  second  German  edition.  In  the  first  I  found  a  consid- 
erable number  of  details  which  needed  amendment  or  amplification  in 
order  to  fit  the  book  for  the  use  of  English  students.  The  author 
very  generously  admitted  my  criticisms,  and  gave  me  full  leave  to 
make  such  changes  as  I  might  "think  useful.  The  work  was  well 
advanced,  when  a  new  edition  of  the  first  part  was  called  for  in 
Germany,  and  presently  appeared.  It  embodied  most  of  the  improve- 
ments we  had  agreed  upon,  together  with  valuable  additions.  These 
I  have  now  made  full  use  of,  so  that  this  volume  corresponds  through- 
out to  the  second  German  edition.  The  matter  in  brackets  has  had 
my  special  care,  and  I  have  verified  a  very  large  number  of  the  refer- 
ences. The  original  contains  few  allusions  to  English  or  French 
memoirs ;  I  have  therefore  made  it  my  duty  to  add  full  notices  of 
such  as  throw  light  on  the  subjects  treated  in  the  text,  choosing  both 
original  contributions  and  papers  serving  as  a  clue  to  previous  work. 
This  feature,  and  the  careful  revision  of  the  main  text,  will,  I  trust, 
help  to  make  the  text-book  useful  to  English  workers  in  Pathology, 
even  though  they  may  be  familiar  with  German. 

The  first  part — on  General  Pathological  Anatomy — is  now  pub- 
lished. It  is  practically  complete  in  itself,  and  on  some  subjects,  such  as 
Malformations,  Inflammation,  Etiology  of  Tumors,  and  Bacteria,  it  gives 
a  fuller  account  of  modern  teachings  and  discoveries  than  has  yet  ap- 
peared in  any  English  manual.  The  second  part — On  Special  Patho- 
logical Anatomy^is  in  course  of  publication  in  Germany.  It  is  hoped 
that  the  English  version  of  this  part  may  be  ready  soon  after  the  Ger- 
man edition  is  completed. 

I  owe  more  than  I  can  well  express  to  the  kindness  of  Professor 
Klein  ;  he  has  read  through  the  proof-sheets  of  this  volume,  and  has 
sent  me  many  very  useful  suggestions  and  criticisms.  Without  his  en- 
couragement, and  that  of  Professor  Greenfield,  I  should  not  have  ven- 
tured to  undertake  the  work.  I  would  also  gratefully  acknowledge 
the  willing  help  I  have  received  from  my  friends  Professor  Cossar 
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Ewart,  Dr.  J.  F.  Payne,  and  Dr.  S.  II.  Yincs ;  and  from  one  whose 
loss  I  sliall  never  cease  to  feel — Frank  Maitland  Balfour. 

The  beautiful  drawing  of  tubercle-bacilli,  somewhat  inadequately 
represented  by  Fig.  80,  was  kindly  sent  me  by  Dr.  Heneage  Gibbes,  of 
King's  College,  London. 

In  the  nniltitude  of  references  given  I  can  hardly  hope  to  have  es- 
caped all  error.  Any  corrections  or  queries  which  may  reach  me  shall 
therefore  have  my  grateful  attention. 


DONALD  MACALISTER. 


St.  John's  College,  Cambridge,  Englaiid, 
December,  'i882<, 


PREFACE   TO    PART   II. 


The  very  rapid  sale  of  Professor  Ziegler's  text-book  in  Germany  has 
led  to  an  unforeseen  delay  in  the  completion  of  the  Second  Part.  Two 
editions  of  the  sections  already  published  having  been  exhausted,  the 
Professor  has  been  obliged  to  give  to  the  preparation  of  a  third  edition 
of  these  the  time  he  hoped  to  spend  in  completing  the  remaining  sec- 
tions. My  own  purpose  was  that  the  second  volume  of  this  English 
version  should  conclude  the  book,  but  in  view  of  the  requests  which 
reach  me  from  every  side  I  have  thought  it  better  to  bring  out  the  first 
eight  sections  as  an  instalment  than  to  put  ofE  the  publication  of  the 
whole  for  another  year.  The  third  and  concluding  volume  is  already 
in  hand,  and  will  be  of  about  the  same  size  as  the  present.  It  will 
contain  the  sections  on  the  Kidney,  the  Lungs,  and  the  ITervous  Sys- 
tem, together  with  general  indexes  to  the  whole  work. 

In  the  third  German  edition  the  arrangement  of  the  articles  has 
been  recast,  and  other  changes  of  form  have  been  made  but  in  order 
to  preserve  the  continuity  of  the  EngHsh  version  I  shall  follow 
throughout  the  plan  of  the  first  volume.  This  plan  has  been  generally 
approved,  and  it  appears  to  be  the  most  convenient  for  English  stu- 
dents. 

My  renewed  acknowledgments  are  due,  and  are  very  heartily  ren- 
dered, to  Professor  Klein  and  Professor  Greenfield,  who  have  read  and 
commented  on  each  sheet  as  it  passed  through  the  press.  Dr.  George 
Thin  has  in  like  manner  done  me  the  kindness  of  reading  the  chapters 
on  the  Skin.     Professor  Ziegler  has  given  me  his  ready  help  on  many 
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points,  and  has  enabled  me  to  utilize  his  additions  to  the  text  of  the 
later  sections.  Dr.  Sims  Woodhead  courteously  placed  at  my  disposal 
the  drawing  of  Actinomyces  from  which  Fig.  174  B  was  engraved. 

In  view  of  the  generous  aid  I  have  thus  received  I  am  encouraged 
to  hope  that  little  in  recent  Pathology  has  been  overlooked  which  is 
hkely  to  be  of  value  to  English  students. 


DONALD  MACALISTER 


St.  John's  College,  Cambridge, 
February  1884. 


PREFACE    TO    PART   II  r. 


When  the  second  volnme  of  this  work  appeared  in  1884  I  expressed 
the  hope  that  the  third  and  conckiding  volume  would  be  ready  in  the 
following  year.  Owing  in  part  to  my  increased  academical  duties,  and 
in  part  to  the  unexpected  demand  for  new  editions  of  the  volumes 
already  published,  I  have  been  unable  until  now  to  find  time  for  the 
fulfilment  of  my  task.  To  the  many  readers  in  all  parts  of  the  world 
who  have  sent  me  friendly  enquiries  on  the  subject,  I  must  here 
express  my  regret  at  the  unforeseen  delay.  In  some  respects  at  least 
the  work  has  not  suffered  thereby,  for  I  have  been  enabled  to  profit  in 
some  measure  by  the  valuable  improvements  which  Professor  Ziegler 
has  made  in  the  fourth  German  edition,  and  to  bring  up  to  date  the 
references  to  some  of  the  rapidly  advancing  parts  of  the  subject.  The 
indexes  of  authors  and  of  subjects  appended  to  the  volume  have  been 
made  with  much  care,  and  refer  to  the  entire  work. 

It  should  be  stated  that  the  author,  in  order  to  give  completeness 
to  the  text-book  for  German  students,  has  with  the  help  of  his  col- 
leagues Dr.  Haab  and  Dr.  Wagenhauser  prepared  an  additional  volume 
on  the  pathological  anatomy  of  the  Eye,  Ear,  Bones,  Muscles,  and 
Genital  Organs — on  what  in  fact  is  generally  described  as  surgical 
pathology.  After  consultation  with  several  teachers  of  experience  I 
have  decided  to  adhere  to  the  plan  indicated  in  the  second  volume,  and 
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to  leave  these  additional  sections  alone,  at  least  for  the  present.     They 

are  not  wholly  Professor  Ziegler's,  and  their  subject-matter  is  perhaps 

more  likely  to  be  studied  profitably  in  special  text-books. 

To  the  acknowledgments  already  made  I  have  to  add  my  sincere 

thanks  to  Dr.  James  Koss,  who   has   read   for  me  the  pages  on  the 

Nervous  System.     His  general  approval  of  them  gives  me  reason  to 

hope  that  in  this  difficult  part  of  the  work  I  have  not  fallen  into  any 

serious  error. 

DOXALD  MACALISTER. 

St.  John's  College,  Cambridge, 
October  1886. 
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PATHOLOGICAL    ANATOMY. 


INTRODUCTION. 


liife  is  known  to  us  only  in  the  concrete.  It  is  indissolubly  bound 
to  a  material  substance.  This  substance,  the  basis  of  all  the  vital  pro- 
cesses, is  fashioned  out  of  cells  and  their  derivatives.  All  living  organ- 
isms are  made  up  of  cells  and  cell-derivatives.  The  cell  by  itself  appears 
originally  as  a  microscopic  mass  of  pale  slimy  finely  granular  matter,  the 
so-called  protoplasm.  It  usually  contains  within  it  a  nucleus,  that  is 
to  say  a  structure  like  a  tiny  vesicle,  whose  form  may  be  round,  oval, 
rod-like,  or  irregular,  and  in  whose  interior  we  can  make  out  by  proper 
handling,  1,  small  definite  bodies,  the  nucleus  corpuscles,  2,  a  net- like 
framework  of  nucleus  substance,  and  3,  a  clear  fluid,  the  nucleus 
juice.  The  young  cell  is  at  first  naked.  Only  in  its  maturer  stages 
does  it  develop  on  its  surface  an  optically  distinct  membrane  or  other 
structure  according  to  the  special  tissue  of  which  it  forms  a  part. 

The  vital  activity  of  the  cell  is  of  a  threefold  kind.  It  is  directed  in 
part  toward  its  self-preservation,  in  part  toward  its  propagation,  and  in 
part  toward  the  ordering  of  its  outward  relations.  Virchow  distinguishes 
these  severally  as  the  nutritive,  formative,  and  functional  activities. 
Many  of  the  functions  of  the  cell  (including  the  chemical  changes  which 
always  accompany  them)  cannot  be  directly  observed  and  are  only  to  be 
made  out  by  their  effects.  Others  again,  like  motion,  growth,  and  multi- 
plication, can  be  observed  in  proper  specimens  under  the  microscope. 

Every  cell,  whether  it  be  isolated  or  joined  with  others,  is  influenced 
by  the  nature  of  its  environment.  This  may  work  either  to  further  or  to 
hinder  some  or  all  of  the  functions  of  the  cell.  To  a  certain  extent  in- 
deed the  cell  may  exist  unaffected  by  this  influence  in  virtue  of  its  own 
inherent  properties,  but  the  range  of  this  independence  is  very  limited. 
Let  the  external  conditions  deviate  from  the  normal  by  more  than  a  cer- 
tain small  amount  and  disturbances  of  the  cell-functions  at  once  show 
themselves.  These  disturbances  may  amount  to  the  complete  arrest  of 
all  signs  of  cell-life,  or  even  to  the  utter  destruction  of  the  cell  as  such. 
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An  Amoeba  observed  in  a  suitable  liquid  under  the  microscope  mani- 
fests its  vital  activity  by  altering  its  form.  It  sends  out  fine  prolonga- 
tions from  its  pale  finely  granular  body-protoplasm.  It  fixes  one  or  other 
of  these  to  some  object  in  its  neighborhood.  Then  its  main  mass  flows 
toward  them  and  blends  with  them  again.  If  there  be  any  fine  particles 
suspended  in  the  liquid  and  these  happen  to  come  within  reach  of  the 
amoeba  as  it  moves  forward,  the  animal  flows  round  about  them  as  it 
were,  and  so  takes  them  up  into  its  substance. 

Let  us  now  change  the  external  conditions  by  raising  thf  temperature 
a  few  degrees.  The  result  is  that  the  movements,  hitherta  f)erhaps  slow 
and  languid,  at  once  become  more  lively — the  vital  activity  of  the  cell  is 
increased.  Raise  the  temperature  higher  still — the  movements  gradually 
cease.  At  a  certain  degree  of  warmth  the  cell  becomes  quite  stiff  and 
still,  and  only  when  the  temperature  is  allowed  to  sink  to  its  former  level 
do  the  original  movements  gradually  reappear. 

By  cooling  down  the  liquid  we  bring  about  a  like  result.  The  cell 
gradually  ceases  to  move  and  becomes  a  mere  inert  globule.  When  the 
temperature  is  again  raised  it  regains  its  power  of  movement. 

Now  add  to  the  liquid  a  concentrated  solution  of  common  salt — the 
cell  becomes  turbid  and  shrivels  up,  its  outline  becoming  irregular.  Or 
pass  a  constant  galvanic  current  through  the  liquid — the  cell  takes  on  a 
spherical  form,  becomes  inflated,  loses  its  fine  granulation,  becomes  a 
mere  vesicle  with  clear  contents,  and  finally  bursts. 

These  experiments  show  in  clear  and  simple  fashion  how  in  conse- 
quence of  changes  in  the  external  conditions  the  manifestations  of  life  in 
the  cell  also  change.  The  change  may  take  the  form  of  temporary  in- 
crease, or  of  temporary  diminution  and  arrest,  or  of  permanent  cessation. 
When  the  cell  bursts  we  cannot  pretend  to  doubt  that  it  has  ceased  to 
exist  as  a  cell  ;  it  is  in  fact  dead.  Even  the  shrunken  salted  cell,  though 
its  structure  may  be  less  affected,  must  still  be  regarded  as  dead,  for  in  no 
way  can  we  succeed  in  again  obtaining  from  it  any  manifestation  of  life. 

Permanent  cessation  of  all  the  functions  of  the  cell  is  what  we  mean 
when  we  speak  of  its  death  •  even  though  at  first  sight  the  anatomical 
structure  of  the  cell  is  not  destroyed. 

But  in  the  first  experiments  the  case  is  very  different.  When  the 
temperature  is  raised  or  lowered  in  a  moderate  degree,  only  one  of  the 
cell-functions  is  suspended,  the  function  of  movement.  The  nutritive 
activity  persists  ;  hence  it  is  that  on  readjustment  of  the  temperature 
the  motor  activity  is  re-established.  This  cannot  be  spoken  of  as  death.. 
A  condition  in  which  there  is  not  cessation  of  all  the  functions  but  only 
a  partial  suspension,  diminution,  increase,  or  alteration  of  any  kind  in 
some  of  them  we  distinguish  as  a  morbid  or  diseased  condition.  The  no- 
tion of  disease  is  thus  at  the  outset  a  physiological  notion.  We  infer 
it  primarily  from  the  appearance  of  some  abnormality  among  the  accus- 
tomed manifestations  of  life.  Disease  is  not  an  entity,  capable  of  per- 
sonification, of  being  placed  in  antithesis  to  health.     The  term  health,. 
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merely  denotes  that  the  vital  functions  are  being-  performed  in  a  manner 
which  experience  has  taught  us  to  regard  as  normal.  So  by  disease  we 
merely  imply  a  phase  of  life  whose  manifestations  deviate  in  some  way 
from  the  normal  type. 

Restoration  of  the  functions  to  the  normal  type  is  recovery  j  cessa- 
tion of  all  function  is  death. 

The  causes  of  the  diminution  and  extinction  of  a  cell's  vital  activity 
may  be  internal  as  well  as  external.  No  cell  is  endowed  with  the  power 
of  living  on  indefinitely.  Certain  cells  or  rather  unicellular  organisms,  it 
is  true,  have  the  power  of  producing  a  long  line  of  descendants  merely 
by  continual  subdivision  of  their  own  substance,  and  in  this  way  their 
vital  activity  appears  to  persist  for  an  indefinite  time.  But  life  protracted 
after  this  fashion  has  also  its  limits.  In  the  first  place,  it  is  unlikely  that 
"all  the  cells  derived  by  subdivision  from  the  mother-cell  should  receive  at 
their  birth  exactly  the  same  share  of  vital  energy.  Granting  then  that 
in  the  process  of  derivation  an  unequal  transmission  of  the  vital  proper- 
ties of  the  mother-cell  to  the  daughter-cells  is  possible,  we  must  also 
admit  that  the  less  favored  descendants  must  sooner  or  later  fail  in  their 
power  to  overcome  the  normal  agencies  antagonistic  to  cell-life.  But 
even  if  this  be  denied,  the  life  of  the  cell  becomes  at  once  finite  so  soon 
as  we  pass  from  the  simplest  unicellular  organisms  to  higher  multicellular 
forms.  When  division  of  labor  is  set  up  within  the  organism,  and  the 
production  of  new  individuals  is  no  longer  a  function  shared  in  by  all  the 
parts  of  it,  then  it  follows  of  necessity  that  some  of  the  parts,  some  of 
the  constituent  cells,  must  be  destined  to  perish. 

How  long  a  cell  can  live  cannot  in  general  be  exactly  determined. 
It  depends  on  the  properties  transmitted  to  it  from  the  mother-cell.  We 
may  say  broadly  that  a  cell's  life  is  shorter  in  proportion  as  it  stands 
higher  in  the  scale  of  development,  and  as  its  properties  are  more  spe- 
cialized. Thus  for  example  the  ganglion-cells  and  gland-cells  of  one  of 
the  higher  animals  are  always  short-lived,  and  often  fail  to  produce  any 
progeny  at  all.  "On  the  other  hand  the  number  of  cell-descendants  of  a 
vertebrate  ovum,  or  of  an  amoeba,  is  indefinitely  large. 

The  death  of  a  cell  depending  thus  on  internal  causes  is  a  physiolog- 
ical death.  The  gradual  extinction  of  function  which  ushers  it  in  does 
not  fall  within  the  category  of  disease  :  it  is  a  phenomenom  of  age  in  the 
cell,  a  senile  change,  a  senile  retrogression. 

Unlike  this  senile  extinction  of  the  vital  processes  a  true  disease  is 
not  a  consequence  of  the  indwelling  and  inherited  properties  of  the  cell. 
The  efficient  causes  of  a  disease  are  always  external.  In  the  observations 
we  made  on  the  amoeba  it  was  heat  or  cold,  an  altered  surrounding  me- 
dium, or  the  galvanic  current,  which  brought  about  disease  and  death. 
All  these  noxious  influences  are  derived  from  without.  And  what  we 
have  here  remarked  in  a  single  instance  experience  shows  us  to  be  uni- 
versal. Autonomous  as  the  cell  may  seem,  it  is  yet  unable,  without 
external  impulsion,  to   heighten   its    functions    above    the   physiological 
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standard,  or  on  the  other  hand  to  check  or  to  suppress  them.  We  can 
therefore  give  a  still  more  exact  definition  of  the  notion  of  disease.  By 
the  term  disease  we  are  to  understand  a  deviation  of  some  of  the 
vital  manifestations  from,  the  normal,  the  deviation  being  con- 
ditioned by  external  influences. 

But  in  considering  disease  as  thus  defined  we  must  not  limit  our 
attention  to  the  case  of  a  single  individual,  or  we  shall  find  our  dictum 
contradicted  by  everyday  experience.  If  we  could  observe  under  the 
microscope  the  successive  generations  of  a  unicellular  organism,  and  fol- 
low with  certainty  the  life-history  of  each,  we  should  come  upon  indi- 
viduals whose  functions  were  abnormally  performed,  and  that  although  it 
might  be  impossible  to  detect  any  injurious  external  influence  at  work. 
We  should  then  have  to  confess  that  the  abnormal  behavior  was  here,  as 
in  senile  retrogression,  conditioned  by  intrinsic  properties.  This  would 
in  fact  be  true,  yet  it  would  not  contradict  the  above  proposition — that 
disease  can  only  arise  through  changes  in  the  external  conditions.  If  we 
had  had  before  us  a  complete  series  of  the  cell's  ancestors,  and  had  noted 
all  the  phases  of  their  lives,  we  should  have  found  that  the  morbid  phe- 
nomena of  the  last  cell,  though  not  immediately  traceable  to  external 
influences,  had  yet  already  appeared  in  some  of  the  foregoing  generations. 
And  there  we  should  have  found  that  external  conditions  existed  which 
exercised  a  disturbing  influence  on  the  cell's  life. 

The  morbid  condition  of  the  last  cell  then  had  not  its  origin  in  the 
cell's  own  lifetime.  It  was  acquired  from  the  mother-cell  along  with 
existence  itself — the  cell  inherited  it.  We  must  thus  distinguish  inher- 
ited from  acquired  diseases. 

What  we  have  hitherto  said  of  morbid  life  and  death  applies  primarily 
to  the  individual  cell.  But  the  organism  with  which  the  physician  and 
the  surgeon  have  to  deal  is  not  unicellular.  The  human  body  is  built  up 
of  millions  of  cells,  and  these  cells  differ  one  from  the  other  in  their  mor- 
phological as  well  as  in  their  physiological  properties.  Among  unicellular 
organisms  each  single  cell  must  exercise  all  the  functions  of  life  ;  but  in 
many-celled  organisms  the  principle  of  the  division  of  labor  is  carried  to 
a  high  degree  of  completeness.  Different  cell-groups  have  built  up 
organs  differing  utterly  in  form  and  substance  ;  even  the  component  cells 
of  the  same  organ  are  not  all  of  the  same  nature.  Notwithstanding  this, 
we  have  no  reason  to  suppose  that  what  is  true  of  the  single  cell  is  not 
also  true  of  the  various  cell-groups. 

The  life  of  the  entire  organism  as  well  as  of  the  several  organs  is 
bound  to  the  component  cells  ;  it  is  the  activities  of  the  latter  which  we 
perceive  and  accept  as  the  manifestation  of  life.  As  disease  of  the  uni- 
cellular organism  is  but  abnormal  action  of  the  single  cell,  so  human  dis- 
ease is  but  abnormal  action  of  a  multiplicity  of  cells. 

Naturally  the  question  becomes  now  much  more  complex.  With  the 
multiplication  of  the  cellular  elements,  with  their  differentiation  into 
diverse  organs,  arises  the  possibility  of  local  disease.     Nay,  it  is  all  but 
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inconceivable  that,  when  the  complex  human  organism  is  invaded  by  dis- 
ease, each  and  every  cell  should  thereupon  simultaneously  err  from  its 
normal  function.  As  a  fact,  experience  shows  that  every  disease  has  its 
local  seat  or  seats  ;  in  other  words  it  is  not  the  entire  organism  which  is 
diseased,  but  only  some  of  its  organs,  or  only  individual  cell-groups  form- 
ing parts  of  organs.  We  speak  therefore  of  organic  and  of  local  dis- 
eases. Which  cell-groups  become  affected  in  any  special  case  depends 
upon  two  factors  :  on  the  one  side  upon  the  external  causes  in  operation, 
on  the  other  upon  the  physiological  nature  of  the  tissue  affected.  A 
given  injury  does  not  affect  every  cell  in  the  same  degree.  The  vital 
properties  of  the  cells  of  multicellular  organisms  are  highly  diverse,  and 
so  also  is  their  power  of  resisting  diverse  influences.  An  injury  that 
does  not  affect  in  the  slightest  the  functions  of  one  cell-group  or  organ 
may  produce  grave  disturbances  in  those  of  another  ;  a  different  injury 
may  paralyze  the  tissues  in  one  region,  and  in  another  stimulate  them  to 
increased  activity.  This  difference  in  behavior  can  depend  only  upon 
causes  inherent  in  the  cell  and  arising  from  its  specific  properties.  It  is 
the  evidence  of  a  specific  predisposition  of  individual  tissues  to  specific 
disorders. 

On  the  other  hand  the  influences  which  can  injuriously  affect  the  or- 
ganism as  such  are  innumerable,  and  the  manner  as  well  as  the  seat  of 
their  operation  exceedingly  various. 

If  then  we  duly  regard  the  great  variety  of  the  causes  of  disease  on 
the  one  hand,  and  on  the  other  the  equally  great  diversity  of  structure 
and  therefore  of  predisposition  among  the  tissues,  we  shall  not  be  likely 
to  underestimate  the  difiiculty  that  in  most  cases  meets  us  when  we  try 
to  determine  the  nature  and  the  origin  of  a  disease  in  man. 

Here  also  it  is  true  that  the  ultimate  cause  of  disease  is  external  ;  but 
the  place  and  time  and  manner  of  its  operation  are  far  harder  to  deter- 
mine than  in  the  case  of  unicellular  organisms.  Sometimes  it  may  be 
quite  impossible  to  fix  the  ultimate  determining  factor,  especially  when 
an  organ  is  attacked  only  in  some  of  its  elements  and  its  functions  are 
thus  but  slightly  or  imperceptibly  affected. 

There  is  still  another  fact  to  be  considered — the  propagation  of  dis- 
ease from  one  organ  to  another.  It  often  happens  that  an  injurious 
agency  which  at  first  produces  a  morbid  disturbance  in  one  organ  only, 
in  its  further  progress  invades  another.  This  is  brought  about  either  by 
direct  transition  from  one  organ  to  its  neighbor,  or  by  actual  transport 
of  morbific  matter  through  the  blood-vessels  and  lymphatics  to  remoter 
regions.  For  example,  a  poison  introduced  into  the  intestine  may  be 
able  to  produce  local  disorder  there;  but  if  it  be  absorbed  into  the  blood 
and  so  be  carried  to  the  various  organs,  it  may  further  have  the  power  of 
exciting  grave  functional  disturbance  in  the  brain  ;  a  different  poison 
may  leave  the  brain  alone  and  influence  the  kidneys,  and  so  on. 

But  this  propagation  of  disturbance  may  take  place  in  another  way. 
Defective  performance  of  its  function  by  one  organ  is  not  always  without 
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influence  upon  other  organs.  A  morbid  condition  of  one  very  often  in- 
volves the  like  in  another.  Thus  disease  of  the  liver  and  bile-ducts  may 
throw  back  the  secreted  bile  into  the  blood,  and  this  impure  blood  will 
tend  to  inhibit  the  action  of  the  heart.  Again  disease  of  certain  n-an- 
glion-cells  in  the  spinal  cord  is  followed  inevitably  by  the  atrophy  of  cer- 
tain muscles.  Failing  action  of  the  kidneys  may  bring  on  the  o-enera,! 
affection  called  uriemia.  Imperfect  action  of  the  lungs  may  brino-  on 
serious  changes  in  the  action  of  the  heart. 

Next  to  external  influences  heredity  plays  an  important  part  in  the 
genesis  of  disease.  Unfortunately  its  influence  is  not  easy  to  estimate; 
and  it  is  often  difficult,  often  impossiblej  to  distinguish  the  inherited 
frohi  the  acquired. 

The  human  organism  takes  its  rise  in  the  maternal  propagation -cell, 
the  egg  ;  and  its  development  dates  from  the  instant  when  in  the  act  of 
impregnation  the  egg  receives  a  specific  stimulus  from  the  paternal  sper- 
matozoa. The  impulse  thereby  communicated  manifests  itself  by  cell- 
division  and  proliferation.  According  to  the  laws  of  heredity,  the  prop- 
erties of  the  paternal  and  maternal  organisms  are  transmitted  to  the 
child  that  is  to  be;  and  it  is  hence  probable  d  priori  that  morbid  condi- 
tions of  the  parents  may  be  likewise  transmissible  to  the  child.  This  as 
a  matter  of  fact  is  the  case.  The  transmission  shows  itself  in  two  ways. 
In  the  first  place  there  are  actual  diseases,  such  as  syphilis,  which  are  be- 
queathed by  the  parent  to  the  child.  They  are  such  that  even  in  the 
womb  or  shortly  after  birth,  or  later  still  in  life,  they  make  their  appear- 
ance in  like  fashion  with  the  parental  disease  and  without  the  intercur- 
rence  of  fresh  injury  from  without.  Such  are  inherited  diseases  in  the 
narrower  sense  of  the  term.  They  originate  in  a  diseased  condition  of 
the  ovum  or  spermatozoon  which  is  transmitted  to  their  cell-progeny,  or 
in  a  direct  transference  of  some  morbific  agent  from  the  tissues  of  the 
father  or  mother  into  those  of  the  newly  generated  organism.  In  the 
higher  groups  of  animals  the  latter  mode  of  transmission  is  the  most  likely 
one,  and  it  has  been  actually  demonstrated  in  certain  special  cases. 
They  are  not  common. 

More  common  than  inheritance  of  a  definite  disease  is  inheritance  of 
a  morbid  predisposition.  By  this  is  to  be  understood  a  certain  debility 
of  an  organ  or  a  tissue,  not  easy  to  define  more  exactly.  This  debility 
has  arisen  in  the  parents  in  consequence  of  some  primary  or  inherited 
disease  in  them.  In  such  cases  an  external  cause  is  required  to  bring 
about  the  development  of  actual  disease,  and  it  is  by  no  means  necessary 
that  the  disease  when  it  appears  should  be  of  exactly  the  parental  type. 

Inherited  predisposition  is  oftenest  observed  in  connection  with  ner- 
vous disease,  and  just  in  this  region  is  best  exemplified  the  fact  that  the 
type  of  disorder  need  not  be  the  same  in  the  child  as  in  the  parent.  It 
is  probable  that  the  external  or  determining  causes  have  an  influence  in 
this  modification  of  type. 

Distinct  from  inherited  disorders  are  those  which  the  foetus  acquires 
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within  the  maternal  organism  after  conception.  It  is  true  that  the  foetus 
is  protected  by  the  sheltering  womb  against  manifold  injuries  to  which 
in  later  life  it  becomes  exposed.  But  it  must  not  be  forgotten  that  in 
this  season  of  development,  and  especially  in  its  earlier  stages,  its  consti- 
tution is  far  frailer  than  in  the  mature  condition.  Nor  must  we  leave 
out  of  account  that  its  intimate  relations  with  the  maternal  organism  are 
in  themselves  a  source  of  danger.  Local  changes  in  the  uterus  or  in  the 
foetal  membranes,  and  disorders  of  the  mother  generally,  must  obviously 
have  an  influence  on  the  development  and  life  of  the  foetus.  Experience 
proves  indeed  that  the  child  in  utero  is  subject  to  many  and  various  dis- 
eases, and  often  enough  perishes  unborn.  Certain  diseases  of  the  mother, 
such  as  small-pox,  are  directly  transmissible  to  the  foetus.  Others  inevi- 
tably involve  its  death. 

As.  above  said,  local  changes  in  the  uterus  and  in  the  foetal  mem- 
branes may  also  produce  disturbances  in  the  growing  organism.  To  the 
investigator  these  do  not  show  themselves  primarily  as  disturbances  of 
function  ;  in  the  most  favorable  case  he  may  perhaps  be  able  to  distin- 
guish an  abnormality  in  the  movement  of  the  heart  or  the  action  of  a 
muscle.  All  that  he  finds  on  examination  is  the  anatomical  effect  of  the 
disturbance. 

The  foetus  is  an  organism  whose  function  is  to  grow.  If  any  one 
part  of  the  developing  organism  meet  with  an  injury,  or  if  by  any  means 
a  local  disorder  anywhere  arise,  the  consequence  is  a  local  disturbance  of 
the  process  of  growth.  If  in  other  respects  the  foetus  develops  normally 
and  ultimately  comes  to  be  born,  we  shall  find  a  corresponding  abnormal- 
ity in  the  conformation  of  the  affected  part.  This  may  consist  either  in 
a  defect,  an  overgrowth,  an  imperfect  closure,  or  a  misformation. 

When  the  form  or  structure  of  a  member  deviates  in  this  way  from 
the  normal,  we  describe  it  as  a  congenital  malformation.  It  is  the 
effect  of  a  morbid  process  in  the  period  of  intra-uterine  development,  an  ^ 
may  concern  the  whole  or  a  part  of  the  organism  or  of  any  one  of  its  or- 
gans. Inasmuch  as  it  is  the  effect  of  intra-uterine  disturbance  it  is  to  be 
distinguished  from  acquired  defect,  mutilation,  malformation,  or  over- 
growth. The  latter  conditions  arise  in  virtue  of  injuries  sustained  by- 
the  organism  after  it  has  become  independent  of  the  mother. 

The  question  now  arises.  What  are  the  special  questions  which  fall  to 
the  lot  of  Pathological  Anatomy  in  the  investigation  of  morbid  pro- 
cesses ?  Disease  is  nothing  but  a  phase  of  life,  in  which  one  or  more  of 
the  physiological  processes  is  running  an  abnormal  course.  Is  it  then 
possible  that  the  problems  of  life  in  disease  can  hopefully  be  attacked  by 
anatomical  methods  ?  The  observations  that  can  be  made  during  life 
upon  diseased  tissues — such  as  the  skin,  the  epithelia,  the  eye — show  that 
these  methods  are  practicable  ;  and  the  experience  gained  at  the  post- 
mortem table,  from  the  microscope,  or  through  actual  experiment,  con- 
firms after  death  the  conclusions  drawn  from  the  living  subject.  All 
these  show  that  anatomical  tissue-chanofes  lie  at  the  bottom  of  the  morbid 


8  A    TEXT-BOOK    OF    PATHOLOGICAL    ANATOMY. 

phenomena  observed  during  life  ;  and  that  these  tissue-changes  are  for 
the  most  part  still  recognizable  after  death.  In  other  words  they  supply 
the  justification  for  our  previous  postulate — that  the  diseases  of  man 
have  always  a  local  seat  in  some  definite  cell-group.  Thus  the  primary 
and  peculiar  function  of  Pathological  Anatomy  is — to  investigate,  with 
all  possible  exactness  and  detail,  the  tissue-changes  which  are  involved 
in  the  various  forms  of  disease. 

The  information  gathered  in  this  field  is  already  plenteous  and  im- 
portant. Formerly  diseases  were  of  necessity  classified  symptomatologi- 
cally;  their  names  connoted  certain  groups  of  outward  symptoms.  Now, 
thanks  to  pathological  anatomy,  we  are  able  to  arrange  them  according 
to  anatomical  characteristics.  We  find  this  classification  justified  in 
practice  by  the  constant  recurrence  of  well-marked  and  specifically  dis- 
tinct anatomical  changes  in  diseases  whose  whole  course  and  character 
prove  them  to  be  in  fact  specifically  distinct. 

It  cannot  be  gainsaid  that  as  yet  Pathological  Anatomy  has  not  suc- 
ceeded in  supplanting  the  clinical  or  symptomatic  order  of  ideas.  It  is 
not  yet  possible  in  all  cases  to  connect  the  morbid  action  of  this  or  that 
organ  with  definite  anatomical  changes.  We  still  must  use  the  terms 
"  epilepsy,"  "  diabetes,"  to  distinguish  certain  disorders  ;  but  that  only 
implies  that  we  are  not  yet  able  to  replace  the  clinical  conception  by  an 
anatomical  one.  It  by  no  means  implies  that  the  several  diseases  are  not 
dependent  upon  local  changes  in  some  special  tissue  or  cell-group. 

From  the  fact  that  we  are  sometimes  unable  to  discover  the  seat  of 
an  affection  we  can  only  infer  one  of  two  things.  Either  the  difficulties 
in  the  way  of  discovery  are  so  great  that  we  can  only  in  certain  favor- 
able cases,  not  yet  met  with,  succeed  in  overcoming  them  ;  or,  that  the 
tissue-change  we  are  seeking  eludes  our  optical  appliances,  inasmuch  as 
it  is  not  a  change  of  gross  structure,  but  one  of  chemical  constitution 
and  metabolism.  This  latter  must  at  any  rate  be  true  of  a  vast  number 
jf  trifling  functional  disturbances,  whose  transitory  nature  and  slight  in- 
tensity almost  exclude  the  idea  of  a  recognizable  physical  alteration  of 
structure. 

The  various  morbid  tissue-changes  which  allow  us  in  some  measure  to 
infer  from  the  dead  body  the  functional  disorders  experienced  in  life  are 
either  macroscopic  or  microscopic.  A  skilled  eye  can  gather  a  great  deal 
by  mere  inspection  ;  and  in  this  way  a  large  number  of  diseases  can  be 
diagnosed  on  the  post-mortem  table.  Still  it  very  often  happens  that 
naked-eye  inspection  is  insufficient,  and  it  would  in  reality  be  much 
oftener  so,  if  in  previous  similar  cases  the  microscope  had  not  already 
yielded  us  necessary  information  touching  the  minuter  changes  and  the 
processes  they  involve. 

Morbid  changes  have  their  seat  in  the  cells,  and  in  their  derivatives 
the  intercellular  substances.  It  is  therefore  indispensable  to  a  right  un- 
derstanding of  these  changes  to  call  in  the  help  of  the  microscope,  and 
with  it  follow  out  the  cellular  and  intercellular  processes. 
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As  a  fact  the  microscope  has  in  countless  cases  thrown  an  utterly  un- 
expected light  upon  these  processes,  and  the  enormous  advance  of 
pathological  anatomy  in  the  last  quarter  of  a  century  or  so  has  been 
brought  about  simply  by  the  exact  attention  bestowed  upon  them. 
Virchow  it  was  ^ho  inaugurated  this  new  method  and  established  it  on  a 
firm  basis.  Microscopic  examination  of  cellular  and  intercellular  changes, 
in  connection  with  naked-eye  post-mortem  examination,  still  remains  the 
foundation  on  which  our  knowledge  of  disease  and  its  nature  must  be 
based. 

The  amoeba,  which  under  changed  conditions  of  life  becomes  languid 
and  finally  dies,  undergoes  before  the  last  event  certain  visible  changes. 
These  enable  the  observer  to  follow  the  process  of  dissolution  if  not  com- 
pletely at  least  through  all  its  more  important  stages.  It  is  plain  that  a 
simple  experiment  of  this  kind,  made  on  a  single  cell,  can  exhibit  but  a 
fraction  of  the  normal  and  pathological  processes  that  take  place  among 
the  cells,  cell-colonies,  and  cell-derivatives  of  complex  organisms.  The 
cellular  processes  which  underlie  the  various  diseases  are  extremely 
manifold  and  extremely  diverse.  He  who  tries  for  the  first  time  to 
penetrate  deeper  into  their  nature,  and  to  educe  the  significance  of  the 
changes  he  observes,  will  hardly  be  able  to  accomplish  at  once  his  designs 
and  desires.  He  must  first  become  familiar  with  the  essential  facts  of 
the  subject,  which  have  been  gathered  and  sifted  out  by  the  fundamental 
investigations  of  Virchow  and  the  labors  of  Foerster,  von  Reckling- 
hausen, Klebs,  Cohnheim,  Eberth,  Rindfleisch,  and  many  others. 

The  outcome  of  their  labors  is — that  pathological  processes  fall  into 
four  great  groups.  If  we  follow  the  morbid  processes  in  the  order  in  which 
they  attack  the  individual  organism  from  its  first  beginning  to  its  end,  we 
naturally  direct  our  attention  first  to  those  which  affect  its  development. 

The  human  being  originates  from  a  single  cell  by  a  process  of  con- 
tinued cell-division.  If  for  any  reason  a  cell-group  is  not  formed  which 
natnrally  should  be  formed,  the  member  or  organ  normally  developed 
from  this  group  will  be  lacking  in  the  mature  organism.  A  malformation 
is  the  consequence  ;  and  it  is  greater  or  less  according  to  the  number  of 
cells  undeveloped,  and  more  or  less  obvious  and  striking  according  to  the 
degree  in  which  the  symmetry  and  harmony  of  the  whole  is  disturbed. 
When  a  structure  is  thus  lacking  or  incomplete  it  is  described  as  a  Hypo- 
plasia or  Aplasia. 

The  second  kind  of  morbid  change  ends  also  in  defect  of  structure  ; 
not  however  through  interference  with  growth,  but  through  the  destruc- 
tion or  degeneration  of  parts  already  formed.  This  may  of  course  oc- 
cur in  the  embryonic  stage,  and  result  in  aplasia,  or  it  may  take  place 
at  a  later  stage  as  atrophy.  These  destructive  or  degenerative  processes 
are  not  always  alike  ;  they  may  be  rapid,  or  they  may  be  slow  and 
gradual  ;  they  may  sometimes  be  extensive  and  obvious,  sometimes 
strictly  local  and  not  at  once  perceptible.  Changes  of  this  kind  are  in- 
cluded under  the  term  Retrogression  or  Regression. 
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In  antithesis  to  these  stand  other  processes  distinguished  as  Progres- 
sion, OvergroTvth,  or  Hyperplasia.  As  the  names  indicate,  the 
characteristic  of  these  changes  is  an  abnormally  active  growth,  a  too 
abundant  cell-production.  When  they  occur  during  embryonic  life  we 
have  produced  the  so-called  Monstra  per  excessum  •  in  other  words  we 
have  structures  excessive  in  relative  size  or  duplicated.  When  they 
occur  at  a  later  stage,  in  the  growings  stationary,  or  declining  periods  of 
life,  they  result  in  overgrowth  of  the  organism  as  a  whole,  or  of  single 
organs  or  their  parts,  or  lastly  in  so-called  tumors.  We  may  describe 
such  changes  as  constructive  or  formative.  Constructive  and  retro- 
gressive disturbances  of  nutrition  are  not  to  be  regarded  as  wholly  with- 
out correlation.  On  the  contrary,  progressive  processes  not  infrequently 
succeed  to  retrogressive  ones,  the  object  here  being,  if  we  may  speak 
teleologically,  to  replace  parts  which  have  been  lost.  In  this  case  the 
process  is  described  as  Regeneration. 

A  fourth  type  of  morbid  tissue-change  is  that  known  as  IVEetaplasia. 
Metaplastic  processes  are  such  as  lead  to  the  transformation  of  one 
species  of  tissue  into  another.  Sometimes  they  are  retrogressive  in 
character,  sometimes  rather  constructive.  The  most  important  and  most 
striking  instances  of  this  form  of  tissue-change  are  afforded  by  the  cells. 
But  the  intercellular  substances  may  also,  and  not  infrequently,  undergo 
more  or  less  complete  metamorphoses.  Thus  although  we  chiefly  turn 
our  attention  to  the  cellular  processes  as  after  all  the  most  essential,  we 
must  not  altogether  leave  out  of  account  the  behavior  of  the  intercellular 
substances.  It  is  needful  to  note  this,  for  the  nature  and  condition  of 
these  substances  have  certainly  some  influence  on  the  life  of  the  cells 
themselves. 

In  each  of  these  processes,  retrogressive,  constructive,  and  meta- 
plastic, the  condition  of  the  circulatory  system  is  of  special  importance. 
The  regular  and  normal  fulfilment  of  the  function  of  circulation  is  essen- 
tial to'the  maintenance  of  a  tissue  in  its  normal  state.  *  Disturbances  of 
the  circulation  quickly  bring  about  disturbances  of  function  and  changes 
in  the  tissues.  Disturbances  of  the  circulation  play  a  distinct  and  highly 
important  part  in  the  process  known  as  Inflammation.  Unless  we  desire 
to  limit  this  term  to  a  single  stage  of  the  entire  process,  we  may  indeed 
say  that  the  characteristic  phenomena  of  Inflammation  are  those  connected 
with  the  circulatory  mechanism. 

Pathological  Anatomy  has  not  fulfilled  all  its  task  when  it  has  inves- 
tigated the  morphology  of  morbid  change  in  cells  and  tissues.  It  must 
go  on  to  determine  the  genesis,  and  the  causation  of  morbid  processes. 

If  we  would  obtain  a  satisfactory  insight  into  the  significance  of  the 
special  changes  that  come  before  us,  we  must  make  it  a  first  principle  to 
compare  these  changes  with  each  other,  and  with  the  known  facts  of 
physiology  bearing  on  tissue-formation  and  degeneration.  As  our  pres- 
ent ideas  of  the  origin  of  specific  forms  of  life  only  became  possible  after 
we  had  subjected  animals  to  comparative  examination  and  acquired  an 
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exact  knowledge  of  their  embryology,  so  also  must  we  study  disease 
comparatively  and  investigate  with  exactness  the  processes  of  histogene- 
sis, if  we  are  to  attain  a  satisfactory  understanding  of  morbid  phe- 
nomena. The  appropriate  objects  for  investigation  will  in  the  first 
instance  consist  of  the  morbidly  altered  tissues  taken  from  the  human 
subject  ;  but  there  will  remain  many  questions  for  whose  complete  an- 
swer we  must  needs  have  recourse  to  experiments  iipon  animals.  The  pro- 
found importance  of  these  we  may  gather  from  the  fact — that  our  knowl- 
edge of  such  diseases  as  can  be  artificially  produced  in  animals  is  far 
more  complete  and  thorough,  than  in  the  cases  where  the  artificial 
methods  have  as  yet  failed  us. 

A  knowledge  of  the  etiology  of  the  several  forms  of  disease  is  of 
the  very  highest  import.  It  is  beyond  dispute  that  a  perfect  understand- 
ing of  the  causes  of  disease  and  their  mode  of  action  is  the  end  and  goal 
of  all  research  in  morbid  anatomy  ;  and  it  is  the  clear  duty  of  patholo- 
gists to  devote  their  energies,  to  its  attainment.  If  we  could  but  define 
a  disease,  not  according  to  its  symptoms  or  its  morbid  anatomy,  but 
strictly  by  referring  it  to  its  causes,  we  should  gain  far  more  than  a  clear 
comprehension  of  the  affection  ;  we  should  have  done  much  to  settle  the 
therapeutic  treatment. 

It  has  long  been  known  that  certain  diseases  arise  in  consequence  of 
the  settlement  of  certain  plants  and  animals  in  the  human  organism. 
Only  of  late  years  have  we  learned  that  the  domain  of  these  parasitic  dis- 
orders, as  they  are  called,  is  of  wide  and  far-reaching  extent.  Formerly 
we  were  acquainted  with  such  vegetable  and  animal  parasites  only  as  are 
relatively  large  in  size  and  easy  to  detect;  in  the  last  twenty  years  our 
improved  optical  instruments  have  made  us  aware  of  a  great  number  of 
minute  and  hitherto  unperceived  species  of  parasitic  organisms.  The 
Schizomycetes,  or  JBacteria,  esjrecially  have  been  recognized  in  recent 
years  as  the  causes  of  certain  most  grave  diseases.  The  observations 
now  before  us  make  it  probable  that  the  "  bacterial  "  affections  are  very 
widely  diffused.  These  investigations  are  of  deep  interest,  and  have 
vastly  increased  our  store  of  facts  concerning  the  diseases  in  question. 
It  must  not,  however,  be  forgotten  that  the  study  of  parasitic  fungi  can 
only  make  real  and  well-grounded  additions  to  our  knowledge  of  the  as- 
sociated diseases,  can  only  in  any  measure  yield  us  a  true  theory  of  them, 
can  only  lead  us  to  a  full  understanding  of  the  entire  morbid  process, 
when  it  has  succeeded  in  making  out  the  manner  in  which  the  fungi  act, 
and  the  causal  relation  existina:  between  fungous  and  disease. 

Fungi  have  been  detected  in  a  large  number  of  diseases,  but  only  in 
a  few  cases  have  we  gained  an  insight  into  their  mode  of  affecting  the 
organism.  The  mere  presence  of  a  fungus  in  the  system  cannot  be  de- 
scribed as  disease.  Disease  only  begins  when,  owing  to  the  presence  of 
the  fungus,  changes  take  place  in  the  tissues  of  the  organism  which  in- 
duce disturbances  of  their  functions.  Here  then  a  wide  field  lies  open 
tc   research.     The   detection   of  funori  in  the  diseased  oro-anism   is  but 
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the  first  step  toward  discovery  of  the  cause  of  the  disease  and  its  mode 
of  operation.  It  is  a  long  way  from  this  first  step  to  the  full  and  com- 
plete explanation  of  the  entire  process.  This  hiatus  in  our  knowledge 
must  not  be  too  little  thought  of.  The  smallest  contribution  to  the  fill- 
ing up  of  the  gap  is  at  least  as  welcome  as  the  discovery  of  a  new  fun- 
gus— perhaps  even  more  welcome.  The  pathologist  must  keep  his 
attention  well-fixed  in  this  direction.  Even  though  it  may  lie  beyond 
his  present  powers  to  follow  the  processes  in  which  morphological  change 
is  no  longer  detectible,  and  molecular  transformation  recognizable  only 
by  the  chemist  takes  its  place,  there  nevertheless  remains  a  vast  region 
still  accessible  to  his  means  of  research.  In  dealing  with  fungi  we  have 
to  do  with  formed  elements,  with  cells  in  fact.  The  changes  they  pro- 
duce are  changes  in  cells  and  their  derivatives  ;  and  in  so  much  as  re- 
lates to  cellular  processes  and  changes  in  formed  protoplasm  we  have 
matter  within  the  scope  of  anatomical  investigation. 

The  path  along  which  etiological  research  has  to  proceed  is  twofold 
— examination  of  the  altered  human  organ  on  the  one  hand,  experiment 
on  the  other.  The  former  in  this  case  cannot  lead  us  to  much.  Experi- 
ment is  by  far  the  more  promising  way.  If  a  given  fungus  disease  can  be 
produced  in  animals,  it  becomes  at  once  possible  to  follow  its  spread  and 
operation  step  by  step  ;  we  are  limited  only  by  our  instruments  and 
modes  of  examination.  It  is  thus  in  our  power,  in  comparatively  short 
time,  to  acquire  information  which  not  even  centuries  of  post-mortem 
investigation  would  suffice  to  educe.  This  method  of  research  is  con- 
fessedly of  somewhat  limited  reach.  To  say  nothing  of  the  technical 
difficulties  which  meet  the  investigator,  the  number  of  microparasitic  dis- 
eases capable  of  transmission  from  man  to  the  lower  animals  is  small  ;  or 
they  run  a  course  so  different  that  their  identity  is  not  easily  established. 
For  such  diseases  therefore  we  are  conipelled  to  forego  this  valuable  aid. 
If  we  will  not  decline  the  task  altogether  we  must  adopt  another  methpd; 
we  must  endeavor  to  make  out  experimentally  the  biological  properties 
of  the  several  fungi,  as  they  are  found  in  the  human  body.  If  we  are 
successful,  we  have  made  it  at  least  possible  to  form  an  idea  of  their  mode 
of  working  upon  the  system.  Of  recent  years  both  methods  have  led  to 
brilliant  results. 

But  there  are  sources  of  disease  other  than  parasitic — such  as  high 
temperature,  cold,  chemically  active  substances,  etc.  These  must  not  be 
overlooked.  Though  they  are  for  the  most  part  not  themselves  amena- 
ble to  anatomical  methods,  their  effects  upon  the  tissues  are. 

Knowledge  of  the  morphology,  the  genesis,  the  etiology  of  morbid 
changes  is  thus  the  aim  and  object  of  pathological  anatomy.  Its 
methods  are  post-mortem  examination,  direct  or  microscopic,  on  the  one 
hand;  experiment  on  the  other. 

On  comparing  the  domain  of  the  pathological  anatomist  with  that  of 
the  clinical  observer,  it  will  not  escape  our  notice  that  there  is  a  gulf 
betwixt  them.     One  has  to  do  with  death,  the  other  with  life  ;  one  with 
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what  has  been,  the  other  with  what  is  and  is  to  be.  To  bridge  this  gulf  is 
the  task  of  pathological  physiology  ;  hers  it  is  to  bind  into  one  the  scat- 
tered facts  which  pathological  anatomy  has  gleaned;  to  discover  and 
make  sure  the  link  that  connects  the  morbid  change  with  the  disordered 
function.  Standing  with  firm  foot  on  the  ground  of  anatomical  research, 
and  leaning  on  experiment  as  her  staff,  it  is  her  part  to  explain  to  the 
physician  the  phenomena  he  has  observed  at  the  bedside  of  his  patient. 
She  analyzes  the  complex  of  clinical  phenomena  into  its  elements,  and 
from  them  reconstructs  the  natural  types  and  species  of  disease. 
Through  her  mediation  anatomical  research  joins  hands  again  with  prac- 
tical medicine. 


SECTION   I. 
MALFORMATIONS, 


CHAPTER  I. 

GENEEAL  CONSIDEEATIONS. 

1.  By  congenital  malformation  we  mean  an  anomaly  in  the  form 
and  tnake  of  the  body  as  a  whole,  or  of  individual  parts  of  it,  referable  to 
a  disturbance  of  normal  intra-uterine  develojDment.  The  degree  of  mal- 
formation may  be  very  different  in  different  cases.  When  the  deviation 
from  the  normal  is  slight,  affecting  perhaps  only  a  single  part,  we  speak 
of  it  as  a  simple  anomaly.  The  term  malformation  is  not  usually  em- 
ployed unless  the  misformed  part  or  organ  seriously  disturbs  the  balance 
and  harmony  of  the  bodily  form  as  a  whole,  seeming  in  fact  to  be  ill- 
matched  with  the  rest  of  the  organization.  When  the  deviations  from 
the  normal  are  very  considerable  the  affected  individuals  are  spoken  of 
as  monsters. 

Monsters  fall  into  two  great  groups — the  single  and  the  double.  In 
single  monsters  we  have  malformation  occurring  in  a  single  individual. 
One  or  more  parts  of  the  organism  may  have  been  arrested  in  growth,  and 
are  therefore  incomplete  or  wanting  ;  thus  we  have  monsters  by  defect 
(monstra  per  defectum).  Or  the  structure  and  disposition  of  the  parts 
may  deviate  from  the  normal,  and  thus  we  get  monsters  by  perversion 
(7n  onstra  per  fahricam  alien  am) . 

'  Double  monsters  are  of  several  kinds.  Two  nearly  similar  individ- 
uals may  have  one  or  more  parts  in  common;  or  a  properly  formed  indi- 
vidual may  have  attached  to  it  the  ill-developed  body  of  a  second  as  an 
appendage;  or  lastly  particular  members  may  be  doubled,  or  simply  ex~ 
aggerated  in  size  {monstra  per  excessutn). 

[The  literature  of  malformation  is  rich  both  in  comprehensive  treatises 
and  in  accounts  of  individual  cases.  The  following  sketch  is  based  on  the 
works  of  Foerster  ("  Die  Missbildungen  des  Menschen,"  Jena,  1865) ;  Gurlt 
(Article  "Monstrum  "  in  the  "  Encyclopadisches  Worterbuch  der  medici- 
nischen  Wissenschaften,"  vol.  xxiv.,  and  "Virch.  Arch.,"  vol  Ixxiv.); 
Ahlfeld  ("Die  Missbildungen  des  Menschen,"  Leipzig,  1880);  and  Perls 
("  Lehrbuch  der  allgemeinen  Pathologie,"  Part  ii.,  1879).  Foerster, 
Gurlt,  and  Ahlfeld  give  summaries  of  the  ancient  and  modern  literature 
of  the  subject.  The  student  may  also  consult  Vrolik's  article  on  "  Tera- 
tology "  in  "  Todd's  Cyclop,  of  Anatomy,"  and  Lowne's  "  Catalogue  of 
Teratological  Specimens,"  Royal  College  Surgeons,  London,  1873.1 
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2.  The  human  organism  is  developed  from  the  ovum.  This  is  a  cell  of 
definite  and  regular  structure,  which  is  set  into  activity  by  the  impulse 
of  impregnation.  The  rudiments  of  the  several  parts  are  produced  by 
continued  segmentation  of  the  primordial  cell.  The  morphological  form 
of  the  embryo  begins  very  early  to  appear,  and  depends  ultimately  on 
certain  regular  evolutionary  processes  which  the  several  rudimentary  or- 
gans undergo.  These  processes  are  histologically  recognizable  as  lateral 
or  central  proliferations  of  the  cell-complex,  and  the  resulting  outgrowths 
forthwith  become  differentiated  into  specific  forms.  The  factors  deter- 
mining the  special  direction  development  is  to  take  do  not,  in  the  first 
instance  at  least,  lie  in  the  external  relations  of  the  ovum,  in  its  environ- 
ment. They  are  rather  to  be  sought  in  the  inherent  and  inherited  prop- 
erties of  the  segmentation-cells.  But  at  the  same  time  the  external  rela- 
tions are  not  without  influence  on  the  subsequent  course  of  development. 
If  these  are  abnormal,  the  process  of  embryonic  growth  may  be  thereby 
altered,  arrested,  or  perverted. 

Theoretically  speaking  the  origin  of  a  malformation  may  be  of  either 
of  two  kinds.  On  the  one  hand,  the  primary  rudiment  (in  other  words, 
the  ovum)  may  have  inherited  a  tendency  to  abnormal  growth;  on  the 
other,  a  normal  embryo  may  in  the  course  of  development  be  affected 
by  disturbing  influences  from  without  which  check  its  progress  toward 
the  perfectly  developed  form.  Experience  indicates  that  both  events 
occur. 

The  recurrence  of  hereditary  malformations  in  a  family  (such  as  excess 
of  fingers  or  toes)  can  only  be  explained  by  the  supposition  that  the  abnor- 
mal tendency  exists  from  the  first  in  the  embryo,  having  been  transmitted 
to  it  from  one  or  other  parent.  On  the  other  hand  the  absence  of  one  or 
more  limbs,  deficiency  of  the  cranium,  etc.,  observed  only  in  isolated  cases, 
are  to  be  accounted  for  in  a  satisfactory  way  only  by  assuming  that  ex- 
ternal causes  of  injury  have  affected  the  growing  foetus. 

[Disturbing  influences  acting  on  the  otherwise  normal  embryo  play  a 
far  more  important  part  than  heredity  in  the  genesis  of  malformations. 
This  might  be  inferred  from  the  fact  that  the  term  malformation  has  come 
to  connote  exclusively  gross  and  obvious  anatomical  relations.  These 
gross  anatomical  anomalies  arise  generally  from  external  causes.  The 
pathological  peculiarities  transmitted  congenitally  from  parent  to  child 
manifest  themselves  less  in  anomalies  of  external  form  that  in  deficient 
or  perverted  function  of  the  tissues,  or  in  morbid  predispositions.  Such 
anomalies  are  to  be  detected  only  by  minute  anatomical  examination,  or 
they  are  incapable  of  anatomical  demonstration  at  all.] 

-3.  Monstrosities  by  defect,  as  they  occur  in  man,  are  of  many 
kinds.  Many  of  them  affect  most  gravely  the  shape  and  fashion  of  the 
human  form  ;  others,  of  trifling  character  and  affecting  none  but  internal 
organs,  can  only  be  recognized  by  anatomical   examination.     The  con- 
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figuration  of  the  body  is  most  prejudicially  affected  by  defective  closure, 
whether  total  or  partial,  of  the  larger  body-cavities  (pleural,  peritoneal,  or 
cerebro-spinal) ;  or,  on  the  other  hand,  by  defective  development  of  the 
extremities. 

The  causes  of  malformation  in  any  given  case  can  only  be  approxi- 
matively  determined,  or  referred  to  this  or  that  hypothetical  injury  ; 
nevertheless  we  can  generally  indicate  the  direction  in  which  the  cause  of 
the  defect  is  to  be  sought. 

Monstrosities  by  defect  are  commonly  malformations  by  arrest  ;  they 
owe  their  existence  to  a  local  hindrance  to  the  development  of  a  normally 
constituted  embryo.  It  is  but  seldom,  and  then  chiefly  in  cases  where  the 
entire  body  is  affected  (as  in  dwarfs),  that  we  can  attribute  the  effect  to 
heredity  ;  even  of  such  cases  the  hereditary  ones  form  by  no  means  the 
majority. 

The  influences  which  check  and  hinder  growth  are  to  be  sought  in  al- 
teration, injury,  or  disease  of  the  uterus,  or  in  disease  of  the  foetus  itself. 
To  the  first  class  belong  defective  development  or  disease  of  the  mem- 
branes and  placenta  (uterine  or  foetal),  adhesion  of  the  amnion  to  the 
foetus,  abnormally  small  quantity  of  liquor  amtiii,  tumors  of  the  uterus, 
concussions  of  the  uterus  with  separation  of  the  membranes,  hemorrhages 
in  the  membranes  or  in  their  neighborhood,  etc.  As  concerns  the  foetus 
itself,  its  development  may  be  disturbed  by  inflammatory  affections  which 
it  acquires  by  transmission  from  the  mother  (small-pox,  scarlatina,  endo- 
carditis), or  by  inherited  disease  such  as  syphilis.  In  the  earlier  stages 
of  development  abnormal  twists  or  flexures  of  the  embryo  may  be  enough 
to  cause  very  serious  hindrances  to  growth. 

The  influences  we  have  cited  may  act  in  various  ways.  Many  arrest 
growth  mechanically  by  simple  pressure  ;  others  hinder  the  circulation 
so  that  the  foetus,  or  some  of  its  parts,  receive  too  scanty  a  supply  of 
blood,  and  thus  the  growth  is  retarded.  Other  affections,  such  as  the 
inflammations,  actually  destroy  parts  already  formed  and  so  render  their 
further  growth  impossible.  Not  infrequently  several  factors  may  act  at 
the  same  time,  or  the  malformation  of  one  organ,  like  the  heart,  may  in- 
volve detriment  to  the  proper  development  of  the  others. 

The  point  of  time  at  which  the  disturbing  influence  makes  itself  felt 
may  of  course  vary  greatly,  and  so  by  consequence  will  vary  the  intensity 
of  its  effect.  The  earlier  the  injury  the  greater  is  usually  its  effect.  The 
loss  of  a  few  cells  in  the  earlier  stages  of  growth  may  involve  the  absence 
of  an  entire  organ  or  limb  ;  while  later  on,  after  the  general  form  is 
nearly  complete,  the  same  loss  might  not  be  noticeable  at  all.  Malforma- 
tions, in  the  narrower  sense  of  the  term,  originate  for  the  most  part  in 
the  first  three  months  of  foetal  life.  By  the  end  of  that  time  the  general 
form  of  the  body  and  its  members  is  well  defined.  Later  disturbances 
give  rise  rather  to  changes  that  manifest  themselves  after  birth  as  con- 
genital disorders  ;  they  are  therefore  more  fitly  regarded  as  the  anatomi- 
cal basis  of  foetal  diseases  than  as  true  malformations. 
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[Geoffroy  St.  Hilaire  ("Histoire  generale  et  particuliere  des  anomalies 
de  rorganisatioii  chez  I'homme  et  les  auimaux,"  Paris,  1832-37)  rejects 
altogether  the  doctrine  of  the  primary  perversion  of  the  embryo  (Haller 
and  Winslow)  and  refers  the  malformations  by  arrest  entirely  to  mechani- 
cal influences.  Panum  ("  Untersuchungen  iiber  die  Entstehung  der  Miss- 
bildungen,"  Berlin,  1860)  on  the  whole  agrees  with  him,  although  he 
grants  the  possibility  of  a  primary  perversion.  He  produced  malforma- 
tions in  embryo  chicks  by  varying  the  temperature  of  the  incubator,  and 
by  varnishing  the  egg-shells.  Dareste  ("  Recherches  sur  la  production 
artificielle  des  monstruosites,"  Paris,  1877)  made  like  experiments,  and  pro- 
duced malformations  by  arrest  by  placing  the  eggs  vertically,  varnishing 
the  shells,  raising  the  temperature  above  45°  C,  and  by  warming  the  eggs 
in  an  irregular  manner.  He  has  lately  ("  Comptes  Rendus,"  1882)  shown 
that  abnormalities  may  be  produced  by  prolonging  the  interval  between 
the  laying  and  the  incubation  of  the  egg. 

On  the  significance  of  adhesions  of  the  amnion  to  the  fcetus  see  Jensen, 
"  Virch.  Arch.,"  vol.  xlii.;  Fuerst,  "Arch,  fiir  Gynakologie,"  1871  ;  Perls, 
"Allg.  Pathol.;"  Dareste,  "Comptes  Rendus,"  1882.  If  a  malformation 
is  to  be  produced,  the  original  injury  must  of  course  not  be  too  grave, 
otherwise  the  embryo  would  die  outright.  Above  all  things  it  is  neces- 
sary that  the  apparatus  of  circulation  should  be  maintained  in  working 
order.  If  the  embryo  dies,  it  is  either  expelled  with  its  membranes  from 
the  uterus  ;  or  it  is  absorbed,  in  whicli  case  the  membranes  undergo 
further  changes  before  they  are  finally  expelled.  A  malformed  foetus 
then  can  never  sink  below  a  certain  minimum  of  development  without 
perishing  prematurely  ;  unless  indeed  it  manages  to  prolong  its  existence 
by  attaching  itself  as  a  kind  of  parasite  to  a  second  simultaneously  de- 
veloping foetus.     Compare  Art.  13.] 

4.  The  malformations  of  single  individuals,  which  we  with  Foerster 
have  distinguished  as  monstra  per  fabricam  alienam  or  monstrosities 
by  perversion,  consist  exclusively  of  abnormalities  in  the  viscera  of  the 
thorax  and  abdomen.  To  this  class  belong's  the  Situs  transvefsus  orright- 
and-left  reversal  of  the  position  of  the  thoracic  or  abdominal  viscera,  or 
both.  In  this  case  we  usually  find,  in  addition  to  the  change  of  position, 
other  changes  in  the  forms  and  relations  of  the  misplaced  organs.  Here 
also  we  include  the  various  malformations  (mostly  by  defect)  of  the  heart 
and  great  vessels.  Lastly,  we  nuist  mention  the  numerous  malformations 
of  the  genital  apparatus,  especially  those  distinguished  as  true  and  false 
hermaphroditism. 

The  genesis  of  these  malformations  is  in  general  to  be  referred  to  the 
factors  cited  in  Art.  3.  They  are  for  the  most  part  to  be  reckoned  among 
the  malformations  by  arrest." 

['  For  further  details  on  this  subject  see  the  chapters  relating  thereto  in  the  Special 
Pathological  Anatomy.  ] 
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5.  Double  monstrosities,  monstra  duplicia^  have  the  entire  body, 
or  a  part  of  it,  duplicated.  The  duplicated  parts  are  sometimes  equally 
well  developed,  sometimes  unequally.  In  the  latter  case  one  part  is 
stunted,  and  appears  as  a  parasitic  appendage  to  a  well-formed  individual. 
We  thus  distinguish  between  equal  and  unequal  double  monstrosities. 

Older  theories  had  it  that  double  monsters  arose  through  the  adhesion 
of  two  originally  distinct  ova  (Meckel,  Gurlt,  G.  St.  Hilaire).  It  was 
even  assumed  that  the  membranes  of  two  separate  ova  might  disappear 
at  the  point  of  contact,  and  then  that  the  two  foetuses  might  become 
fused  together,  so  to  speak.      This  view  is  no  longer  upheld. 

All  double  monsters  originate  from  a  single  ovum  and  are  fashioned 
on  a  single  blastodermic  vesicle. 

According  to  Koelliker,  the  first  rudiment  of  the  embryo  appears  as  a 
round  opaque  white  spot  on  the  wall  of  the  blastodermic  vesicle.  This 
is  the  embryonic  area  {area  embryo7iaUs),  formerly  misnamed  the  germi- 
nal area.  The  embryonic  area  originates  in  a  thickening  of  the  epiblast 
(ektoderm),  produced  by  a  proliferation  of  the  cells  of  this  outer  layer  of 
the  bilaminar  blastodermic  vesicle.  The  embryonic  area  next  becomes 
pear-shaped.  At  the  same  time  there  appears  at  its  posterior  extremity 
a  rounded  thickening,  which  is  continued  into  a  somewhat  conical  pro- 
longation. This  thickening  is  the  earliest  rudiment  of  the  primitive 
streak,  in  other  words,  it  is  the  region  of  the  epiblast  or  ektoderm  from 
which  the  mesoblastic  layer  is  to  begin  to  grow.  From  the  primitive 
streak  the  mesoblastic  layer  spreads  between  the  epiblast  and  hypoblast 
till  it  extends  over  the  whole  of  the  embryonic  area,  and  at  length  passes 
its  boundaries.  It  thus  forms  a  marginal  zone,  called  the  vascular  area 
{area  vasculosa),  around  the  embryonic  area.  When  the  primitive  streak 
has  existed  for  some  time,  there  appears  in  front  of  it  the  medullary 
groove.  Thereupon  the  embryonic  area  becomes  differentiated  into  a 
vertebral  zone  adjoining  the  medullary  groove,  and  an  outer  lateral  or 
parietal  zone.  The  various  parts  and  members  of  the  embryo  are  pro- 
duced by  the  progressive  development  of  both  zones. 

The  genesis  of  a  double  monster  may  be  accounted  for  in  various 
ways.  In  the  first  place  it  is  conceivable  that  two  embryonic  areas  may 
arise  on  the  surface  of  a  single  blastodermic  vesicle.  These  as  they  grow 
may  come  into  contact,  and  fuse  with  each  other  to  a  greater  or  less  ex- 
tent. Another  possibility  is — that  in  the  same  embryonic  area  two 
primitive  streaks  may  appear,  and  subsequently  two  medullary  grooves  ; 
these  may  remain  distinct,  or  may  in  part  become  blended.  Thirdly,  we 
may  suppose  the  primitive  streak  to  be  single,  while  the  medullary  groove 
is  developed  in  duplicate  either  throughout  or  in  some  part  of  it. 
Finally,  it  may  happen  that  in  certain  cases  the  duplication  occurs  at  a 
still  later  stage,  affecting  either  single  parts  of  the  vertebral  or  parietal 
zones,  or  the  rudiments  of  the  several  organs  as  they  develop  from  these 
zones. 

Each  of   these   hypotheses  assumes    that  at  some   time  or    other  a 
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duplication  occurs  in  parts  which  normally  are  developed  as  single.  In 
the  first,  the  date  at  which  duplication  appears  is  that  at  which  the 
embryonic  area  is  first  formed.  In  the  others,  the  duplication  takes 
place  within  the  embryonic  area  itself.  In  the  first  three  cases,  the 
duplication  occurs  in  structures  which  are  axial  ;  in  the  fourth,  it  may  be 
limited  to  parts  which  are  lateral. 

We  are  compelled  to  accept  the  hypothesis  that  a  duplication  of  some 
part  or  parts  of  the  blastodermic  vesicle  or  embryonic  area  can  take 
place,  if  we  are  to  account  for  the  genesis  of  double  monsters.  The  only 
question  is — how  far  it  is  possible  for  a  duplication  which  has  already 
taken  place  to  disappear  again,  owing  to  subsequent  fusion.  For  ex- 
ample, it  may  be  asked — whether  from  two  originally  distinct  embryonic 
areas  nothing  but  separate  homologous  twins  can  ever  develop  ;  or 
whether  the  twin  rudiments  can  unite  again  at  some  later  stage.  This 
question  cannot  as  yet  be  definitely  answered,  so  far  at  least  as  concerns 
embryos  of  the  age  at  which  the  blastodermic  layers  have  become  com- 
pletely differentiated.  On  the  other  hand,  it  may  readily  be  believed 
that  twD  embryonic  areas  which  are  actually  in  process  of  formation  may 
encroach  on  each  other  and  so  unite.  Here  we  have  to  do  not  with  a 
fusion  of  two  formed  and  separate  structures,  but  merely  with  a  group- 
ing or  arrangement  of  cells  (due  to  identical  processes)  taking  place 
round  two  centres  close  to  each  other,  instead  of  round  a  single  one.  It 
is  perhaps  best,  in  dealing  with  the  genesis  of  the  double  malformations, 
to  avoid  assuming  the  occurrence  of  secondary  fusion  or  reunion  of  pri- 
marily distinct  rudiments  ;  and  to  refer  them  all  to  incomplete  cleavage 
or  duplication.  The  ultimate  causes  of  such  cleavage  are  unknown  to 
us  ;  it  is  likely  that  they  are  partly  internal  and  partly  external. 

[The  views  of  different  authors  on  this  subject  (the  genesis  of  double 
monstrosities)  are  very  various.  Some,  like  Foerster,  Virchow,  Oellacher, 
Ahlfeld,  and  Gerlach,  pronounce  for  the  theory  of  cleavage.  Others,  such 
as  Schultze,  Panum,  and  Marchand,  think  that  rudiments  already  more 
or  less  completely  distinct  may  reunite.  According  to  Rauber,  two  or 
more  primitive  streaks  may  be  formed  on  a  single  embryonic  area  ;  and 
these  may  meet  at  some  point  in  their  length  and  there  fuse  together. 
This  is  the  "  Radial  "  theory.  Marchand  maintains  that  two  rudimentary 
embryos  are  formed,  and  then  unite.  The  duplication  of  the  embryo  is, 
he  thinks,  referable  to  causes  anterior  to  the  segmentation,  inherent 
therefore  in  the  ovum  before  impregnation,  or  involved  in  the  process  of 
impregnation  itself.  In  support  of  this  hypothesis  he  adduces  some 
recent  observations  on  invertebrates,  which  make  it  probable  that  the 
admission  of  two  spermatozoa  to  the  ovum  may  lead  to  the  formation  of 
two  centres  of  segmentation.  In  other  cases  it  is  said  that  two  blasto- 
dermic vesicles  may  be  formed,  and  give  rise  to  a  double  monstrosity. 
L.  Gerlach  lately  attempted  to  produce  double  monsters  experimentally. 
He  varnished   over  a   number   of  hen's  eggs  before  incubation,  leaving 
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nothing  uncovered  but  a  Y-shaped  space  over  the  region  of  the  primitive 
streak.  Out  of  a  number  of  trials  he  obtained,  on  one  occasion,  a 
duplicitas  anterior  (Art.  14),  in  addition  to  various  other  malformations. 
He  infers  that  in  chicks  at  least  it  is  possible  to  produce  double  mon- 
strosities by  artificial  means. 

See  Foerster,  "  Die  Missbildungen  des  Menschen,"  Jena,  1865  ;  Panum, 
"  Untersuchungen  iiber  Entstehung  der  Missbildungen,"  Berlin,  1860, 
and  "Virch.  Arch.,"  v6l.  Ixxii.  ;  Donitz,  "Reichert's  Archiv  fiir  Anat.  u. 
Physiol.,"  1866  ;  Dittmer,  "  Reichert's  Archiv,"  1875  ;  Ahlfeld,  "  Archiv 
fiir  Gynakol.,  vol.  ix.,  and  "  Die  Missbildungen  des  Menschen,"  Leipzig, 
1880  ;  Rauber,  "  Virch.  Arch.,"  vol.  Ixxi.  ;  Marchand,  "  Realencyclopadie 
der  gesammten  Heilkunde,"  Art.  "  Missbildungen  ; "  L.  Gerlach,  "  Sitz- 
ungsberichte  d.  phys.  med.  Soc.  zu  Erlangen,"  1880  j  Cleland,  Journal 
of  Anatomy^  1874:.] 


CHAPTEK  n. 
MALFOEMATIONS  BY  AEEEST  IN  SINGLE  INDIVIDUALS. 
a.  Arrested  Development  of  the  Embryo  as  a  Whole. 

6.  If  the  development  of  the  embryo  as  a  whole  be  interrupted,  one 
of  two  results  will  follow.  When  the  disturbance  is  grave  the  further 
development  of  the  embrj^o  is  rendered  iinpossible  ;  it  either  ceases  to 
live  forthwith,  or  it  dwindles  away  and  ultimately  perishes  unborn.  A 
slighter  disturbance  may  not  exclude  a  certain  amount  of  development, 
and  as  a  result  there  is  born  a  foetus  whose  general  form  is  normal,  though 
in  size  it  is  small  and  puny.  A  dead  foetus  cannot  remain  for  long  un- 
changed ;  sooner  or  later  it  undergoes  certain  retrograde  alterations.  In 
most  cases,  foetus  and  membranes  are  expelled  from  the  womb,  and  this 
constitutes  abortion.  In  other  cases,  that  is  to  say,  in  the  earlier  stages 
of  its  development,  the  embryo  may  be  absorbed  and  so  disappear,  the 
membranes  undergoing  a  different  fate.  Most  commonly  they  are  ex- 
pelled at  once  ;  but  at  times  they  remain  and  pass  through  further 
changes.  In  this  latter  way  is  generally  formed  the  so-called  fleshy 
mole  [niola  carnosa  ;  otherwise  clot-  or  blood-mole).  This  is  a  flesh- 
like mass  consisting  of  membranes  and  altered  blood-clots.  The  clots 
form  the  greater  part  of  the  mass  ;  they  are  the  result  of  hemorrhages 
from  the  maternal  placenta,  and  are  not  infrequently  the  efficient  cause 
of  the  death  of  the  foetus. 

In  other  cases,  the  villi  of  the  chorion  iindergo  a  peculiar  degeneration, 
increase  in  size,  and  at  length  form  a  mass  of  club-shaped  or  spherical 
translucent  cysts.  These  give  the  ovum  at  first  sight  the  appearance  of 
a  bunch  of  grapes  (whence  the  German  name  Traubenmole,  or  grape- 
mole).  The  manner  in  which  cyst  grows  out  of  cyst,  and  the  absence  of 
stems  uniting  the  pedicles,  render  this  comparison  somewhat  inexact.  In 
England  this  "  cystic  degeneration  "  of  the  membranes  is  often  described 
as  a  hydatidiform  mole. 

A  still  rarer  product  of  completely  arrested  development  is  the  so- 
called  lithopaedium.  The  foetus  dries  up  into  a  kind  of  mummy,  while 
its  superficial  parts  and  the  tissues  inclosing  it  become  calcified.  This 
effect  is  oftenest  found  when  the  situation  of  the  ovum  is  abnormal. 

The  second  result  of  a  general  arrest  of  growth  is  dwarfing  of  the 
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entire  body  {MiJcrosomia  or  N'anosomia).  Sometimes  in  dwarfs  the  pro- 
portion between  the  several  parts  is  abnormal  j  for  example,  the  head  is 
often  inordinately  large. 


b.  Arrested  Development  of  Parts  of  the  Body. 

7.  Malformations  depending  on  imperfect  closure  of  the  cerebro-spinal 
cavity. 

(1)  Acrania  {Hemicephalus,  Cranioschisis)  is  a  frequent  malforma- 
tion ;  it  consists  in  an  entire  absence  of  the  bones  and  integuments  form- 
ing the  vault  of  the  skull.  In  most  cases  the  brain  is  also  lacking  {A7ien- 
cephalia),  and  the  base  of  the  skull  is  covered  with  a  vascular  mass  of 
connective  tissue,  enclosing  a  variable  number  of  cyst-like  structures. 
More  rarely  there  is  found  a  pocket-like  fold  of  dura  mater,  containing 
some  brain-detritus.  The  forehead  being  imperfectly  formed  the  eyes 
project  strongly,  and  give  these  monsters  a  toad-like  appearance.  The 
parietal  bones  are  entirely  absent.  The  tabular  portions  of  the  occipitals, 
temporals,  and  frontals,  may  be  wanting  in  whole  or  in  part.  If  the 
supra-occipital  be  also  wanting,  while  the  upper  cervical  vertebrae  remain 
unclosed,  the  monstrosity  is  spoken  of  as  Cranio-racliischisis.  In  such 
cases  the  upper  part  of  the  spinal  cord  is  also  wanting  or  rudimentary. 

The  production  of  Acrania  is  referred  by  G.  St.  Hilaire,  Foerster,  and 
Panum  to  the  collection  of  fluid  in  the  cerebral  vesicles  prior  to  the  fourth 
month  of  gestation  {Hydrocephalus^.  Dareste  and  Perls  dispute  this 
view,  on  the  ground  that  in  Acrania  the  base  of  the  skull  is  generally 
convex  toward  the  brain,  and  cannot  have  been  subjected  to  pressure 
tending  outward  such  as  hydrocephalus  would  produce.  They  therefore 
regard  the  cause  of  Acrania  to  be  some  pressure  exerted  on  the  cranium 
from  without.  Perls  maintains  that  this  external  pressure  may  be  ex- 
erted by  the  head-fold  of  the  amnion  ;  this  may,  he  thinks,  be  stretched 
too  tightly  over  the  cranial  flexure,  and  so  arrest  the  proper  development 
of  the  cranial  vault. 

Quite  recently  Lebedeff  has  offered  a  new  explanation  of  Anenceph- 
alia  and  Acrania.  He  thinks  these  are  due  to  the  production  of  an  ab- 
normally sharp  cranial  flexure  in  the  embryo.  This  occurs  when  the 
cephalic  extremity  grows  at  an  unusual  rate  in  the  longitudinal  direction, 
or  when  the  head-fold  of  the  amnion  is  retarded  in  its  development.  In 
consequence  of  the  sharp  flexure  the  closure  of  the  medullary  plate  to 
form  the  medullary  canal  is  prevented  ;  or  else  the  medullary  canal  al- 
ready formed  is  obliterated.  This  explains  very  easily  the  subsequent 
absence  of  the  brain,  and  of  its  membranous  and  bony  coverings.  The 
cystic  structures  found  upon  the  base  of  the  skull  Lebedeff  believes  to 
originate  from  the  folds  of  the  medullary  plate,  which  sink  into  the  sub- 
stance of  the  mesoblast,  and  are  then  constricted  off  from  the  main 
mass. 
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(2)  Hernia  Cerebri  and  Spina  bifida  are  terms  used  to  describe 
minor  deficiencies  in  the  walls  of  the  skull  or  of  the  vertebral  column, 
through  which  the  contents  of  their  respective  cavities  protrude.  In  the 
case  of  the  skull,  a  sacculation  appears  on  the  surface,  which  contains 
either  fluid  {Meningocele),  or  brain-substance  {Encephalocele),  or  both 
{Hydroencephalocele).  The  fluid  may  lie  either  in  the  subarachnoid  tis- 
sue, or  in  the  dilated  and  sacculated  ventricle;  in  the  latter  case  it  is  en- 
closed on  all  sides  by  brain-substance  {Hydrocephalus  externus  and  in- 
ternus). 

Hernia  cerebri  is  oftenest  found  in  the  occipital  region,  and  at  the 
root  of  the  nose.  The  size  of  the  sac,  as  also  the  size  of  the  opening  in 
the  skull-wall,  are  very  various. 

The  malformation  known  as  Spina  hijida  is  generally  limited  to  the 
sacral  and  lumbar  regions  of  the  vertebral  column.  The  herniated  sac  is 
covered  by  the  integuments,  and  contains  either  fluid  only  {Hydrorachis 
externa  or  Spinal  meningocele),  or  fluid  with  a  thin  layer  of  cord-sub- 
stance {Hydrorachis  interna  or  Hydromyelocele).  In  the  latter  case,  the 
central  canal  is  dilated  by  the  fluid.' 

(3)  Cyclopia  or  Synophthalmia  is  a  malformation  in  which  the 
orbits  form  a  single  continuous  cavity.  This  may  be  either  very  small, 
containing  a  mere  rudiment  of  an  eye  or  none  at  all,  or  larger  in  size  and 
containing  one  eye  or  two  lying  close  together.  The  nose  is  wanting,  or 
represented  by  a  snout-like  projection  just  beneath  the  common  orbit. 
When  the  brain  is  examined,  we  find  instead  of  the  cerebral  hemispheres 
an  undivided  pointed  vesicle  running  from  behind  forward  ;  the  optic 
nerve  is  often  either  absent  or  single,  and  the  olfactory  nerve  is  likewise 
wanting.  The  other  parts  of  the  brain  may  also  exhibit  various  malfor- 
mations. The  malformation  as  a  whole  depends  on  the  defective  develop- 
ment of  the  primary  cerebral  vesicle,  in  consequence  of  which  the  optic 
vesicles  remain  either  unevolved  or  in  close  contact  with  each-  other 
(Perls).  Dareste  thinks  the  cause  is  arrested  development  of  the  head- 
fold  of  the  amnion. 

[References:  Foerster, /oc.  c^7./  Dareste,  ?oc.  c^Y./  Perls,  "  Allgemeine 
Pathologic,"  ii.,  1879;  Lebedeff,  "Virch.  Arch.,"  vol.  Ixxxvi.;  Marchand, 
loc.  cit.j  Ackermann,  "Die  Schadeldifformitat  bei  der  Encephalocele  con- 
genita," Halle,  1882.] 

8.  Fissural  malformations  depending  on  imperfect  union  of  the  bran- 
chial arches, 

(1)  Cleft  "gBlB-te  [Cheilo-gnatho-palatoschisis).  In  this  deformity  a 
fissure  extends  from  the  upper  lip  through  the  alveolar  process  of  the  su- 
perior maxilla,  the  superior  maxilla  itself,  and  the  palate.  The  hard  palate 
is  cleft  along  its  line  of  junction  with  the  vomer ;  in  the  soft  palate  the 

[An  interesting  series  of  cases  of  Spina  bifida  will  befound  described  in  the  Medi' 

cal  Times  and  Oazeite,  3,  1858.] 
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fissure  passes  along  the  middle  line  ;  in  the  alveolar  process  it  goes  be- 
tween the  exterior  incisor  and  the  canine  tooth.  If  the  fissure  is  bilateral, 
there  appears  a  yawning  aperture  above  the  mouth,  which  is  wider  and 
deeper  according  to  the  stage  at  which  the  development  of  the  vomer, 
intermaxilla,  and  lip  was  arrested. 

Very  often  the  fissure  affects  only  the  upper  lip  {Labium  leporinum, 
hare-lip)  ;  less  often  the  palate  alone,  or  the  palate  and  superior  maxilla. 
The  slightest  degree' of  fissure  is  probably  represented  by  a  slight  notch 
or  scar  in  the  upper  lip,  or  in  another  direction  by  a  bifurcation  of  the 
uvula.     Even  slight  fissures  of  this  kind  may,  however,  be  bilateral. 

These  varieties  of  fissure  depend  on  an  imperfect  union  of  the  supe- 
rior maxillary  and  palatal  processes  of  the  first  branchial  arch  with  the 
nasal  process  of  the  frontal,  the  intermaxilla,  and  the  vomer.  This  union 
should  normally  take  place  in  the  third  month.  In  some  cases  the  cause 
of  the  cleft  has  been  found  to  be  a  morbid  adhesion  of  the  amnion  to  the 
face.     The  malformation  may  be  hereditary. 

(2)  Sehistoprosopia  and  Aprosopia.  If  the  development  of  the 
first  branchial  arch,  and  of  the  nasal  process  of  the  frontal,  be  still  more 
seriously  interfered  with,  we  have  instead  of  the  middle  of  the  face  a 
mere  gaping  cavity.  Cleft-palate  has  become  cleft-face.  In  extreme 
cases,  eyes  and  nose  being  also  absent,  there  may  be  no  face  at  all. 

(3)  Agnathia,  or  absence  of  the  inferior  maxilla,  is  due  to  arrested 
development  of  the  inferior  maxillary  process  of  the  first  branchial  arch. 
In  consequence  of  this  deficiency  the  lower  half  of  the  face  seems  cut 
away,  and  the  ears  come  almost  into  contact  with  each  other  (Synotia). 
In  special  instances  the  superior  maxillary  process  is  also  rudimentary, 
and  the  malformation  is  accompanied  by  Cyclopia,  with  imperfect  cere- 
bral development. 

(4)  In  consequence  of  the  partial  persistence  of  a  branchial  cleft,  we 
sometimes  meet  with  fissure  of  the  neck,  the  so-called  Fistula  colli 
congenita.  This  oftenest  takes  the  form  of  an  opening  a  little  above 
and  external  to  the  sterno-clavicular  joint;  more  rarely  the  opening  is  in 
the  middle  line,  or  higher  up  in  the  neck.  Generally  there  is  but  one 
opening  ;  sometimes,  however,  there  are  two  symmetrically  placed.  The 
fistular  canal  is  for  the  most  part  narrow  and  lined  with  mucous  mem- 
brane; it  passes  upward  and  inward,  and  as  a  rule  ends  csecally;  now  and 
then  it  opens  into  the  trachea  or  the  pharynx. 

Sometimes  such  fistulas  have  dilatations,  or  these  may  take  the  form 
of  closed  cysts  filled  with  fluid  {Hydrocele  colli  congenita),  or  of  cavities 
containing  epidermoid  cells  and  ce41ular  detritus  {Atherornata).  Fistulae 
and  cysts  of  this  kind  are  usually  formed  in  the  site  of  the  third  or  fourth 
branchial  cleft.  Their  hereditary  character  has  been  established  in  nume- 
rous instances. 

[On  cervical  fistula  see  Heusinger,  "Virch.  Arch.,"  vols.  xxix.  and 
xxxiii.,  "Deutsche  Zeitschrift  filr  Thiermed.,."  ii.,  1875;  Rehn,  "Virch. 
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Archiv,"  vol.  Ixii. ;  Neumann  and  Baumgarten,  "Arch.,  fiir  klin.  Chirur- 
gie,"  XX.;  Virchow,  "  Virch.  Arch.,"  vol.  xxxv.;  Schede,  "  Arch,  fiir  klin. 
Chirurgie,"  xiv.] 

9.  Fissural  malformations  depending  on  imperfect  closure  of  the 
pleuro-peritoneal  cavity. 

The  abdominal  surface  of  the  embryo,  which  is  that  directed  toward 
the  blastodermic  vesicle,  begins  about  the  third  or  fourth  week  to  close 
in  by  converging  marginal  growth.  This  at  first  takes  place  only  from 
the  anterior  and  posterior  ends,  but  afterward  at  the  lateral  borders  also. 
At  the  end  of  this  stage  the  only  communication  between  the  intestinal 
cavity  and  the  vitelline  or  umbilical  vesicle  is  by  means  of  the  omphalo- 
meseraic  or  vitelline  duct.  In  the  sixth  week  the  duct  becomes  obliter- 
ated, but  it  happens  not  infrequently  that  the  part  next  to  the  intestine 
persists  as  Meckel's  diverticulum  |  this  takes  the  form  of  a  cylindrical 
or  club-shaped  sacculation  of  the  ileum. 

Clefts  of  the  abdominal  -wall.  The  complete  closure  of  the  body- 
cavity  occurs  in  the  eighth  week,  but  this  is  liable  to  several  forms  of 
interruption.  The  slightest  degree  of  abnormality  is  that  in  which  a 
peritoneal  protrusion,  containing  a  coil  of  intestine,  persists  at  the  site  of 
the  umbilicus.  This  forms  a  hemispherical  bulging,  from  the  apex  of 
which  the  umbilical  cord  arises  {^Hernia  funis).  This  malformation  is 
common;  the  sac  is  usually  small;  it  is  less  usual  for  the  hiatus  in  the 
abdominal  wall  to  be  considerable.  Cases,  however,  occur  in  which  a 
fissure  extends  for  nearly  the  entire  length  of  the  anterior  belly-wall 
{^Gastroschisis  or  Fissiira  ahdomh%alls)\  this  may  even  extend  to  the 
thorax  {Thoraco-gastroschisis).  In  the  latter  case  the  development  of 
the  lamincB  laterales  toward  the  umbilical  vesicle  must  have  been  very 
early  arrested.  It  is  even  possible  for  the  funis  to  be  absent  altogether, 
and  then  the  umbilical  vessels  pass  direct  to  the  placenta.  Occasionally 
the  fissure  is  altogether  unclosed;  in  other  instances  a  kind  of  hernial  sac 
is  formed  by  the  peritoneum  and  the  amnion  stretched  over  it. 

Now  and  then  we  find  that  the  abdominal  wall  is  duly  closed  in  the 
neighborhood  of  the  umbilicus,  while  a  fissure  persists  either  above  it  or 
below  it.  If  below  it,  the  fissure  is  usually  associated  with  imperfect 
closure  of  the  allantois  and  so  of  the  urinary  bladder.  The  internal  mu- 
cous surface  of  the  bladder  in  this  case  appears  externally,  and  is  pressed 
forward  and  everted  by  the  intestines  behind.  The  genital  groove  re- 
mains unclosed,  and  the  external  genitals  are  ill-developed.  This  is 
known  as  Inversio,  Ectopia,  or  Eeatr&phia  vesicce. 

Clefts  of  the  thoracic  "wall.  If  the  fissure  is  small  and  merely 
affects  the  sternum,  it  is  described  as  Fissura  sterni ;  if  it  is  wider,  so 
that  the  heart  is  covered  only  by  membrane  and  integument  and  pro- 
trudes, it  is  called  Ectopia  cordis. 

The  efficient  causes  of  these  imperfections  of  development  are  seldom 
demonstrable.     It  may  be  that  they  depend  in  part  on  morbid  adhesions 
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of  the  borders  of  the  latninoe  laterales  to  the  amnion.  Very  frequently 
they  are  found  in  individuals  affected  with  malformations  in  other  parts, 
such  as  the  genitals  or  anus. 

[See  Buhl,  "  Klinik  der  Geburtskunde  von  Hecker  und  Buhl,"  1861; 
Wedl,  "  Wiener  med.  Jahrbuch,"  1863  ;  Ahlfeld,  "  Arch.  f.  Gynak.,"  v.; 
Perls,  "  AUg.  Pathologie,"  ii.,  1879.  On  intestinal  diverticula  see  Lock- 
wood,  British  Medical  Journal,  1882;  Roth,  "  Virch.  Arch.,"  vol.  Ixxxvi.] 

10.  Aplasia  of  the  extremities  and  of  the  hip-  and  shoulder-girdles. 

Defects  in  the  development  of  the  limbs  are  by  no  means  rare. 
Different  classes  are  distinguished  according  to  the  degree  of  malforma- 
tion. 

(1)  Amelus.  Limbs  entirely  wanting  or  replaced  by  wart-like  stumps. 
Trunk  generally  well-formed. 

(2)  Peromelus.     All  the  limbs  stunted. 

(3)  Phocomelus.  Limbs  consisting  merely  of  hands  and  feet,  sessile 
upon  the  shoulders  and  pelvis. 

(4)  Micromelus  {Microhrachius,  Micropus).  Limbs  regular  in  form, 
but  abnormally  small. 

(5)  Abrachius  and  Apus.  Absence  of  upper  limbs,  while  lower  are 
well-formed;  and  vice  versa. 

(6)  Perobrachius  and  Peropus.  Arms  and  thighs  normal;  forearms 
and  hands,  legs  and  feet  malformed. 

(7)  Monobrachius  and  Monopus.  Absence  of  a  single  upper  or  lower 
limb. 

(8)  Sympus,  or  Siren-monster.  Lower  limbs  coalescent,  being  first 
rotated  backward  so  that  the  external  surfaces  come  into  contact.  The 
pelvis  is  usually  malformed,  as  also  the  external  genitals,  bladder,  urethra, 
and  anus.  Feet  may  be  wholly  aibsent  or  represented  by  single  toes 
{Sympus  apus)  ;  or  there  may  be  one  [S.  monopus)  or  both  feet  {S. 
dipus)  at  the  end  of  the  undivided  extremity. 

(9)  Achirus  and  Perochirus.  Absence  or  stunted  growth  of  the 
entire  hand  or  foot  is  seldom  observed.  More  frequently  we  find  absence 
of  single  fingers  or  toes  [Perodactylus)\  or  coalescence  of  two  or  more 
{Syndactyhis  or  "  webbing  "). 

(10)  Of  the  several  bones  those  most  commonly  wanting  are  the 
radius,  fibula,  patella,  clavicle,  and  scapula. 

[See  Foerster,  loc.  cit.  /  Gruber,  "  Ueber  angeborne  Defecte  der 
Hand:"  "Arch.  f.  Anat.  u.  Phys.,"  1863  ;  Voigt,  "Ueber  congenitalen 
Radiusdefect:"  "Arch.  d.  Heilk.,"  1863;  Julliard,  "Sympodia:"  "Gaz. 
med.  de  Paris,"  1869.  Many  cases  of  malformation  of  the  limbs  have 
been  attributable  to  constriction  and  even  amputation  by  folds  or  bands 
of  the  fcetal  membranes,  or  by  loops  of  the  umbilical  cord.  Compare 
Abelin  and    Blix,   "  Jahresber.   der   gesammt.    Med.,"   1863  ;    Bambeke, 
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"  Annal.  de  la  Societe  de  Med.  de  Gand,"  1861  ;  Baker  Brown,  "  Ob- 
stetrical Transactions,"  viii.,  1867.  Dareste  explains  the  formation  of 
the  siren-monster  by  supposing  that  the  tail-fold  of  the  amnion  has 
pressed  too  tightly  on  the  caudal  end  of  the  embryo.] 

c.  Malformations  and  Malpositions  of  the  Organs. 

11.  We  have  seen  that  the  form  of  the  body  as  a  whole  is  liable  to 
manifold  irregularities,  resulting  from  disturbances  in  its  development. 
The  several  organs  may  likewise,  and  from  like  causes,  deviate  in  form 
and  structure  from  the  normal.  Especially  is  this  the  case  with  the 
genital  organs  and  with  the  heart,  which  very  often  exhibit  anomalies 
depending  on  arrested  development.  But  malformations  affecting  the 
alimentary  canal,  the  kidneys,  the  lungs,  or  the  brain,  are  by  no  means 
rare.  These  will  more  naturally  fall  to  be  discussed  in  connection  with 
the  pathological  anatomy  of  the  respective  organs. 

Very  frequently,  too,  we  meet  with  malposition  of  the  organs.  This 
reaches  its  highest  degree  in  the  so-called  Situs  transversus  (or  inversits) 
viscerum ,'  this  is  a  right-and-left  reversal  of  the  viscera,  the  contents  of 
the  thorax  and  abdomen  being  transposed  as  if  reflected  in  a  mirror.  It 
occurs  in  single  as  well  as  in  double  monsters. 

But  apart  from  the  viscera,  malpositions  also  occur  in  connection  with 
the  extremities.  Under  this  head  must  specially  be  mentioned  congen- 
ital dislocations,  or  displacements  of  the  articular  ends  of  bones  from 
their  sockets  ;  and  also  abnormal  positions  of  the  feet,  the  hands  being 
less  often  misplaced. 

According  to  the  position  of  the  foot  we  distinguish  four  types  : 

(1)  Pes  varus  (commonly  though  less  strictly  called  Talipes  varus), 
or  club-foot.  The  inner  border  of  the  foot  is  directed  upward,  the  outer 
downward  ;  the  heels  inward  ;  the  astragalus  projects  strongly  outward  ; 
the  scaphoid  bone  lies  beneath  the  inner  malleolus.  The  calf-muscles  and 
tendo-Achillis  are  shortened. 

(2)  Pes  valgus,  or  flat-foot.  The  outer  border  of  the  foot  is  directed 
upward,  the  inner  downward  ;  the  sole  outward.  The  peronei  and 
extensor  muscles  are  shortened. 

(3)  Pes  equinus,  or  (as  we  might  call  it)  tip-foot.  The  heel  is 
drawn  upward  ;  the  tendo-Achillis  shortened. 

(4)  Talipes  calcaneus,  or  hook-foot.  The  toes  are  drawn  up  toward 
the  front  of  the  leg.  The  tibialis  anticus,  the  peroneus  longus  and 
brevis,  and  the  extensors,  are  shortened. 

[References  on  Situs  transversus : — K.  E.  Von  Baer,  "  Entwickel- 
angsgeschichte,  i.,  p.  51  ;  Valsuani,  "Annali  univ.  di  med.,"  February, 
1869  ;  Gruber,  "Arch.  f.  Anat.  u.  Phys.,"1865;  Buhl,  "  Mittheil.  Munch- 
ner  pathol.  Inst.,"  1878  ;  Hickman,"^  "  Trans.  Path.  Soc,"  1869  ;  Valli- 
enne,  "  Etude  sur  les  transpositions  viscerales,"  Paris,  1881. 
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Transposition  of  the  abdominal  viscera  alone  is  much  more  uncom- 
mon than  complete  transposition  of  all  the  viscera. 

References  on  Congenital  Dislocation:  Hueter,  "  Gelenkkrankheiten," 
second  edition  ;  Konig,  "  Lehrb.  der  Chirurgie,"  ii.  ;  Grawitz,  "  Virchow 
Archiv,"  vol.  Ixxiv.  ;  Kronlein,  "  Deutsche  Chirurgie,"  part  26,  1882. 

The  ordinary  surgical  text-books  give  details  concerning  the  various 
congenital  deformities  of  the  hands  and  feet.  On  the  genesis  of  club- 
foot see  "Adams's  Jacksonian  Essay,"  London,  1873.] 


CHAPTER  III. 
DOUBLE  M0N8TE0SITIES  AND  MALFOEMATIONS. 

a.    Cleavage  Affecting  the  Undifferentiated  Embryo. 

a.   Complete  Cleavage  of  the  Axial  Structures. 

12.  Forms  in  which  the  development  of  the  segments  is  equal. 

(1)  Homologous  t'winsj  these  are  produced  when  the  development 
of  the  divided  rudimental  embryos  goes  on  without  check  or  hindrance. 
Homologous  twins  are  always  of  the  same  sex.  Each  twin  is  enclosed 
in  its  own  amnion,  though  portions  of  the  membranes  may  disappear 
where  the  two  are  in  contact.  The  placenta  is  almost  always  single  and 
common. 

(2)  Thoracopagi.  If  the  two  rudimental  embryos  lie  near  or  in  con- 
tact with  each  other,  a  double  monster  may  result.  If  portions  of  the 
trunk,  that  is  of  the  thorax  or  abdomen,  are  coalescent,  the  monster  is 
described  as  Thoracopagus.  As  the  umbilicus  and  umbilical  cord  are 
single  and  common,  the  term  Omphalopagus  is  sometimes  applied  to  it. 
The  various  forms  of  this  monstrosity  are  named  from  the  extent  to 
which  coalescence  is  carried. 

Xiphopagi  are  those  in  which  the  ensiform  processes  are  united  by  a 
cartilaginous  bridge.  The  peritoneum  passes  for  some  distance  into  the 
connecting  structure  (the  well-known  Siamese  twins  were  xiphopagi). 

Sternopagi  are  xiphopagi  with  a  common  thoracic  cavity.  The  ster- 
num may  be  double  or  single  ;  the  heart  also  double  or  single,  in  which 
latter  case  it  is  malformed  ;  the  alimentary  canal  is  in  part  common  ;  the 
liver  double,  though  the  two  organs  are  connected  by  processes  of  gland- 
substance.  Two  of  the  upper  limbs  may  be  coalescent  {Thoracopagus 
trihrachius),  or  two  lower  limbs  and  the  pelves  {Th.  tripus).  If  the 
heads  as  well  as  the  breasts  and  bellies  have  coalesced,  we  have  a  Prosopo- 
thoracopagus, Cephalo-thoracopagus,  or  Syncephalus.  If  a  face  be 
formed  on  the  posterior  aspect  of  the  head  as  well  as  on  the  anterior,  the 
monster  is  described  as  Janus-headed  or  Janiceps.  Generally  one  of  the 
faces  is  a  mere  rudiment  {Janiceps  asymmetros).  The  liver  of  the  right- 
hand  twin  is  usually  "  perverted "  in  position  ;  more  rarely  this  is  the 
case  with  the  other  viscera  also,  Thoracopagi  are  the  commonest  kind 
of  double  monsters. 
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(3)  CraniopagUS  is  a  pair  of  twins  whose  heads  are  adherent.  They 
are  disting-uished  as  frontal,  parietal,  or  occipital  according  to  the  local- 
ity of  the  adhesion.     They  are  rare. 

(4)  Ischiopagus  is  a  monstrosity  in  which  the  twins  are  united  only 
at  the  pelvis.      The  spinal  column  and  pelvis  is  duplicated,  but  the  latter 
forms  but  a  single  wide  girdle  of  bono,  in  which  the  two  sacra  are  at  op-  , 
posite  sides.     This  double  pelvis  carries  two  or  four  limbs.     The  trunks 
arise  distinct  and  bent  away  from  each  other. 

[In  preparing  this  systematic  survey  of  the  double  monstrosities  use 
has  been  made  chiefly  of  Ahlfeld's  work,  "  Die  Missbildungen  des  Men- 
schen,"  Leipzig,  1880,  and  of  the  chapter  in  Perls's  "  Allgemeine  Pathol- 
ogic."    Both  treatises  give  references  to  the  literature  of  the  subject. 

The  genesis  of  all  these  double  forms  seems  most  easily  explained  by 
supposing  that  two  embryonic  areas  are  formed  on  the  surface  of  a  single 
blastodermic  vesicle,  and  that  these  as  they  grow  come  into  contact  and 
coalesce  at  some  part  or  other  of  their  periphery.] 

13.  Forms  in  vphich  the  development  of  the  segments  is  unequal. 

These  forms  fall  into  two  groups.  In  the  first,  the  nutrition  of  one 
twin  is  somehow  cut  off,  and  it  dies  without  alteration  of  its  external 
form.  In  the  second  group,  the  nutriment  of  one  twin  is  derived  from 
the  other.  As  a  result  the  form  of  the  first  or  parasitic  twin  is  more 
or  less  affected.  The  parasite  may  be  more  or  less  intimately  incorpo- 
rated -with,  the  "  autosite "  or  host,  as  the  foetus  is  termed  which  finds 
nutriment  both  for  itself  and  its  neighbor.  Or  again,  the  parasite  may 
be  connected  only  with  the  placenta  of  the  autosite.  The  following 
varieties  have  been  distinguished. 

(1)  FcEtus  papyraeeus.  If  the  umbilical  vessels  at  their  attach- 
ment to  the  common  placenta  come  too  close  to  each  other,  arterial  anas- 
tomoses are  formed  between  them  ;  the  blood-current  in  one  system  may 
become  more  powerful  than  in  the  other,  and  thus  the  main  stream  is 
diverted  toward  the  more  powerful.  The  circulation  in  one  of  the  foetuses 
is  checked,  and  that  foetus  sooner  or  later  perishes.  The  secretion  of  its 
liquor  amnii  ceases  at  the  same  time.  The  dead  foetus  becomes  more 
and  more  compressed  by  the  growing  one,  and  may  ultimately  become 
reduced  to  a  thin  flattened  remnant.  In  other  cases,  the  death  of  one  of 
the  foetuses  is  determined  by  hemorrhage  into  the  villi  of  the  chorion,  or 
by  torsion,  knotting,  or  compression  of  the  umbilical  cord. 

(3)  Acardiacus.  This  is  a  monster  devoid  of  a  heart  ;  it  is  always 
very  imperfectly  developed.  The  rudimentary  foetus  is  either  free,  and 
connected  with  the  well-developed  one  only  through  the  placenta  ;  or  it 
is  adherent  to  the  well-developed  one  and  blended  with  it  to  a  greater  or 
less  extent  (cf.  Teratoma).  In  the  first  case  the  acardiac  twin  is  in  fact 
an  allantoid  or  placental  parasite  ;  its  umbilical  vessels  are  connected 
with  those  of  its  host,  and  its  blood  is  kept  in  circulation  by  the  host's 
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heart.  According  to  Claudius,  Foerster,  Ahlfeld,  and  others,  the  mon- 
strosity results  from  the  later  development  of  the  allantois  in  one  foetus 
than  in  the  other.  The  retarded  allantois  is  prevented  from  reaching 
the  chorion,  and  is  compelled  to  insert  itself  into  the  expansion  of  the 
other  allantois.  The  course  of  the  circulation  in  the  parasite  being  in- 
verted, its  heart  is  either  w^anting  or  rudimentary.  The  lungs,  trachea, 
pericardium,  diaphragm,  sternum,  vertebral  bodies,  and  ribs,  are  absent 
or  undeveloped  ;  as  are  also  the  liver  and  the  upper  limbs.  The  only  or- 
gans which  are  fairly  developed  are,  at  most,  those  of  the  abdomen  and 
pelvis.  We  frequently  find  in  such  cases  an  over-development  of  the  sub- 
cutaneous connective  tissue,  giving  rise  to  shapeless  unorganized  masses 
or  tumors. 

The  different  varieties  of  acardiac  monsters  are 

(a)  Acardiacus  ainorphus.  This  form  is  rare,  and  consists  of  a 
shapeless  lump  covered  over  v?ith  skin  and  containing  mere  rudiments  of 
organs. 

(V)  A.  acormus.  Head  developed  ;  thorax  and  abdomen  absent  or 
rudimentary.     Very  rare. 

((?)  A.  acephalus.  Head  absent  ;  thorax  rudimentary  ;  pelvis  and  at- 
tached members  developed.     This  is  the  commonest  variety. 

(c?)  A.  anceps.  Trunk  vpell  developed  ;  head  and  limbs  rudimentary  ; 
heart  also  rudimentary.     Rare. 

(3)  Thoracopagus  parasiticus.  Should  one  of  the  fcBtuses  of  a 
thoracopagous  monster  be  imperfectly  developed,  it  will  hang  from  the 
other  in  the  form  of  a  mere  stunted  appendage.  The  parasite  is  con- 
nected with  the  autosite  by  the  ensiform  cartilage,  and  the  abdominal 
wall  as  far  as  the  umbilicus  ;  it  is  therefore  often  spoken  of  as  Epigas- 
trius.  It  is  seldom  completely  developed,  i.e.,  provided  with  all  its  mem- 
bers. In  the  majority  of  the  cases  on  record,  the  parasite  has  been  an 
Acardiacus  acephalus  or  acormus,  and  its  vascular  system  a  mere  out- 
lying region  or  extension  of  the  host's.     This  monstrosity  is  very  rare. 

(4)  Epignathus.  This  is  an  amorphous  acardiac  monster  connected 
with  the  mouth-cavity  of  the  well-developed  twin-foetus.  From  this 
cavity  protrudes  a  shapeless  skin-covered  mass,  made  up  of  cartilage, 
connective  tissue,  gland-tissue,  brain-substance,  teeth,  bones,  intestinal 
elements,  muscles,  skin,  and  foetal  down.  In  very  rare  instances  the  epi- 
gnathus is  attached  to  some  other  region,  such  as  the  orbit. 

(5)  Teratoma.  Teratomata  are  tumor-like  formations  which  are 
made  up  of  a  great  variety  of  very  different  tissues,  and  so  are  distin- 
guished from  ordinary  new-growths.  Some  of  them  contain  rudimentary 
skeletal  elements,  such  as  those  of  the  spine,  pelvis,  etc.;  as  well  as  rudi- 
ments of  various  organs,  like  the  brain,  intestine,  different  glands,  kid- 
neys, and  muscles.  Others  contain  tissue-formations  of  various  kinds, 
such  as  muscular  tissue,  cartilage,  skin,  bony  substance,  gland-tissue, 
cysts,  etc.;  but  no  definitely  formed  masses  which  can  be  regarded  as 
representing  any  special  organ  or  member.     The  former  tumors   are  un- 
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doubtedly  to  be  viewed  as  remnants  of  parasitic  foetuses  which  have 
failed  altogetlier  to  develop  ;  they  are  in  fact  Acardiaci  amorjjlii  iuvery 
close  relation  with  the  well-developed  twin.  With  regard  to  the  latter 
class  of  tumors,  this  view  is  not  so  certain.  It  is  more  likely  that  they 
depend  in  part  for  their  origin  on  some  disturbance  or  arrest  of  the  de- 
velopment of  a  single  foetus,  or  on  an  aberration  m  gerniine  (cf.  Etiology 
of  Tumors,  Arts.  178,  179). 

Regarded  thus,  the  monstrosities  Epigastrhis  and  Epignathus  become 
teratomata  whenever  the  degree  to  which  they  are  developed  is  less  than 
a  certain  limit.  Teratomata  occur,  however,  most  commonly  in  the  form 
of  large  tumors  attached  to  the  extremity  of  the  coccyx  ;  they  are  then 
spoken  of  as  sacral  teratomata,  or  teratoid  sacral  tumors.  If  the  out- 
ward shape  suggests  that  of  a  foetus  or  a  part  of  one,  it  is  not  hard  to 
diagnose  the  case  as  an  unequal  form  of  double  monstrosity.  This  is 
described  as  Epipygus  (see  Art.  14).  When  the  tumor  is  of  no  defi- 
nite shape,  the  diagnosis  is  not  so  obvious.  In  this  case  anatomical 
examination  alone  can  settle  the  question,  according  to  the  principles 
just  laid  down.  It  is  not  to  be  forgotten,  however,  that  new-born  infants 
are  liable  to  have  tumors  of  the  sacral  region,  which  are  not  unlike  tera- 
tomata, but  which  are  really  of  the  ordinary  fibroid  (or  it  may  be  the  epi- 
thelial) kind. 

(G)  Inclusio  foetalis.  In  the  form  of  foetal  parasitism  just  described, 
it  usually  happens  that  the  parasite  is  more  or  less  included  and  over- 
grown by  some  of  the  tissues  of  the  autosite.  This  inclusion  maybe  car- 
ried to  a  still  greater  extent.  Teratoid  tumors  may  be  so  completely  en- 
veloped by  the  body  of  their  host,  that  they  may  be  scarcely  or  not  at  all 
perceptible  upon  the  exterior.  This  form  of  parasitism  is  spoken  of  p)ar 
excellence  as  Inclusion.  According  to  the  region  in  which  the  teratoma 
is  enclosed  we  distinguish  the  varieties  : 

(a)  Inclusio  abdominalis  (or  Engastrius). 

(b)  Inclusio  suhciitanea. 

(c)  Inclusio  mecliastinalis. 

id)  Inclusio  cerehralis  (or  Teratoma  glandulw  pinealis). 

(e)  Inclusio  testiculi  et  ovaiHi. 

What  has  above  been  said  of  the  teratomata  applies  also  to  these  inclu- 
sions. In  most  cases  so  described,  we  have  to  do  not  with  the  enclosure 
of  one  foetus  by  another,  but  with  a  pathological  growth  within  the  body 
of  a  single  aberrant  foetus. 

[Perls  has  brought  together  the  literature  of  acardiac  monstrosities  in 
his  "  Allgemeine  Pathologie,"  Part  ii.,  p.  319.  The  above  theory  concern- 
ing their  origin,  put  forward  by  Claudius  ("  Die  Entwickelung  der  herz- 
losen  Missgeburten,"  Kiel,  1859),  and  accepted  by  Foerster  and  Ahlfeld,  is 
held  by  Perls  to  be  inadequate.  He  thinks  with  Panum  ("  Virch.  Arch.," 
vol.  Ixxii.)  that  one  twin-foetus  may  be  seriously  mutilated  by  constricting 
bands  derived  from  the  m.embranes,  or  by  the  funis  ;  that  anastomoses  may 
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be  formed  between  its  umbilical  vessels  and  the  placental  circulation  of  the 
uninjured  twin  ;  and  that  thereupon  the  latter  may,  as  it  were,  undertake 
the  nutrition  of  the  mutilated  twin,  which  thus  assumes  the  condition  of 
a  parasite.  In  support  of  this  view  he  refers  to  an  observation  of  Orth's 
("  Virch.  Arch.,"  vol.  liv.),  who  remarks  that  even  a  decapitated  foetus  has 
in  some  such  way  continued  to  grow.  See  also  Houston,  Dublin  Medical 
Journal,  1836. 

Ahlfeld  brings  together  the  literature  of  Epignathus  in  the  "  Archiv 
fiir  Gynakologie,"  vii.  Since  then  papers  on  the  subject  have  been  pub- 
lished by  Sonnenburg  ("  Zeitschrift  f.  Chir.,"  v.)  ;  Verneuil  ("  Jahresb. 
der  ges.  Med.,"  1875)  ;  Wasserthal  ("  Epignathus,"  Inaug.  Diss.,  Dorpat, 
1875)  ;  and  others. 

With  respect  to  teratomata  the  following  references  may  be  given — 
Virchow,  "  Virch.  Arch.,"  vol.  liii.  (Terat.  of  the  Mediastinum)  ;  Arnold, 
"'Virch.  Arch.,"  vol.  xliii.  (Terat.  of  the  Cranial  Cavity)  ;  Weigert, 
"Virch  Arch.,"  vol.  Ixv.  (Terat.  of  the  Pineal  Gland)  ;  Braune,  "  Doppel- 
bildungund  angeborne  Geschwiilste  der  Kreuzbeingegend,"  1862.  With 
special  reference  to  sacral  teratomata  see  Depaul,  "  Jahresb.  der  ges, 
Med.,"  1869;  Reichel,  «' Virch.  Arch.,"  vol.  xlvi.;  Liitkemiiller  "  Oest- 
reich  med.  Jahrb.,"  1875  ;  Bohm,  "Berlin,  klin.  Woch.,"  1872;  Ahlfeld, 
"  Arch.  f.  Gynak.,"  viii.,  xii.] 


&.  Partial  Cleavage  of  the  Axial  Structures. 

14.  Duplieitas  anterior.  The  later  the  cleavage  of  the  rudimental 
embryo  is  in  appearing,  the  less  extensive  are  its  consequences.  It  may 
thus  happen  that  part  at  least  of  the  axis  of  the  embryo  remains  un- 
divided. Cleavages  of  the  cephalic  end  [DiqMcitas  anterior)  are  the 
most  common  ;  those  of  the  caudal  end  are  rare.  The  slightest  degree 
of  anterior  cleavage  is  indicated  by  duplication  of  the  pituitary  body. 
Next  in  degree  come  the  clefts  of  the  face  [Diprosopus),  of  which  there 
are  numerous  varieties  gradually  increasing  in  severity  from  mere  dupli- 
cation of  the  mouth-cavity  to  the  formation  of  two  distinct  and  complete 
faces  [Diprosopus  distomus,  diophthalmus,  triophthalmus,  tetrophthal- 
mus,  triotus,  tetrotus). 

DicepTialus  is  a  monstrosity  consisting  in  duplication  of  the  head  and 
upper  part  of  the  vertebral  column,  and  is  either  dibrachius,  tribrachiiis 
or  tetrabrachius.  The  latter  form  has  two  hearts  and  two  pairs  of  lungs, 
and  is  capable  of  living. 

Dicephalus  parasiticus  is  very  rare.  The  stunted  foetus  has  alwaj-s 
a  part  of  its  vertebral  column  in  common  with  the  full-grown  one. 

The  highest  degree  of  anterior  cleavage  is  called  Pygopagus.  The 
twins  are  then  united  solely  by  the  sacrum  and  coccyx.  The  urinary  and 
sexual  organs  may  be  either  single  or  double.  The  equal  form  of  this 
monstrosity  is  somewhat   uncommon  ;  the   twins  are   capable  of   living. 
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The  unequal  form  is  more  common,  if  we  may  regard  as  pygopagi  some  of 
the  monsters  described  above  (Art.  13)  as  epipygi  and  sacral  teratomata. 

[A  pair  of  living  pygopagous  twins,  born  in  South  Carolina  in  1851, 
has  been  exhibited  as  "  the  two-headed  nightingale."  An  anatomical 
description  will  be  found  in  the  British  Medical  Journal,  18G9,  by 
Simpson,  and  in  the  "  Berl.  klin.  Woch.,"  1873,  by  Virchow.  The 
cavities  of  the  pelves  were  completely  distinct,  the  sacra'  region  alone 
being  common.] 

15.  Duplicitas  posterior.  A  monster  in  which  the  pelvis  and 
lumbar  portion  of  the  spinal  column  are  duplicated  is  described  as 
Dipygus.  The  duplicated  parts  are  very  seldom  equally  developed  ; 
much  more  commonly  one  remains  rudimentary  {^Dipygus  parasiticus). 
In  the  slighter  cases  of  this  malformation,  only  individual  parts  of  the 
pelvic  bones  or  contents  are  duplicated.  The  lower  extremities  are 
duplicated,  or  there  are  but  three  of  them  {Polymelia).  If  the  rudimen- 
tary pelvis  is  not  visible  externally,  the  supernumerary  limb  looks  as  if  it 
sprang  from  a  normal  pelvis.     It  is  usually  very  ill  developed. 

J'.  Multiple  Cleavage,  and  Overgrowth  of  the  Entire  Body. 

16.  Homologous  triplets  are  produced  when  the  rudimental  embryo 
has  undergone  a  complete  threefold  cleavage,  and  its  subsequent  develop- 
ment has  been  unchecked.  They  lie  inside  a  single  chorion,  and  the  amnion 
may  also  be  single  ;  though  cases  occur  where  each  foetus  has  its  own 
amnion.  Frequently  one  or  two  of  the  triplets  are  malformed  [Acar- 
diacus).  In  consequence  of  a  second  partial  cleavage  in  an  embryo 
already  completely  divided,  there  may  be  formed  a  double  monster 
together  with  a  single  ordinary  fcBtus — the  whole  being  enclosed  in  a 
single  chorion.     This  combination  is  not  infrequent. 

Tricephali,  or  three-headed  monsters,  arise  from  a  second  partial 
cleavage  of  an  embryo  already  partially  cleft  ;  they  are  extremely  rare. 
Of  multiple  cleavage  occurring  at  both  extremities  of  the  embryo  only  a 
single  instance  is  on  record. 

If  the  rudimentary  embryo  is  of  abnormal  size,  and  undergoes  no 
form  of  cleavage,  the  entire  body  becomes  excessively  developed.  New- 
born infants  weighing  as  much  as  ten  kilogrammes  (twenty-two  pounds) 
have  been  met  with.  In  other  instances,  the  abnormally  rapid  or  exces- 
sive growth  has  not  begun  until  after  birth. 

b.    Cleavage  affecting  the  Rudiments  of  Particular  Parts ;   Congenital 

Hypertrophy. 

17.  Cleavages  affecting  the  rudiments  of  separate  organs,  and  the 
multiplication  of  these  organs  or  their  elements  which  ensues,  vary  in 
significance  according  to  their  mode  of  origin.     Some  of  them  must  be 
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regarded  as  conditioned  by  mechanical  influences.  Others  are  demon- 
strably due  to  heredity.  Others  still  are  referable  to  atavism,  or  the 
tendency  of  a  higher  type  to  revert  to  the  organization  of  a  lower. 

(1)  Duplication  in  the  limbs.  Cleavage  of  an  entire  limb,  with- 
out duplication  in  the  limb-girdle,  has  not  been  observed  in  the  human 
species.  Duplication  of  hands  or  feet  is  very  rare.  On  the  other  hand, 
the  duplication  of  lingers  or  toes  (jpolydactylisni)  is  a  very  common  oc- 
currence. The  additional  member  is  sometimes  a  mere  appendage  of 
skin  ;  in  other  cases  it  contains  bones,  and  has  the  form  of  a  perfect 
digit.  The  number  of  fingers  on  one  hand  may  be  as  high  as  ten. 
Cleavage  affecting  the  carpal  or  tarsal  bones  is  rare. 

(2)  Duplication  of  the  mammary  glands  {Polymastia).  This 
occurs  not  very  infrequently,  and  in  men  as  well  as  women.  The  super- 
numerary mamma  may  lie  close  beside  the  normal  one  ;  or  it  may  be 
remote,  having  its  seat  on  the  abdomen,  groin,  or  shoulder,  at  times  even 
on  the  back.  Double  nipples  are  less  often  met  with  than  supernumerary 
mammae. 

[See  Leichtenstern  ("  Virch.  Arch.,"  vol.  Ixxiii,),  and  Mitchell  Bruce 
{Journal  of  Anatomy,  1879).] 

(3)  Supernumerary  hones  and  muscles.  These  are  very  com- 
mon. Extra  vertebrae  may  occur  in  any  region  of  the  spinal  column. 
Connected  with  the  coccyx  they  may  give  rise  to  a  tail-like  appendage, 
though  all  so-called  tails  are  not  referable  to  multiplication  of  vertebree. 

Multiplication  of  the  ribs  (by  the  formation  of  cervical  or  lumbar  ribs), 
and  bifurcation  of  the  ribs,  are  not  infrequent. 

Multiplication  of  the  teeth  is  no  rare  occurrence. 

[On  supernumerary  vertebrEe  and  ribs  see  Welcker  ("  Arch.  f.  Anat.," 
1881),  Struthers  {Journal  of  Anatomy,  1875),  and  Turner  {Journal  of 
Anatomy,  1870).  On  so-called  tails  see  Ecker  ("  Arch.  f.  Anthrop.,"  xi.), 
and  Leo  Gerlach  ("  Morphol.  Jahrb.,"  vi.).] 

(4)  Duplication  (or  multiplication)  of  the  thoracic  and  abdominal 
viscera.  This  is  commonest  in  the  cases  of  the  spleen,  pancreas,  ure- 
ter, and  pelvis  of  the  kidney.  It  is  rare  in  the  lungs,  ovaries,  liver,  kid- 
neys, testes,  and  bladder. 

18.  Congenital  hypertrophy,  or  excessive  growth  of  individual 
parts.  Abnormal  enlargement  of  one  side  only  has  more  than  once  been 
observed.  Excessive  size  of  the  head  without  hydrocephalus  is  rare, 
whether  symmetrical  or  unilateral.  Undue  enlargement  of  one  limb  or 
part  of  a  limb  is  more  common.  A  hand  or  foot,  a  finger  or  toe,  may 
thus  grow  to  an  excessive  degree  and  so  give  rise  to  very  serious  defor- 
mity. The  symptoms  of  excessive  growth  are  generally  apparent  at 
birth.     Sometimes  the  effect  depends  on  a  general  hypertrophy  of  all  the 
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elements  of  the  member,  sometimes  on  a  mere  over-development  of  adi- 
pose tissue. 

Like  the  limbs,  other  organs  also  may  reach  abnormal  dimensions  by 
augmentation  of  their  normal  elements.  This  is  the  case  with  the  thyroid 
gland,  the  tongue,  the  mammse,  the  kidneys,  the  bladder,  the  uterus,  the 
clitoris,  the  labia  pudendi,  and  the  penis. 

[Full  references  to  the  literature  of  congenital  hypertrophy  are  given 
in  Kessler's  "  Inaugural-dissertation  iiber  einen  Fall  von  Macropodia 
lipomatosa,"  Halle,  18G9.  Compare  also  Raid  i^Montldy  Journal  Medical 
Science,  1843)  ;  Curling  ("  Medico-Ciiirurgical  Trans.,"  xxviii.)  ;  Trelat  and 
Monod  ("De  I'hypertrophie  unilaterale  :  "  "Arch.  gen.  de  med.,"  1869)  ; 
Friedreich  ("  Congenital  Unilateral  Hypertrophy  of  the  Head  :"  "  Virch. 
Arch.,"  vol.  xxviii.).  Cases  of  congenital  hypertrophy  of  the  limbs  are 
reported  by  Busch  ("  Arch.  f.  klin.  Chir.,"  vii.)  ;  Freidberg  ("Virch. 
Arch.,"  vol.  xl.)  ;  Little  ("Trans.  Path.  Soc,"  1866)  ;  Fischer  ("  Der 
Riesenwuchs  :  "  "Deutsche  Zeitsch.  f.  Chir.,"  1880);  Anderson  {St. 
Thomas's  Hospital  Reports,  London,  1882).  A  good  instance  of  hered- 
itary polydactylism  is  given  by  Lucas,  Guy^s  Hospital  Reports,  London, 
188L] 
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CHAPTER  lY. 

ANOMALIES  IN  THE  DISTKIBUTION  OF  THE  BLOOD  WITHIN  THE 
VESSELS— HYPEE^MIA   AND   ANEMIA. 

19.  It  is  the  office  of  the  blood  to  convey  nutriment  to  the  organs  and 
tissues.  The  cells  and  cellular  structures,  of  which  these  are  built  up, 
cannot  long  continue  to  exist  unless  they  are  kept  supplied  with  fresh 
nutriment.  For  this  reason  most  tissues  are  furnished  with  blood-vessels, 
and  those  which  are  not  so  furnished  are  in  intimate  relation  with  others 
which  are. 

The  demand  for  blood  on  the  part  of  a  tissue  is  not  at  all  times  equally 
great.  Hence  the  supply  may  also  undergo  a  corresponding  increase  or 
diminution,  and  with  the  incoming  supply  varies  also  the  amount  of  blood 
actually  present  in  the  tissue.  If  a  vascular  organ  happen  thus  to  con- 
tain an  unusually  large  amount  of  blood  it  is  called  hypereeinie ;  if  it 
contains  less  than  usual  it  is  anasinic. 

The  regulation  of  the  amount  of  blood,  which  an  organ  receives  under 
physiological  conditions,  is  effected  by  modifying  the  resistances  offered 
by  the  arterial  system.  This  modification  of  the  resistances  again  is  ef- 
fected simply  by  means  of  changes  in  the  calibre  of  the  arteries.  The 
quantity  of  blood  contained  in  the  entire  body  is  insufficient  to  fill  all  the 
vessels  at  the  same  time.  It  is  thus  possible  to  increase  the  supply  to  any 
one  organ  only  by  diminishing  the  amount  sent  in  other  directions.  The 
calibre  of  the  arteries  is  altered  by  help  of  the  elasticity  of  their  walls  and 
the  contractility  of  their  intrinsic  non-striated  muscles,  and  this  apart 
from  the  action  of  changes  in  the  blood- pressure  otherwise  conditioned. 
The  intrinsic  muscles  of  the  arterial  wall  constitute  the  active  regulating 
element.  Their  activity  is  dependent  partly  upon  influences  which  di- 
rectly affect  them,  and  partly  upon  nervous  impulses.  These  latter  are 
transmitted  to  them  from  centres  some  of  which  are  intravascular,  and 
some  situated  in  the  medulla  oblongata.  They  may  act  so  as  to  contract 
the  vessels,  or  to  dilate  them,  as  the  case  may  be. 

If  the  amount  of  blood  in  an  organ  deviates  beyond  the  physiological 
limit  from  the  mean  or  usual  amount  ;  or  if  there  is  a  deviation  depend- 
ent on  factors  other  than  the  physiological  ones  ;  or  if  a  deviation  persists 
for  an  undue  length  of  time,  we  have  to  do  with  a  hypersemia  or  anasmia 
which   is   pathological.      Such    pathological    deviations   are  produced   by 
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agencies   only  in   part   identical   "with    those   which  regulate  the  normal 
blood-supply  of  the  organ. 

[In  this  book,  which  deals  with  pathology,  we  can  only  sketch  in  the 
broadest  outline  the  general  physiology  of  the  circulation.  For  further 
details  we  refer  the  reader  to  the  chapters  on  the  subject  in  the  classical 
work  of  Cohnheim  ("  Vorlesungen  tiber  allgemeine  Pathologic,"  second 
edition,  Berlin,  1882).  Many  of  the  physiological  remarks  in  the  text 
are  derived  from  these  chapters.  A  summary  of  the  main  facts  will  be 
found  in  Foster's  "  Text-book  of  Physiology."] 

20.  Hyperaemia  of  an  organ  shows  itself  to  the  eye  as  a  more  or  less 
intense  reddening  and  turgescence.  The  redness  will  be  bright  or  dark 
(livid)  according  as  the  contained  blood  is  rich  or  poor  in  ox3^gen.  In 
organs  which  are  themselves  strongly  colored,  the  redness  may  be  more 
or  less  masked,  and  its  exact  tint  modified. 

The  reddening  and  turgescence  are  produced  simply  by  the  dilatation 
of  the  blood-vessels  of  the  part,  and  their  repletion  with  blood. 

Hypersemia  is  not  easily  observed  in  the  dead  body  ;  what  is  seen 
represents  at  best  but  partially  the  degree  of  hypersemia  which  may  have 
been  present  during  life  ;  and  that  only  in  some  organs.  At  death  the 
greater  number  of  the  vessels,  and  especially  the  arteries  and  capillaries, 
empty  themselves  of  their  contents.  This  is  partly  due  to  the  contrac- 
tion of  their  walls  ;  partly  to  the  rigor  mortis  of  the  tissues  in  which  tliey 
have  their  course.  The  contraction  of  rigor  presses  out  the  blood  con- 
tained in  them  much  as  the  pressure  of  the  finger  makes  a  reddened 
hypersemic  spot  become  pale. 

It  may  thus  cnme  to  pass  that  a  membrane,  which  during  life  was 
hypersemic  arid  red,  may  after  death  appear  pale  and  colorless.  Or  the 
only  reminder  of  the  pre-existing  hyperaemia  may  consist  of  engorged 
veins  and  venules,  which,  on  mucous  membranes  at  least,  run  in  purple 
branching  tree-like  courses  over  the  surface. 

21.  Hypertemia  may  be  either  active  (congestive)  or  passive  (mechan- 
ical). The  first  form  depends  on  increased  flow  of  blood  to  the  part,  or 
congestion ;  the  second  on  diminished  flow  from  the  part,  producing 
engorgement. 

Active  hyperaemia  is  either  idiopathic  or  collateral.  The  former 
is  the  more  important,  and  depends  on  a  relaxation  of  the  muscular  fibres 
of  the  arteries.  This  relaxation  is  brought  about  by  paresis  of  the  vaso 
motor's  ;  or  by  stimulation  of  the  vaso-dilators  ;  or  it  may  be  by  direct 
weakening  or  paralysis  of  the  muscular  fibres  themselves  (such  for  example 
as  is  produced  by  heat,  contusion,  or  atropia).  Collateral  hyperaemia  is 
merely  the  consequence  of  diminished  blood-supply  to  some  other  part. 
It  ensues  first  in  the  immediate  neighborhood  of  the  anaemic  part  ;  but 
afterward  the  diverted  blood  may  be  conveyed  to  more  remote  organs, 
which  happen  to  stand  in  need  of  it. 
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The  causes  of  passive  hyperaemia  are  of  a  different  kind.  The 
veins  are  normally  devoid  of  tonus.  The  resistances  offered  to  the  ven- 
ous blood-current  are  chiefly  due  to  gravitation.  They  are  chiefly  over- 
come by  means  of  the  action  of  the  muscles  ;  in  part  also  by  the  aspira- 
tion toward  the  thorax  which  takes  place  during  inspiration.  When  the 
muscles  are  inactive  and  the  respiration  feeble,  these  important  forces 
are  no  longer  available  ;  the  blood  then  tends  to  stagnate  in  the  veins, 
and  collects  especially  in  those  parts  which  are  most  dependent.  This 
condition  is  often  misnamed  hypostasis,  or  gravitative  hyperjemia.  En- 
feebled action  of  the  heart  favors  its  appearance.  Uncompensated  val- 
vular disease  acts  in  the  same  way  ;  the  blood  is  imperfectly  propelled 
into  the  arteries,  and  so  tends  more  and  more  to  accumulate  in  the  heart 
itself  and  in  the  venous  system. 

A  further  very  common  cause  of  passive  hypersemia  is  the  interposi- 
tion of  abnormal  resistances  in  the  course  of  the  venous  current.  Of  this 
nature  are  obliteration  of  veins  by  compression,  ligature,  coagulation'  of 
the  contained  blood,  or  thickening  of  the  walls.  The  forms  of  engorge- 
ment depending  on  narrowing  or  obliteration  of  veins  are  very  various. 
Often  they  are  scarcely  or  not  at  all  perceptible,  inasmuch  as  neighboring 
veins  may  dilate  sufficiently  to  provide  for  the  complete  drainage  of  the 
part.  This  has,  however,  its  limits.  When,  for  example,  in  the  arm  the 
greater  number  of  the  great  veins  are  occluded  ;  or  when  in  the  leg  the 
femoral  vein  is  stopped  up  at  Poupart's  ligament  ;  or  again,  when  the 
main  renal  vein  is  obliterated,  it  becomes  impossible  for  the  blood  to  find 
adequate  exit  ;  the  current  becomes  slower  and  slower,  and  the  blood  goes 
on  accumulating  in  the  engorged  region.  When  the  process  is  directly 
observed  in  the  expanded  tongue  of  the  frog,  the  red  blood-cells  are  seen 
to  become  tightly  packed  together,  and  to  fill  completely  the  lumen  of 
the  dilated  veins  and  capillaries.  This  appearance  is  due  to  the  fact  that, 
as  a  consequence  of  the  engorgement,  an  increased  quantity  of  liquid 
plasma  transudes  under  pressure  from  the  vessels. 

In  the  systemic  circulation  the  engorgement  is  confined  to  the  veins 
and  capillaries  ;  the  arterial  blood-pressure  remains  unaffected  by  it.  In 
the  pulmonary  vessels,  on  the  other  hand,  where  there  is  no  very  marked 
tonus  (Cohnheim),  the  engorgement  is  propagated  through  the  arteries  to 
the  right  heart,  and  there  gives  rise  to  increased  blood-pressure. 

Congested  tissues  are  bright  red  in  color,  engorged  tissues  on  the 
other  hand  are  dark  purple  or  livid  ;  though  it  must  not  be  forgotten 
that  if  air  be  allowed  access  the  livid  color  may  speedily  change  to  a 
brighter  red. 

[True  hypersemia  must,  of  course,  not  be  confounded  with  post-mortem 

staining  of  the  tissues.  The  arteries  after  death  squeeze  out  by  the  con- 
traction of  their  walls  the  greater  part  of  the  blood  they  contain.  This 
passes  into  the  veins,  and  being  affected  by  gravity,  most  readily  into  the 
parts  that  are  lowest.      Such  a  pseudo-hyperfemia  is  called  a  hypostasis. 
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Reddened  patches  on  the  skin  due  to  such  post-mortem  movement  of  the 
blood  are  called  livores.  They  appear  three  hours  or  more  after  death, 
and  commonly  upon  the  back  and  sides  of  the  trunk  and  the  posterior 
surfaces  of  the  limbs  and  neck.  If  there  be  already  an  ante-mortem  en- 
gorgement of  these  parts,  it  will  appear  more  intensely  after  death. 

In  order  to  observe  the  process  of  the  engorgement  which  ensues  when 
the  circulation  is  disturbed,  we  may  conveniently  make  use  of  the  tongue 
or  the  foot-web  of  a  frog  which  has  been  curarized  (Cohnheim,  "  Virch, 
Arch.,"  vol.  xL).  The  object  must  be  spread  out  under  the  microscope 
on  a  proper  holder.  For  example,  the  tongue  may  very  simply  be  arranged 
by  turning  it  out  over  a  cork  ring  glued  to  the  stage  of  the  instrument,  and 
stretching  it  with  common  pins  stuck  into  the  cork.  When  the  circula- 
tion is  normal  the  pulsating  arterial  stream,  as  well  as  the  continuous  ve- 
nous stream,  are  seen  to  be  bordered  by  a  zone  of  plasma.  If  now  en- 
gorgement be  induced  by  ligature  of  the  efferent  vein  of  the  tongue,  the 
stream  becomes  slower — the  zone  of  plasma  in  the  veins  disappears — and 
both  veins  and  capillaries  become  tightly  crammed  and  dilated  with  the 
red-blood  cells  as  they  accumulate.  After  a  time  the  tongue  begins 
to  swell  up,  as  it  becomes  infiltrated  with  the  transuded  liquid. 

The  frog's  tongue  and  foot-web  are  also  very  well  adapted  for  study- 
ing the  changes  of  the  circulation  in  congestive  hyperaemia,  and  in 
anaemia.] 

22.  Pathological  ansemia  is  dependent  upon  oligaemia,  or  upon 
ischaemia.  In  oliggemia  there  is  a  general  deficiency  of  blood  through- 
out the  body  ;  the  anasmia  of  the  several  organs  is  due  less  to  defective 
distribution  by  the  vessels  than  to  the  inadequate  quantity  of  blood  they 
contain.  Ischcemia,  on  the  other  hand,  can  give  rise  only  to  local  ansemia  ; 
it  always  implies  a  diminution  of  the  blood-supply  to  the  affected  part. 
Ischaemia  may  of  course  coexist  with  oligsemia. 

Pathological  diminution  of  the  blood-supply  to  an  organ  is  often  due 
simply  to  an  abnormal  increase  of  the  normal  resistance  offered  by  the 
arterial  channels  ;  in  other  words,  to  powerful  contraction  of  the  circular 
muscular  fibres  of  the  arteries.  In  other  cases,  the  resistances  are  path- 
ological in  character  :  such  are,  for  example,  compression,  diminution  of 
the  lumen  owing  to  morbid  changes  in  the  vessel  wall,  deposits  on  the 
inner  surface  of  the  vessel,  etc. 

The  result  of  diminishing  the  calibre  of  an  artery  is,  in  the  first  in- 
stance, to  slow  and  to  weaken  the  blood-current  behind  the  constricted 
point.  If  the  artery  be  completely  occluded,  the  circulation  behind  the 
obstacle  comes  at  once  to  a  standstill.  Yet  the  later  consequences  of 
such  obstructions  to  the  circulation  are  by  no  means  always  identical. 
Everything  depends  on  tlie  question  whether  the  arteries  behind  the 
point  of  obstruction  have  anastomoses  of  fair  size  connecting  them  with 
other  arteries  ;  whether  in  fact  a  collateral  circulation  is  possible.  If  it 
be  possible,  the  disturbance  of  the  circulation  at  first  produced  is  quickly 
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compensated  by  an  increased  blood-supply  through  the  collateral  arteries. 
The  compensation  will  be  the  more  rapid  and  complete  as  the  collaterals 
are  larger  and  more  dilatable. 

The  case  is  different,  however,  when  the  obstructed  artery  has  no 
arterial  anastomoses  beyond  the  obstruction,  when  it  is  terminal,  as  it  is 
called.  The  diminution  of  the  current  beyond  the  obstruction  cannot  be 
compensated  for,  and  the  affected  region  becomes  in  the  first  instance 
nearly  or  wholly  deprived  of  blood.  This  state  of  things  may  alter  after 
a  time,  however.  When  the  movement  and  pressure  of  the  blood  beyond 
the  obstruction  have  sunk  to  a  minimum,  the  propelling  forces  become  at 
length  insufficient  to  maintain  the  flow.  The  specifically  heavier  red 
blood-cells  become  stationary,  and  accumulate  in  the  capillaries  and  veins. 
In  this  way  the  anasmic  region  becomes  again  filled  with  blood,  but  with 
blood  which  is  stagnating,  not  circulating.  The  same  thing  happens 
when  a  terminal  artery  is  completely  occluded.  The  blood  from  the 
anastomosing  capillaries  is  slowly  urged  backward  under  slight  pressure 
into  the  anfemic  region.  Finally,  there  may  be  a  reflux  from  the  veins 
themselves  sufficient  to  give  rise  to  an  accumulation  of  blood  in  the 
vessels  of  the  anaemic  region.  This  reflux  will  occur  when  in  the  latter 
vessels  the  blood-pressure  has  sunk  to  zero,  and  the  usual  resistances  to 
reversed  flow  in  the  veins  (such  as  gravity,  or  the  presence  of  valves)  are 
not  in  action. 

A  further  cause  of  anasmia  in  an  organ  may  be  the  excessive  deter- 
mination of  blood  to  other  organs.  The  entire  amount  of  blood  available 
may  thus  be  inadequate  to  supply  the  non-congested  organs.  This  is  de- 
scribed as  collateral  anaemia. 

All  anaemic  tissues  are  pale.  At  the  same  time  they  are  limp  and 
non-turgescent,  and  any  proper  color  which  they  may  possess  becomes 
well  marked. 


CHAPTER  Y. 

ANOMALIES   IN   THE    DISTEIBUTION    OF    THE   LYMPH— (EDEMA 

AND  DEOPSY. 

23.  The  Ijnnph  which  bathes  the  tissues  is  merely  a  transudation 
from  the  blood,  mingled  with  the  products  of  tissue-change.  The  trans- 
uded liquid  is  taken  up  by  the  lymphatics  from  the  lymph-spaces  of  the 
tissues,  and  carried  back  into  the  venous  system  through  the  thoracic 
duct.  Every  change  in  the  circulation,  which  determines  an  increased 
transudation  of  liquid  from  the  blood,  leads  by  consequence  to  an  in- 
creased saturation  of  the  tissues.  This  increased  saturation  is  generally 
balanced  by  an  increased  discharge  through  the  lymph-channels.  But 
this  compensating  action  has  its  limits.  If  the  transudation  from  the 
blood-vessels  still  increases,  there  at  last  comes  a  time  when  the  satura- 
tion of  the  tissues  with  liquid  can  no  longer  be  kept  down,  and  so  it  rises 
above  the  normal  degree.  The  condition  in  which  fluid  collects  in  the 
substance  of  the  tissues  is  called  cedema.  When  the  fluid  collects  in 
the  greater  cavities  of  the  body  we  have  hydrops  or  dropsy.  The 
liquid  transudation  in  cedema  and  dropsy  has  never  the  same  composition 
as  blood-plasma  ;  it  is  always  markedly  poorer  in  albumen. 

Tissues  which  are  the  seat  of  oedema  swell  up  ;  but  the  degree  of 
swelling  depends  in  great  measure  upon  the  structure  of  the  tissue.  The 
skin  and  subcutaneous  cellular  tissue  may,  in  virtue  of  their  structure, 
undergo  extreme  distention ;  an  oedematous  limb  may  thus  become 
enormously  swollen.  It  looks  pale,  is  doughy  to  the  touch,  and  "pits" 
on  pressure  with  the  finger.  It  is  customary  to  describe  oedema  of  the 
integumentary  structures  as  anasarca.  If  an  anasarcous  part  be  cut 
into,  the  fibrous  bundles  of  the  tissue  are  seen  to  be  separated  from  each 
other  by  clear  liquid,  which  trickles  away  from  the  cut  surfaces. 

Other  structures,  like  the  kidney,  are  much  less  capable  of  containing 
large  quantities  of  liquid  than  are  the  integuments.  When  an  oedemat- 
ous kidney,  therefore,  is  cut  into,  very  little  liquid  flows  from  it  ;  but  the 
cut  surface  looks  moist  and  glistening. 

The  lung  can  hold  a  very  considerable  quantity  of  liquid.  Owing  to 
its  narrow  accommodation  in  the  thorax,  it  cannot  of  course  become  very 
greatly  distended.  But  it  has  within  it  a  multitude  of  air-cavities,  and 
these  fill  with  liquid  when  cedema  invades  it.     From  these  the  liquid. 
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generally   frothy  with  air-bubbles,   may   be   squeezed   when   the   lung   is 
cut. 

The  amount  of  blood  contained  in  cedematous  tissues  is  variable,  and 
so  therefore  are  their  color  and  appearance. 

Cavities  which  are  the  seat  of  a  dropsical  effusion  contain  a  greater 
or  less  quantity  of  a  clear,  generally  pale-yellowish,  seldom  quite  color- 
less, liquid.  It  has  an  alkaline  reaction,  and  at  times  curds  of  fibrin  may 
be  found  in  it  (Art.  35). 

Compressible  organs  situate  in  the  dropsical  cavity  may  be  flattened, 
and  the  cavity  itself  enlarged. 

If  the  effusion  of  liquid  be  general  throughout  the  body  we  speak  of 
it  as  general  dropsy ;  if  limited  to  the  abdominal  cavity  it  is  called 
ascites. 

24.  Three  varieties  of  oedema  may  be  distinguished,  according  to 
their  mode  of  origin  :  these  are — the  oedema  of  engorgement,  inflamma- 
tory oedema,  and  hydra?mic  oedema. 

The  cedema  of  engorgement,  as  the  name  implies,  depends  upon  a 
disturbance  of  the  circulation.  If  from  any  cause  the  outflow  of  blood 
from  the  veins  is  hindered,  the  blood  tends  to  accumulate  in  the  capil- 
laries and  venules  (Art.  21).  If  the  degree  of  obstruction  exceeds  a  cer- 
tain limit,  the  plasma  seeks  a  lateral  exit  and  escapes  from  the  vessels. 
The  amount  of  liquid  thus  escaping  is  proportionate  to  the  discrepancy 
existing  between  the  inflow  and  the  outflow. 

The  escaped  liquid  is  always  poor  in  albumen,  poorer  even  than  the 
normal  lymph.  It  contains,  however,  a  certain  proportion  of  red  blood- 
cells,  depending  on  the  intensity  of  the  engorgement. 

The  immediate  consequence  of  increased  transudation  is  an  increased 
flow  through  the  lymphatics.  Often  enough  this  may  be  quite  sufficient 
to  convey  away  all  the  liquid  which  escapes.  If  it  is  insufficient  the 
liquid  collects  in  the  tissues  and  the  result  is  oedema  or  dropsy. 

•Obstruction  to  the  outflow  through  the  lymphatics  does  not  usually 
bring  about  oedema  ;  direct  experiments  have  demonstrated  this.  In  the' 
first  place,  the  lymphatics  of  most  parts  of  the  body  possess  ample  anas- 
tomoses, so  that  it  is  not  easy  for  a  stagnation  of  the  lymph  to  occur_ 
Even  when  the  thoracic  duct  is  occluded  collateral  channels  may  be: 
opened  up  and  the  circulation  restored.  Furthermore,  when  in  a  limb,, 
for  example,  the  whole  of  the  lymphatic  outlets  have  been  closed,  if  no 
more  than  the  normal  amount  pi  transudation  from  the  blood-vessels  goes 
on,  no  oedema  is  produced.  The  blood-vessels  themselves  have  the  power 
of  taking  up  again  the  lymph  they  have  produced.  If  the  thoracic  duct 
be  completely  occluded,  and  no  collaterals  are  opened  up,  then  oedema  is 
the  result  ;  it  takes  the  form  of  ascites.  At  the  same  time  the  larger 
lymphatics  become  greatly  distended  with  accumulated  lymph. 

Though    lymphatic    engorgement    alone    is     inadequate     to     produce 
oedema,  it  may  possibly  increase  an  oedema  which  has  already  been  pro- 
duced by  increased  transudation  from  the  blood-vessels. 
4 
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25.  The  quantity  and  the  nature  of  the  liquid  which  escapes  from  the 
capillaries  and  veins  depend  not  only  on  the  intravascular  pressure  and 
the  resistances  to  the  flow,  but  also  to  a  great  extent  on  the  character  and 
condition  of  the  vessel-wall.  Alterations  in  the  amount  of  transudation 
may  thus  be  referable,  not  to  disturbance  of  the  circulation,  but  to 
changes  in  the  vessel-wall,  and  especially  in  their  endothelial  lining.  The 
vessel-wall  may  in  fact  be  made  more  permeable  for  the  corpuscular  as 
well  as  for  the  liquid  constituents  of  the  blood  by  various  causes.  One 
of  these  is  long-standing  engorgement,  involving  incomplete  renewal  of 
the  blood-supply  to  the  vessel.  More  serious  causes  of  injury  are  persist- 
ent ischfemia,  imperfect  oxygenation,  chemical  changes  in  the  blood,  very 
high  or  very  low  temperatures,  and  traumatic  lesions.  What  the  exact 
injuries  are  which  these  bring  about  we  are  not  as  yet  able  to  say  ;  but 
it  may  fairly  be  imagined  that  they  amount  to  a  loosening  of  the  con- 
nections between  the  endothelial  cells  of  the  intima  (Arts.  96-98).  It  is 
in  virtue  of  such  alterations  in  the  vessels  that  inflammatory  and  hydre- 
mic cedema  are  produced. 

As  regards  inflammatory  cedema  no  doubt  can  exist  that  it  orig- 
inates in  some  vascular  change.  It  occurs  as  an  independent  affection, 
in  the  form  of  a  more  or  less  local  and  circumscribed  swelling  with  drop- 
sical effusion  ;  but  it  may  also,  as  a  secondary  phenomenon,  accompany 
other  processes,  like  severe  inflammation.  In  the  latter  case  it  is  often 
characterized  as  collateral  oedema.  Inflammatory  oedema  is  distinguished 
from  the  cedema  of  engorgement  by  the  fact  that  in  the  former  the  exu- 
dation is  very  much  richer  in  albumen  and  white  blood-cells  ;  it  is  also 
common  for  coagulation  to  take  place  in  the  dropsical  tissues. 

Hydraemic  or  cachectic  cedema  is  very  near  akin  to  inflammatory 
oedema.  It  was  formerly  believed  that  hydrgemia,  in  which  the  blood  is 
impoverished  of  its  solid  constituents,  and  hydrsemic  plethora,  or  over- 
dilution  of  the  blood  with  water,  might  directly  give  rise  to  increased 
transudation  from  the  vessels.  It  was  conceived  that  the  vessel-wall 
acted  like  other  animal  membranes,  through  which  liquids  poor  in  albu- 
men'filter  more  readily  than  liquids  rich  in  albumen.  This  is  incorrect. 
Cohnheim  and  his  pupils  have  shown  that  the  vessel-wall  is  not  to  be 
regarded  as  a  dead  membrane  ;  it  is  a  living  organ.  When  hydraemia  is 
artificially  produced  it  is  not  followed  by  oedema.  Even  hydrsemic  plethora 
produced  by  overfilling  the  vessels  with  diluted  blood,  though  it  does  lead 
to  increased  transudation,  does  not  do  so  till  the  dilution  has  been  car- 
ried to  an  extreme  degree.  Even  then  the  oedema  does  not  make  its 
appearance  at  the  parts  which  are  the  usual  seat  of  hydrsemic  oedema  in 
man.  We  must  therefore  look  for  another  explanation  of  the  cedema  of 
cachexia  and  of  nephritis  (in  which  disease  the  function  of  the  kidneys 
is  disturbed).  According  to  Cohnheim,  they  owe  their  origin,  as  we 
liave  said,  to  a  change  in  the  vessel-wall.  This  change  is  due  to  the 
watery  character  of  the  blood,  or  to  some  deleterious  substance  circulat- 
ing" in  it. 
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Hydreemic  oedema,  we  say,  is  near  akin  to  inflammatory  oedema  ;  but 
it  is  not  identical  with  it.  This  appears  from  the  fact  already  alluded  to 
— that  the  liquid  effused  in  the  former  is  much  poorer  in  albumen  than 
that  in  the  latter,  and  that  it  contains  considerably  fewer  of  the  corpus- 
cular elements. 

[The  doctrine  of  oedema  in  its  present  form  is  essentially  due  to  the 
work  of  Cohnheim  and  his  school.  This  is  true  as  well  of  the  theory  of 
oedema  from  engorgement  as  of  the  theory  of  hydrsemic  and  inflammatory 
oedema.  It  was  he  who  made  out  the  nature  of  the  disturbances  of  the 
circulation  involved  in  passive  hyperaemia,  as  well  as  the  conditions 
which  govern  the  morbid  alterations  of  the  vessel-wall.  (See  Cohnheim's 
"  Vorles.  lib  allg.  Pathologic,"  second  edition,  1882,  and  his  "  Untersuch- 
ungen  iiber  die  embolischen  Processe,"  Berlin,  1872.)  The  researches  on 
the  consequences  of  hydrasmia  and  hydraemic  plethora  were  carried  out 
by  him  in  collaboration  with  Lichtheim  ("Virch.  Arch.,"  vol.  Ixix.). 
Solutions  of  common  salt  were  injected  into  the  vascular  system  of  dogs, 
but  no  oedema  was  produced  by  this  dilution  of  the  blood.  When  the 
blood-plasma  is  increased  in  amount,  almost  all  the  secretions  (urine, 
saliva,  bile,  intestinal  juice,  etc.)  are  forthwith  increased.  The  current 
of  lymph  in  the  lymphatics  is  also  increased,  but  not  in  all  parts  ;  nota- 
bly not  in  the  limbs.  In  extreme  hydrsemic  plethora  the  abdominal 
organs  become  oedematous,  but  never  the  limbs. 

On  inflammatory  transudation  and  cedema,  see  also  Lassar  ("  Virch. 
Arch.,"  vol.  Ixix.).] 


CHAPTEE  YL 

ESCAPE  OF  THE  BLOOD  EKOM  THE  VESSELS.— HEMOEEHAGE. 
(THROMBOSIS,  EMBOLISM,  INFARCTION.) 

26.  Hemorrhage  or  extravasation  implies  an  escape  of  blood 
(with  all  its  constituent  elements)  out  of  the  vessels  into  a  tissue,  or  upon 
a  free  surface.  It  may  be  arterial,  venous,  capillary,  or  from  all  the  ves- 
sels together,  in  which  latter  case  it  is  termed  "parenchymatous."  Such 
an  extravasation  into  a  tissue  takes  on  various  appearances  according  to 
the  quantity  of  blood  which  has  escaped  ;  and  special  names  are  given  to 
some  of  these. 

When  the  quantity  is  small  and  forms  more  or  less  sharply  defined 
red  or  brown  spots,  these  are  called  petechiae  or  eechyinoses|  when 
larger  and  less  defined  they  are  sugiUations  or  sanguineous  suffu- 
sions. If  the  affected  tissue  is  completely  infiltrated  by  the  escaped 
blood,  we  speak  of  it  as  a  hemorrhagic  infarct.  If  the  blood  forms  a 
tumor  or  swelling,  it  is  called  a  haematoma  or  blood-tumor. 

Hemorrhage  in  quantity  always  causes  serious  changes  in  the  tissue 
invaded  ;  not  infrequently  (as  in  the  brain)  the  tissue  is  stretched,  torn, 
and  disintegrated. 

If  the  bleeding  take  place  from  the  free  surface  of  an  organ,  the  blood 
flows  away  either  altogether  or  into  the  cavity  which  is  bounded  by  the 
free  surface. 

Certain  hemorrhages  have  received  names  from  the  localities  in  which 
they  occur.  Thus  bleeding  from  the  nasal  mucous  membrane  constitutes 
epistaxis ;  vomiting  of  blood  is  heematemesis ;  bleeding  from  the  lungs 
gives  rise  to  haemoptoe  or  haemoptysis ;  from  the  uterus  to  metror- 
rhagia j  from  the  urinary  organs  to  haematuria. 

A  collection  of  blood  in  the  uterus  is  called  haematometra,  in  the 
pleural  cavity  haemothorax,  in  the  tunica  vaginalis  of  the  testicle 
hasmatocele,  in  the  pericardium  haemopericardium. 

Fresh  effusions  of  blood  have  the  color  characteristic  of  arterial  or  of 
venous  blood,  as  the  case  may  be. 

In  the  course  of  time  the  extravasation  undergoes  certain  well-marked 
changes.  Especially  remarkable  are  the  changes  of  color  seen  in  ecchy- 
moses  and  sugiUations  of  the  skin,  which  pass  through  tints  of  brown, 
blue,  green,  and  yellow.  Ultimately  the  extravasation  is  absorbed  (Arts. 
68  and  112-116)." 
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27.  The  escape  of  blood  from  the  vessels  occurs  in  two  distinct  ways. 
A  large  and  sudden  hemorrhage  always  implies  a  solution  of  continuity 
in  the  vessel-wall.  This  has  been  distinguished  as  hemorrhage  by  rup- 
ture {joer  rhexin,  per  cliahrosin)  or,  clinically,  as  apoplexy.  Such  solu- 
tions of  continuity  are  the  only  causes  of  arterial  bleeding;  but  from 
veins  and  capillaries  bleeding  may  occur  in  another  way,  namely  by  what 
is  called  diapedesis.  'In  this  process  the  blood  passes  through  a  vessel- 
wall  in  which  no  rent  exists.  The  escape  is  not  sudden  but  gradual. 
The  blood-cells  slip  through  the  vessel-wall  one  after  the  other.  Liquid 
escapes  at  the  same  time  ;  but  it  is  not  simply  plasma,  for  it  contains  less 
albumen  (Arts.  24,  25).  These  hemorrhages  often  remain  small  and  cir- 
cumscribed; but  occasionally  the  process  continues  for  a  longer  time,  and 
then  the  infiltration  of  the  tissue  with  blood-cells  may  go  on  to  a  serious 
extent.  It  must  not  be  supposed  that  hemorrhage  by  apoplexy  (or  rup- 
ture) is  always  large,  or  hemorrhage  by  diapedesis  always  small.  A  rent 
in  a  capillary  or  a  small  vein  will  give  rise  to  no  great  loss  of  blood;  while 
the  hemorrhage  from  long-continued  diapedesis  may  reach  an  alarming 
magnitude.  In  a  given  case  it  is  often  by  no  means  easy,  often  indeed 
quite  impossible,  to  decide  whether  hemorrhage  has  occurred  by  rupture 
or  by  diapedesis. 

[The  process  of  diapedesis  may  be  observed  under  the  microscope.  For 
this  purpose  the  mesentery  or  the  foot-web  of  a  frog  is  used  (Cohnheim). 
If  the  veins  of  outflow  have  first  been  ligatured,  the  capillaries  and  veins 
of  the  membrane  are  seen  to  be  crammed  with  blood.  After  a  certain 
time  the  red  blood-corpuscles  begin  to  escape  from  the  capillaries  and 
veins  (compare  Cohnheim,  "  Allgemeine  Pathologic,"  i.,  and  "  Virch. 
Arch.,"  vol.  xli,).  The  process  is  to  be  regarded  as  one  of  filtration  (Her- 
ing,  "  Sitzungsberichte  der  Wiener  Akademie,"  57,  1868).  As  a  result 
of  the  arrested  outflow  the  blood  seeks  to  escape  laterally  ;  it  is  in  fact 
squeezed  through  the  vessel-wall. 

We  owe  to  Arnold  some  very  beautiful  researches  upon  the  diapede- 
sis of  red  blood-corpuscles,  as  well  as  of  other  particulate  substances  in- 
troduced into  the  vessels  ("Virchow's  Archiv,"  vols.  Iviii,,  Ixii.,  Ixiv,). 
Arnold  at  first  thought  it  must  be  admitted  that  at  the  points  of  escape  of 
the  particles  holes  or  slits  occur,  which  he  called  stigmata  and  stomata  y 
afterward,  however,  he  recognized  the  supposed  openings  to  be  merely  ag- 
gregations of  the  intercellular  or  cementing  substance  of  the  endothelial 
cells.  Under  pathological  conditions  this  substance  becomes  loose,  and 
readily  permits  the  corpuscular  elements  of  the  blood  to  pass  through. 
Some  beautiful  physical  experiments  in  illustration  of  the  processes  in- 
volved in  diapedesis  have  been  lately  described  bv  Hamilton  ("  Proc.  Rov. 
Soc.  Edin.,"  vol,  xi,).    See  also  Schklarewsky,  "Pfliiger's  Arch.,"  vol.  i.).] 

28.  The  cause  of  rupture  of  the  vessel-wall  is  either  traumatic  injury, 
or  disease  of  the  wall  itself.     In  all  so-called  spontaneous  hemorrhage  we 
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must  take  it  for  granted  that  the  latter  cause  is  in  action.  Newly  formed 
vessels  are  likewise  very  easily  torn.  Increased  blood-pressure  of  course 
tends  toward  rupture  of  the  vessel-wall,  but  it  never  actually  produces  it 
if  the  vessel  be  perfectly  sound. 

Diapedesis  comes  into  play  when  the  pressure  is  raised  in  the  veins 
and  capillaries,  and  also  when,  cceteris  paribus,  the  vessel-wall  becomes 
more  permeable.  It  is  very  rapidly  set  up  by  obstructing  the  outflow  of 
venous  blood.  The  natiire  of  the  change  in  the  vessel-wall  which  results 
in  greater  permeability  is  not  yet  completely  understood  ;  but  it  is 
known  at  least  that  the  exciting  cause  of  the  change  is  a  disturbance  in 
tissue-nutrition  (Art.  25).  Thus  it  may  be  produced  by  temporarily 
checking  the  blood-supply  of  the  vessel,  or  by  direct  injury  to  the  vessel 
wall.  Moreover,  certain  poisons  introduced  into  the  blood  may  lead  to 
the  change.  The  vessel-wall  must,  in  fact,  be  directly  or  indirectly 
damaged. 

Sometimes  the  defective  structure  of  the  vessel-wall  is  congenital. 
There  are  persons  who  show  a  great  tendency  to  bleed  upon  small  occa^ 
sion.  These  are  called  "  bleeders,"  and  are  said  to  exhibit  the  hemor- 
rhagic diathesis  or  haemophilia. 

What  we  may  describe  as  an  acquired  hemorrhagic  diathesis  is  ex. 
hibited  in  the  diseases  known  as  morbus  maculosus  or  purpura,  anc. 
scurvy  ;  as  well  as  in  many  of  the  infectious  fevers  and  toxsemic  affea^ 
tions,  such  as  septicaemia,  spotted  typhus,  small-pox,  plague,  icterit^ 
gravis,  yellow  fever,  nephritis,  phosphorus  poisoning,  etc.  In  some  casws 
of  hmmophilia  neonatorum  and  of  endocarditis,  collections  of  bacteria 
have  been  found  to  be  the  originating  cause  of  hemorrhage.  Such  hemor- 
rhages are  sometimes  slight,  sometimes  very  serious.  Thsy  occur 
chiefly  in  the  skin,  mucous  membranes,  and  serous  membranes.  Similar 
hemorrhages  also  occur  sometimes  in  connection  with  troubles  Oi  the  cen- 
tral nervous  system,  chiefly  in  the  stomach  and  the  lungs. 

[Full  references  to  the  literature  of  haemophilia  are  gi+en  by  Legg, 
("  Haemophilia,"  London,  1872,  and  St.  Bartholomew's  Hospital  Reports, 
1881),  and  by  Immermann  ("  Ziemssen's  Cyclop.,"  vol.  xvii.). 

Hemorrhages  occurring  in  connection  with  brain  affections  have  been 
observed  in  the  human  subject,  and  have  also  been  experimentally  pro- 
duced in  animals  (Jehn,  "  Allg.  Zeitschrift  f.  Psychiatric,"  1874  ;  Char- 
cot, "  Lejons  sur  les  maladies  du  syst^me  nerveux,"  i.,  1875  ;  Ebstein, 
"Arch.  f.  exper.  Path.,"  ii.), 

Ziegler  has  twice  noted  serious  hemorrhages  of  this  kind  in  epileptics. 
In  one  case  three-fourths  of  each  lung  was  completely  filled  with  blood. 
He  has  likewise  met  with  extensive  hemorrhage  into  the  lung  in  a  pa- 
tient who  died  of  traumatic  softening  of  the  brain.] 

29.  The  obstruction  of  arteries  and  veins  plays  the  chief  part  in  the 
production  of  irregularities  in  the  circulation,  and  of  hemorrhages.     This 
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obstruction  may  arise  in  various  ways,  from  without  by  ligature  or  com- 
pression, from  within  not  infrequently  by  thrombosis.  By  this  term  is 
meant  the  formation  of  a  coagulum  or  blood-clot  within  tiie  vessel  during 
life  (Arts.  35  and  253-255).  This  coagulation  occurs  for  the  most  part 
Avhen  the  circulation  is  already  weakened  or  arrested,  and  the  vessel-walls 
diseased.  The  result  is  that  the  lumen  of  the  vessel  is  first  narrowed,  and 
then  as  coagulation  proceeds  is  blocked  altogether.  In  the  former  stage 
the  thrombosis  is  called  concentric  or  incomplete  |  in  the  latter  it  is 
obstructive.  Thrombi  are  formed  oftenest  in  the  veins,  but  they  occur 
also  in  the  arteries  and  in  the  heart.  If  a  thrombus  becomes  loosened 
from  the  vessel-wall,  and  so  gets  into  the  blood,  it  is  carried  on  by  the 
current.  In  this  way  it  may  pass  from  the  systemic  veins  into  the  pul- 
monary arteries,  or  from  the  heart  and  greater  arteries  into  the  smaller 
ones.  It  becomes  then  wedged  in  at  the  point  where  its  size  corresponds 
with  the  section  of  the  vessel  ;  and  then  by  adapting  its  form  to  that  of 
the  lumen,  or  by  setting  up  fresh  coagulation  on  its  own  surface,  it  speed- 
ily blocks  the  vessel  altogether.  A  thrombus  thus  swept  into  the  vessel 
from  a  distance  is  called  an  embolus.  It  is  generally  situated  at  the 
bifurcation  of  an  artery. 

The  consequences  of  embolism  are  very  various.  Often  enough  the 
tissue  concerned  is  very  slightly  affected  ;  in  other  cases  it  may  undergo 
ansemic  necrosis  (Art.  33) ;  in  others  still  what  is  called  embolic  infarc- 
tion. 

30.  The  bleeding  which  sometimes  ensues  upon  thrombosis  of  a  vein 
is,  as  we  have  seen  in  Arts.  27  and  28,  the  immediate  result  of  arrested 
outflow  through  the  natural  channels.  The  consequences  of  the  closure 
of  an  artery  have  already  been  touched  upon  in  Art.  22.  The  immediate 
consequences  are  these — First  of  all,  the  circulation  is  brought  to  a  stand- 
still, and  the  region  beyond  the  block  becomes  aneemic.  If  the  arterial 
twigs  of  this  region  are  connected  directly  with  some  other  unobstructed 
artery ,^  the  latter  forthwith  dilates  and  conveys  a  sufficient  quantity  of 
blood  to  irrigate  the  starved  region.  The  circulation  is  thus  speedily  re- 
established. 

If,  however,  the  vessels  of  the  region  possess  no  such  collateral  con- 
nections, the  region  itself  is  altogether  deprived  of  fresh  blood,  and  sooner 
or  later  perishes  (Art.  33). 

If  the  embolized  artery  be,  as  Cohnheim  calls  it,  a  terminal  artery, 
having  no  arterial  anastomoses,  a  scanty  influx  of  blood  to  the  tissues 
from  the  contiguous  veins  and  capillaries  may  still  be  possible.  It  is  in 
this  way  that  a  hemorrhagic  infarct  is  produced.  The  capillaries  of 
the  anemic  region  become  gradually  filled  with  blood,  partly  derived 
from  the  capillaries  of  neighboring  regions,  partly  from  slow  reflux  out  of 
the  veins.  The  blood  oozing  in  from  the  neighboring  capillaries  is  under 
a  very  low  pressure.  This  pressure  is  insufficient  to  propel  the  blood  out 
of  the  obstructed  capillary  system  into  the  corresponding  veins  again. 
The  blood  therefore  stagnates,  and  the  capillaries  become  ever  more  and 
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more  engorged.  Of  course,  whatever  reflux  takes  place  from  the  veins 
can  only  carry  blood  into  the  capillary  system;  it  cannot  suffice  to  drive 
the  blood  through  the  capillaries. 

In  consequence  of  this  engorgement,  due  to  lack  of  propelling  power, 
diapedesis  is  soon  established,  just  as  in  complete  obstructions  of  the 
venous  outflow.  The  escape  of  blood  is  further  aided  by  the  disorganiza- 
tion of  the  vessel-wall,  set  up  by  the  cessation  or  serious  diminution  of 
its  supply  of  nutriment.  The  ultimate  result  of  the  diapedesis  is  the  infil- 
tration of  the  entire  tissue  with  blood,  and  the  formation  of  a  firm,  gen- 
erally conical,  hemorrhagic  patch.  Embolic  infarcts  of  this  kind  are 
found  chiefly  in  the  lungs,  the  spleen,  and  the  kidneys.  As  to  their  final 
fate  see  Art.  37. 

[The  fundamental  experiments  on  thrombosis  and  embolism  were  ori- 
Cfinally  made  by  Virchow  ("  Gesammelte  Abhandlungen,"  Frankfurt  a. 
M,,  1856). 

Virchow  referred  the  production  of  the  embolic  infarct  to  increased 
flow  in  the  arteries  of  the  contiguous  regions,  consequent  on  the  ischsemia 
of  the  region  considered.  This  involved  an  increased  lateral  pressure 
within  the  vessels,  and  so  increased  tendency  for  the  blood  to  escape. 
Cohnheim  {"  Untersuchungen  iiber  die  embolischen  Processe,"  Berlin, 
1872),  examining  directly  the  results  of  embolism  in  the  frog's  tongue, 
established  the  existence  of  the  reflux  from  the  veins,  the  gradual  refilling 
of  the  capillaries,  and  the  escape  of  blood  by  diapedesis.  The  efficient 
cause  of  the  diapedesis  he  considered  to  be  an  ischaemic  disorganization 
of  the  vessel-wall.  Litten  ("Untersuchungen  iiber  den  hamorrhagischen 
Infarct,"  Berlin,  1879)  regards  the  reflux  from  the  veins  as  non-essential, 
and  refers  the  refilling  of  the  capillaries  to  the  influx  from  continuous 
regions.  Even  disorganization  of  the  vessel-wall  is,  according  to  him, 
unessential  to  the  production  of  an  infarct ;  inasmuch  as  diapedesis  is 
completely  accounted  for  by  the  mere  fact  of  engorgement  (as  is  seen 
when  the  veins  are  obstructed).  Diapedesis  is  for  this  reason  increased 
when  it  chances  that  the  blood  coagulates  in  the  vein  of  outflow  from  the 
embolized  region.] 


CHAPTER  YII. 

LYMPHOEEHAGIA. 

31.  Lymphorrhagia  occurs  when  a  lymphatic  vessel  is  ruptured  and 
the  contained  lymph  is  effused  into  the  tissues  around.  The  pressure  in 
the  lymphatics  is  very  low,  scarcely  higher,  that  is  to  say,  than  that  in  the 
contiguous  tissues.  An  escape  of  lymph  from  the  vessel  can  therefore 
occur  only  when  a  cavity  already  exists  at  the  place  of  rupture,  or  when 
one  is  made  by  the  same  injury  which  rent  the  vessel.  Thus  in  wounds, 
for  example,  we  see  lymph  and  blood  escaping  together  ;  but  the  flow  of 
the  lymph  can  be  arrested  by  interposing  a  very  slight  resistance.  If  the 
opening  in  the  surface  be  not  closed  up  after  the  rupture  of  a  lymphatic, 
so  that  lymph  continues  constantly  to  escape,  as  sometimes  happens  in 
the  case  of  ulcers,  we  have  lymph-fistulse  formed.  Such  fistulse  may  lead 
to  the  loss  of  very  considerable  quantities  of  lymph.  The  most  impor- 
tant lesion  of  this  kind,  as  well  as  the  most  likely  to  be  dangerous,  is 
rupture  of  the  thoracic  duct.  This  has  occasionally  been  observed 
as  a  consequence  of  a  wound  ;  but  more  commonly  of  engorgement  from 
closure  of  the  lumen  of  the  duct  by  inflammation  or  tumor.  The  lymph 
escaping  into  the  thoracic  or  abdominal  cavity  gives  rise  to  chylous 
hydrothorax  or  chylous  ascites. 

[References  : — Curnow,  "  Lectures  on  the  Lymphatic  System,"  Lancet, 
1,  1879  ;  Day  and  Hill,  "  Trans.  Clin.  Soc,"  1869  ;  Cayley,  "  Trans. 
Path.  Soc,"  1866.  ] 
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CHAPTER   YIII. 
NECKOSIS. 

33.  Everything'  that  lives  comes  sooner  or  later  to  an  end — it  dies. 
Death  makes  its  appearance  so  soon  as  the  vital  energy  of  the  organism, 
infused  into  it  when  it  was  first  engendered,  is  exhausted  in  antagonizing 
external  resistances. 

Besides  this  death  of  the  organism  as  a  whole,  or  somatic  death, 
we  recognize  what  we  must  regard  as  a  localized  death  ;  a  death,  that  is 
to  say,  of  individual  cells  or  cell-groups,  which  we  call  necrosis. 

The  occurrence  of  local  death  or  necrosis  in  a  cell-group  or  entire 
organ  is  only  in  special  cases  associated  with  recognizable  changes  in 
structure.  The  slight  histological  changes  the  cells  undergo  in  dying  are 
not  always  enough  to  indicate  with  certainty  the  exact  factor  which  has 
caused  life  to  cease.  The  naked-eye  appearances  of  the  larger  organs  do 
not  always  betray  the  fact  that  some  part  of  them  has  become  necrosed. 

Even  the  cessation  of  the  obvious  functions  of  an  organ  may  leave  us 
in  doubt  whether,  as  in  necrosis,  the  cessation  is  permanent,  or  whether 
the  functions  are  merely  suppressed  for  a  time. 

Thus  we  can  only  subject  necroses  to  anatomical  examination,  when 
death  of  the  tissue  involves  change  in  its  structure  either  consequent  or 
antecedent.  The  latter  occurs  only  to  a  limited  extent  ;  the  former  {i.e., 
change  consequent  on  necrosis)  on  the  other  hand  is  invariably  found 
after  a  longer  or  shorter  interval.  The  varieties  of  necrosis  are  in  fact 
distinguished  from  each  other  according  to  the  nature  of  these  consecu- 
tive tissue-changes. 

33.  The  injuries  which  lead  to  local  death  are  divisible  into  three 
groups.  The  first  includes  those  which  destroy  the  tissue  by  their  me- 
chanical or  chemical  action.  Thus  external  violence  may  crush  a  fin- 
ger ;  sulphuric  acid  may  destroy  a  patch  of  skin  ;  and  fungous  parasites 
may  disorganize  the  structure  of  a  gland  in  which  they  are  permitted  to 
grow.  A  second  group  of  injuries  may  be  classed  as  thermal.  If  the 
temperature  of  a  tissue  be  maintained  at  54°  C.  to  58°  C.  for  any  time, 
the  tissue  is  inevitably  killed.  Higher  temperatures  act  still  more  rapidly. 
The  lower  limit  within  which  life  may  be  maintained  is  16°  C.  to  18°  C. 
A  third  cause  of  necrosis  is  arrest  of  nutrition.  This  produces  "  an- 
femic  necrosis,"  and  occurs  very  frequently  in  the  human  subject. 
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All  causes  which  seriously  interfere  with  the  circulation  of  a  part,  and 
bring  about  permanent  arrest  of  its  movement,  or  stasis,  may  lead  to  the 
death  of  the  affected  tissue.  Such  causes  are  thrombosis,  embolism,  clos- 
ure of  the  vessels  by  disease  or  ligature,  pressure  on  the  tissue,  inflamma- 
tion, hemorrhage,  etc.  The  arrest  of  the  circulation  need  not,  however, 
be  permanent  ;  it  is  enough  if  it  persists  longer  than  a  certain  time — 
necrosis  still  ensues.  It  is  unimportant  whether  or  not  hemorrhage  then 
takes  place  (Art.  30);  this  will  only  affect  the  external  appearance  of  the 
part.  Hemorrhagic  infarction  is  thus  pathologically  equivalent  to  anaemic 
necrosis  plus  hemorrhage. 

It  is  of  course  possible  that  mechanical,  chemical,  and  thermal  agen- 
cies may  act  together.  Not  infrequently  they  come  into  play  successively 
in  the  same  case. 

The  effect  of  a  given  injury  in  producing  necrosis  depends  not  merely 
on  the  normal  character  and  strength  of  the  tissue,  but  also  to  an  essen- 
tial extent  upon  its  condition  for  the  time  being.  A  tissue  whose  nutri- 
tion has  suffered  in  consequence  of  deficient  or  vitiated  blood-supply, 
general  marasmus,  or  hydraemia,  is  much  more  apt  to  necrose  than  when 
it  is  in  its  normal  state.  Thus  in  old  patients,  and  in  those  suffering  from 
uncompensated  valvular  disease  of  the  heart,  very  slight  injuries  are 
enough  to  induce  necrosis  of  the  limbs.  In  emaciated  typhoid  patients 
the  slightest  pressure  on  the  skin  over  the  trochanter,  elbow,  sacrum,  or 
heel,  suffices  to  bring  on  gangrenous  necrosis  of  the  skin  and  subcutan- 
eous tissues.  Such  necroses  are  described  as  senile  or  marasmic  gangrene, 
and  decubitus  (bed-sores)  or  decubital  necroses. 

[The  time  required  to  produce  necrosis  by  interruption  of  the  blood- 
supply  is  different  in  different  tissues.  Brain  tissue,  renal  epithelium, 
and  intestinal  epithelium,  die  within  two  hours  (Cohnheim,  "  Allgem. 
Pathologic").  Skin,  bone,  and  connective  tissue,  continue  to  live  over 
twelve  hours.  In  general  it  may  be  laid  down — that  tissues  which  exer- 
cise special  functions  die  much  more  quickly  than  those  which,  like  con- 
nective tissue,  possess  only  the  faculty  of  self-preservation,  so  to  speak.] 

34.  The  course  of  the  necrosis  {i.e.,  the  character  of  the  tissue-changes 
it  involves)  is  influenced  by  such  circumstances  as  the  nature  of  the  tissue, 
its  locality,  and  the  form  and  cause  of  the  necrosis.  Not  less  important 
are  the  amount  of  blood  and  proper  fluid  or  juice  contained  in  the  tissue, 
and  the  access  or  exclusion  of  air  and  of  putrefactive  ferments. 

Moreover,  there  may  be  antecedent  tissue-changes  which  are  not  with- 
out influence  on  the  necrotic  process,  such,  for  example,  as  fatty  degen- 
eration, inflammation,  and  hemorrhage.  We  thus  see  that  even  if  the 
necrotic  process  be  in  itself  simple,  i.e.,  associated  with  only  slight  histolog- 
ical change,  the  consecutive  changes  it  involves  may  yet  be  very  manifold. 
We  proceed  to  discuss  the  chief  forms  which  have  been  observed. 

A  constant  result  of  the  death  of  a  portion  of  a  tissue  is  more  or  less 
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severe  inflammation  in  the  surrounding  portions.  This  is  most  severe 
when  decomposition  sets  in  in  the  dead  portion.  By  means  of  this  in- 
flammatory zone,  the  necrosed  region  is  in  a  way  marked  off  and  isolated 
from  the  rest.  The  inflammation  is  hence  described  as  definitive,  and 
the  zone  as  the  line  of  demarcation.  The  process  is  more  fully  treated 
in  Arts.  112-116. 

Among  the  various  terminations  of  necrosis  we  may  distinguish  four 
main  types.  We  exclude  special  complications,  such  as  the  development 
in  the  necrosed  tissue  of  specific  irritant  matters.  In  the  first  class,  the 
dead  tissue  is  absorbed  and  replaced  by  newly  formed  normal  tissue  (re- 
generation, Arts.  72-80).  In  the  second,  the  dead  tissue  is  likewise 
absorbed,  but  is  not  replaced  by  normal  tissue  ;  an  inflammation  in  situ 
is  followed  by  the  formation  of  fibrous  tissue,  which  fills  up  the  gap  in 
whole  or  in  part  (healing  by  scar  or  cicatrix,  Arts.  112-116).  In  the 
third,  the  necrosed  tissue  is  only  partially  absorbed,  a  part  remaining  as 
a  caseous  mass  ;  this  later  on  becomes  in  general  calcified  and  enclosed 
in  a  capsule  of  connective  tissue  (caseation  and  calcification,  Arts. 
112-116).  The  fourth  issue  is  the  formation  of  a  cyst.  The  dead  tissue 
is  absorbed,  and  in  its  place  there  is  developed  a  small  amount  of  fibrous 
tissue,  but  only  over  the  boundary  of  the  vacated  space.  In  other  cases, 
this  space  becomes  filled  with  fluid,  which  is  thus  encysted.  This  hap- 
pens oftenest  in  the  brain. 

a.    Coagulative  {Hyaline  or  Fibrinous)  Necrosis. 

35.  Necrosis  accompanied  by  coagulation  occurs  in  two  ways.  In 
certain  of  the  vital  fluids  like  the  blood  and  lymph,  and  in  fluids  which 
have  escaped  from  the  vessels,  granular,  fibrous,  or  homogeneous  coagula 
are  formed  ;  that  is  one  kind  of  necrosis.  In  the  other,  cells  and  cellular 
structures  as  they  die  become  solid  and  firm,  and  coalesce  into  peculiar 
homogeneous  or  hyaline  masses. 

The  granular,  fibrous,  and  hyaline  masses  which  make  their  appear- 
ance when  blood  coagulates  are  albuminoid  bodies  ;  and  we  speak  of 
them  in  general  terms  as  fibrin.  This  fibrin  takes  the  form  of  flakes  or 
curds,  shreds,  lumps,  or  membranes.  If  red  blood-cells  are  enclosed  in 
the  meshes  of  the  fibrin  as  it  separates,  the  clots  are  soft  and  dark  red  in 
color.  If  coagulation  does  not  take  place  in  the  plasma  till  this  has 
separated  from  the  red  blood-cells,  the  clots  produced  are  pale  yellowish, 
soft,  gelatinous,  watery,  translucent,  and  somewhat  tenacious  ;  after  a 
time  they  contract  and  so  become  drier  and  tougher.  In  lymph,  mere 
flakes  only  are  formed.  According  to  current  theories,  coagulation  of 
the  blood,  or  of  the  lymph,  occurs  when  the  white  corpuscles  die  and  dis- 
solve in  the  plasma.  Alex.  Schmidt  affirms  that  the  plasma  contains  fibrin- 
ogen only.  To  bring  about  coagulation,  that  is  the  formation  of  fibrin, 
the  presence  of  fibrinoplastin  and  of  a  ferment  is  necessary.  Both  of 
these  are  supplied  by  the  white  corpuscles  as  they  dissolve  in  the  plasma. 
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Inflammatory  effusions  or  exudations  may  coagulate  as  blood  does, 
and  so  yield  masses  containing  a  large  amount  of  fibrin.  These  may  lie 
on  the  surface  of  the  inflamed  tissue  in  the  form  of  false  membranes 
(Fig.  1).  The  fibrinous  masses  may  be  made  up  of  granules,  of  delicate 
fibres,  of  coarse-meshed  trabecules  (Fig.  1,  c),  or  of  homogeneous  flakes. 

[Alexander  Schmidt's  researches  on  blood-coagulation  are  to  be  found 
in  his  paper  : — "  Die  Lehre  von  den  fermentativen  Gerinnungen,"  Dorpat, 
1876.  Montegazza  has  pursued  similar  investigations — (Moleschott's 
"  Untersuchungen  zur  Naturlehre,"  1876).  For  other  papers,  see  Gam- 
gee's  "  Physiological  Chemistry,"  vol.  i.,  chap.  2.  Wooldridge  ("  Proc. 
Roy.  Soc,"  214,  1881,  and  "Du  Bois-Reymond's  Arch.,"  1881)  has  re- 
cently published  the  results  of  a  research  conducted  in  Prof.  Ludwig's 
laboratory  at  Leipzig,  in  which  he  seeks  to  make  out  that  coagulation  is 
mainly  due  to  the  action  of  deleterious  liquids  on  the  blood-cells.     In 


Fig.  1.— Croupous  (false)  Membrane  from  the  Trachea.  +  250.  a.  section  through  the  false  mem- 
brane ;  b,  upper  layer  of  the  mucous  membrane,  infiltrated  with  pus-cells  ri, ;  c,  fibres  and  granules  of 
fibrin  ;  d,  pus-cells. 

shed  blood  the  plasma  "dies"  and  becomes  deleterious  in  this  sense  ;  its 
action  on  the  cells,  especially  the  vphite  cells,  makes  them  break  up  and 
coalesce  into  a  coagulum.  A  ten  per  cent,  salt  solution  would  have  the 
same  effect.  • 

The  factors  of  fibrin  are  said  to  be  furnished  by  Hayem's  haemato- 
blasts,  and  by  Bizzozero's  "  Blutplattchen."  The  latter  have  been  re- 
cently described  ("  Centralb.  f.  d.  med.  Wiss.,"  2,  1883)  as  small,  very 
transient,  delicate,  colorless  discs.  According  to  Bizzozero  it  is  the 
breaking  up  of  his  "  Blutplattchen  "  which  alone  determines  coagulation. 
The  true  significance  of  these  bodies  is  not  yet  determined.  They  are 
perhaps  mere  decolorized  red  blood-cells. 

Full  discussions  on  the  subject  of  fibrin  and  its  origin  are  to  be  found 
in  Virchow's  "  Gesammelte  Abhandlungen,"  1856.  The  intra-vascular 
coagulation  of  the  blood  is  treated  more  adequately  in  Art.  252.  It  is 
possible  that,  in  the  coagulation  of  liquids  contained  in  cellular  tissues, 
the  fibrinoplastic  substance  is  yielded  by  the  tissue-cells.  These  latter 
either  dissolve  altogether,  or  they  permit  their  protoplasmic  contents  to 
escape  in  the  shape  of  simple  homogeneous  masses.] 
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36.  In  the  second  form  of  necrosis  with  coagulation,  the  knowledge 
of  which  we  owe  chiefly  to  Weigert,  the  circumstances  and  the  appear- 
ances presented  are  essentially  different  from  those  of  the  first.  Here,  as 
before,  we  have  to  do  with  the  death  of  tissue  occurring  under  special 
conditions,  and  resulting  in  the  formation  of  coagulated  albuminoids  ; 
but  the  coagulation  takes  place  not  in  a  liquid  but  in  the  substance  of 
formed  tissue-elements,  in  cells  and  cellular  or  intercellular  structures. 

If  by  reason  of  arrested  nutrition,  or  by  the  action  of  chemical  or 
thermal  agencies,  a  definite  segment  of  an  organ  be  caused  to  die,  and  if 
then  a  moderate  amount  of  lymph  happen  to  flow  through  the  necrosed 
segment,  we  have  the  conditions  which  give  rise  to  coagulation  within 
the  tissue.  The  lymph  contains  fibrinogen,  the  cells  contain  fibrinoplas- 
tin  ;  between  them  fibrin  is  produced.  Cohnheim  introduced  the  term 
coagulative  necrosis  to  describe  this  special  form  of  local  death. 
Sometimes  at  least  it  may  be  fitly  spoken  of  as  hyaline  necrosis.  In  this 
process  the  cells  alter  their  appearance  in  various  ways.  The  ultimate 
effect  is  always  the  destruction  of  the  cells  as  such. 

The  varieties  of  morphological  change  observed  in  coagulating  cells 
and  tissues  are  dependent,  partly  on  diversity  of  structure  in  the  tissues, 
partly  on  the  quantity  of  fibrinogen  effused.  The  manner  in  which  ne- 
crosis has  been  brought  about  is  indifferent  ;  but  the  dying  of  the  tissue 
must  not  be  too  protracted,  or  degenerative  processes,  such  as  fatty 
change,  may  intervene  and  render  the  cells  non-coagulable. 

[The  chief  investigations  on  this  subject  of  coagulative  necrosis  are 
those  of  Weigert.  A  summary  of  his  results  is  given  in  "  Virch.  Arch.," 
vol.  Ixxix.  The  proof  of  the  fact — that  interfusion  of  lymph  may  cause 
the  destruction  of  cells  and  the  disappearance  of  their  nuclei — was  ef- 
fected by  introducing  hardened  pieces  of  tissue  into  the  abdominal  cavity 
of  rabbits.     These  tissues  were  transformed  in  the  manner  described. 

Similar  cell-changes  to  those  produced  in  coagulative  necrosis,  and 
more  especially  the  disappearance  of  nuclei,  may  also  result  from  mere 
putrefaction.  Coagulative  necrosis  may  also  be  found  combined  with 
other  retrogressive  changes,  such  as  fatty  degeneration.] 

37.  Among*  the  numerous  cases  in  which  coaarulative  necrosis  takes 
place  must  be  mentioned  embolic  infarction.  A  certain  time  after 
the  obstruction  of  an  artery  of  the  kidney  or  spleen,  there  is  found  lying 
beneath  the  capsule  an  opaque  yellowish-white  conical  patch.  This  patch 
consists  of  necrosed  kidney-  or  spleen-tissue,  with  perhaps  fragments  of 
disorganized  and  completely  decolorized  blood-clot.  If  the  patch  be 
microscopically  examined  in  unstained  sections,  its  structure  will  be 
found  almost  normal,  though  paler  than  the  surrounding  parts.  The 
difference  becomes,  however,  sharply  defined  when  the  section  is  stained, 
for  the  necrosed  part  is  incapable  of  taking  up  color.  The  cells  are 
strikingly  pale   and   transparent,   and   their  nuclei  are   either   gone,   or 
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swollen  up  and  unstained.  In  later  stages  the  outlines  of  the  cells  be- 
come blurred,  the  nuclei  vanish,  and  the  cell-contents  are  metamorphosed 
into  a  finely  granular  fibrinous  mass.  Later  still  this  mass  disintegrates 
and  is  absorbed  (Art.  115).  If  the  infarct  was  originally  hemorrhagic, 
the  effused  blood,  like  the  tissue-elements,  is  changed  into  a  colorless 
granular,  or  it  may  be  homogeneous,  mass. 

[Minute  investigations  into  the  nature  of  hemorrhagic  infarction 
have  recently  been  made  by  Litten  ("  Untersuchungen  iiber  den  hsem. 
Infarct,"  Berlin,  1879)  and  Guillebeau  ("  Die  Histologic  d.  hsem.  In- 
farctes,"  In.  Diss.  Berne,  1880).  According  to  Litten,  renal  infarcts  are 
generally  anaemic,  i.e.,  not  accompanied  by  hemorrhage.  Guillebeau,  on 
the  contrary,  saj'^s  that  both  renal  and  splenic  infarcts  are  generally 
hemorrhagic,  but  become  very  quickly  decolorized.  Ziegler  inclines  to 
the  latter  view,  though  he  has  examined  recent  infarcts  in  which  he  was 
unable  to  demonstrate  either  hemorrhage  or  its  traces.] 

38.  The  so-called  "waxy  degeneration  of  muscle  (Zenker)  is  also 
an  instance  of  coagulative  necrosis.  Muscle-fibre  invariably  coagulates 
after  death,  but  generally  preserves  its  striation.     Under  various  influ- 


FiG.  2. — Waxy  Degeneration  of  Muscle,  x  250  (From  a  case  of  typhoid  fever.)  a,  normal  muscle- 
fibre  ;  b,  degenerate  muscle-fibre  broken  up  into  flaky  lumps ;  c,  regenerative  cells  lying  inside  the  sarco- 
lemma ;  d,  connective  tisbue  infiltrated  with  cells. 


ences,  however,  as  e.g.,  after  bruising,  forcible  extension,  raising  of  the 
temperature,  or  febrile  disease,  the  muscle  substance  is  here  and  there 
disintegrated,  and  the  contractile  myosin  coagulates  into  a  lustrous 
homogeneous  mass  (Fig.  2,  b).  This  mass  breaks  up  into  shining  flaky 
lumps.  To  the  naked  eye  muscles  so  affected  have  a  dull  semi-opaque 
lustre,  and  look  not  unlike  the  muscles  of  fish. 

Coagulative  necrosis  very  often  occurs  in  the  course  of  inflammatorj^ 
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processes.  It  is  hardly  ever  quite  absent  where  there  has  been  copious 
exudation.  In  such  cases  it  may  take  one  of  two  forms.  Either  the  effused 
fluid  dissolves  up  the  contained  cells  and  then  coagulates  (Art.  35,  Fig.  1, 
and  Art.  102)  ;  or  the  tissue-cells  themselves  coagulate,  forming  homo- 
geneous lumps  or  fibrous  reticulated  masses.  To  give  an  example,  the 
ordinary  stratified  epithelial  cells  (Fig.  3,  a)  of  the  pharynx  and  soft  pal- 
ate in  diphtheritis  faucium  (diphtheria)  solidify  into  a  peculiarly  formed 
trabecular  mesh-work  (Fig.  3,  c).  Similar  changes  in  the  epithelium  are 
observed  in  various  cutaneous  inflammations,  such  as  sraall-pox.     The  ag- 


FlG.  3. — Section  through  the  Uvula  in  riphtheritis  Faucium.  x  75.  (Aniline  staining. )  a,  normal  epi- 
thelium ;  6,  normal  areolar  tissue  ;  c.  necrosed  epithelium  transformed  into  a  coarse  mesh-work;  d,  areolar 
tissue  infiltrated  with  fibrin  and  leucocj'tes  ;  e,  blood-vessels  ;  /,  hemorrhage  ;  g,  heaps  of  micrococci. 

gregations  of  cells  which  accumulate  in  simple  inflammation  may  also 
solidify  into  pale  hyaline  flakes  or  granular  masses.  Such  solidifications 
occur,  for  example,  in  typhoid  infiltration  of  Peyer's  patches  and  of  the 
lymphatic  glands,  and  in  the  cellular  exudations  which  fill  the  pulmonary 
alveoli  in  caseous  broncho-pneumonia.  The  formation  of  continuous  hya- 
line masses  out  of  cellular  material  may  be  typically  seen  in  diphtheritic 
desquamation  of  mucous  membranes  (Arts.  103  and  425)  ;  the  entire  in- 
filtrated tissue  sometimes  solidifies  in  this  manner. 

The  ground-substance  of  connective  tissue,  hyaline  membranes,  the 
walls  of  blood-vessels,  etc.,  are  all  liable  to  be  transfused  with  coagulable 
liquid,  and  then  to  coagulate  into  homogeneous  masses. 


h.    Caseation. 


39.  Caseation  (or  tyrosis)  is  a  pathological  transformation  of  tissue, 
whose  product  somewhat  resembles  in  appearance  firm  new  Cheshire 
cheese  on  the  one  hand,  or  soft  cream  cheese  on  the  other.     The  name 
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refers  merely  to  the  outward  appearance  of  the  product  ;  the  process 
which  leads  to  its  formation  is  by  no  means  always  the  same. 

In  the  first  form  of  caseation — in  which  the  degenerated  tissue  is  firm, 
tough,  yellowish-white,  and  somewhat  translucent — the  process  is  one  of 
coagulative  necrosis.  This  occurs  most  frequently  in  tissues  which  are 
rich  in  cells  ;  for  example,  in  the  foci  of  tuberculous  disease,  in  cellular 
tumors,  and  in  inflamed  lung.  A  tissue  which  has  become  completely 
caseous  is  always  devoid  of  nuclei,  and  is  either  homogeneous  or  finely 
granular.  The  transformation  of  a  tissue  into  a  firm  cheesy  mass  may 
occur  in  one  of  three  ways.  The  tissue  may  gradually  assume  as  a  whole 
a  more  and  more  homogeneous  appearance,  losing  its  nuclei  the  while. 
Or  detached  homogeneous  masses  may  first  be  formed,  which  later  on 
fuse  together  into  a  continuous  mass.  Or  lastly,  the  tissue-cells  may  first 
dissolve  and  be  replaced  by  granules  and  granular  fibrils  of  fibrin  ;  these 
last  then  close  up  and  coalesce  into  a  dense  uniform  mass.  The  last 
process  is  chiefly  observed  in  the  caseation  of  the  cellular  exudations  of 
pneumonia  ;  the  first  chiefly  in  tissues  which,  in  consequence  of  chronic 
inflammation  or  tuberculosis,  are  the  seat  of  a  fibro-cellular  hyperplasia. 
It  should  be  noted  that  caseating  masses  originally  homogeneous  may,  by 
subsequent  transformation,  take  on  a  more  granular  appearance. 

The  softer  form  of  caseation  changes  the  tissue  to  a  dull  white.  The 
chief  part  of  the  mass  is  made  up  of  granular  fatty  and  albuminous  detri- 
tus. Neither  cells  nor  cellular  structures  are  any  longer  recognizable. 
This  form  of  caseation  is  generally  the  result  of  a  fatty  disintegration  of 
cellular  tissues  or  exudations  (Arts.  50-54),  which  have  lost  water  by 
absorption.  The  tissue  thereupon  becomes  inspissated,  and  its  opaque 
appearance  is  due  to  the  formation  in  it  of  minute  oil-globules. 

The  firmer  and  softer  forms  of  caseous  change  are  not  very  sharply 
distinguished.  At  times  both  forms  may  be  found  together  in  one  organ. 
It  is  even  possible  for  the  firmer  form  to  be  transformed,  by  processes 
physical  or  chemical,  into  the  softer.  The  ultimate  fate  of  caseous  foci 
is  either  softening  and  liquefaction  with  absorption  (Arts.  112-116),  or 
calcification. 

c.    Colliquative  Necrosis  or  Softening. 

40.  Colliquative  necrosis,  in  which  the  affected  tissue  becomes  as 
it  were  liquefied,  is  closely  akin  to  coagulative  necrosis.  In  each  case  the 
necrosed  parts  become  saturated  with  liquid.  Colliquation  may  thus 
either  precede  or  follow  upon  coagulation.  For  example,  the  coagulation 
of  the  blood  and  formation  of  a  clot  is  preceded  by  the  liquefaction  or 
solution  of  certain  cells  contained  in  the  blood.  A  similar  process  may 
be  observed  in  the  case  of  blisters  following  upon  burns. 

The  first  change  perceived  is  an  enormous  swelling  up  of  the  epidermal 
cells  overlying  the  papillse  (Fig.  4,  d) ;  the  cells  being  wholly  or  in  part 
killed  by  the  action  of  the  heat.     This  swelling  up  depends  on  the  ab- 
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sorption  by  the  dead  cells  of  the  liquid  which  transudes  from  the  papillary 
vessels.  It  becomes  at  length  so  extreme  that  the  cell-substance  dis- 
solves completely  and  the  cell-membrane  itself  disappears.  Not  until 
the  tumefaction  and  colliquation  have  reached  a  certain  point — i.e.,  v?hen 
the  cell  is  distended  to  a  mere  vesicle,  or  has  gone  altogether — do  the 
granular  fibrils  which  indicate  coagulation  begin  to  appear  {f,  g,  h). 

In  some  tissues  this  coagulation  after  colliquation  does  not  occur. 
Thus  in  aiiEeinic  necrdsis  (softening)  of  the  brain  we  have  simply 
disintegration  and  liquefaction  of  the  brain-substance.  The  several  con- 
stituents of  the  tissue  break  up,  and  dissolve  in  the  liquid  which  is 
poured  out  from  the  vessels.     They  are  then  absorbed,  and  the  liquid 


Fig.  4.— Section  througli  the  Epidermis  and  Paplllse  after  a  Burn,  x  250.  The  preparation  (carmine- 
stained)  is  from  a  cat's  paw  which  had  be?n  burned  with  melted  sealing  wax.  a,  horny  layer;  &,  rete  Mal- 
pighii ;  c,  normal  papilla  ;  d,  swollen  epithelial  cells  (in  some  the  nucleus  is  still  visible,  in  others  not)  ;  e, 
interpapillary  cells  (those  below  are  uninjuri?d,  those  near  the  surface  are  swollen  and  stretched) ;  /,  fibrin- 
ous mesh- work  (composed  of  cells  and  exudation  ;  cell-structure  altogether  lost) ;  §■,  swollen  cells  without 
nuclei ;  h.  interpapillary  layer  of  cells  stripped  off  and  destroyed  ;  A,  subepithelial  exudation  (coagulated)  ; 
i,  depressed  papilla,  infiltrated  with  cells  and  disappearing. 


becomes  gradually  clear  again  ;  but  there  is  no  coagulation.  The  reason 
of  this  probably  is — that  brain-substance  contains  but  few  coagulable 
matters,  and  on  the  other  hand  that  the  effused  lymph,  not  being  the  re- 
sult of  acute  inflammation,  contains  but  little  fibrinogen  or  fibrinoplastin. 
The  same  thing  is  at  times  to  be  observed  in  other  tissues,  as  for  instance 
in  so-called  "  softening  of  the  heart,"  when  the  muscle-substance  has 
already  undergone  fatty  degeneration.  Here  the  antecedent  degenera- 
tion has  notably  diminished  the  amount  of  coagulable  matter  in  the 
muscular  tissue. 

But  colliquation  of  the  tissues  may  follow  upon  coagulation  as  well  as 
precede  it.  It  is  a  very  frequent  occurrence  for  coagulated  exudations 
(as  in  croupous  pneumonia)  or  thrombi  to  break  down  and  liquefy.  This 
liquefaction    of    coagulated   masses  is  always    accompanied    by   certain 
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chemical  changes,  the   efficient   causes   of  which  are  frequently  of  the 
nature  of  organized  ferments  (Art.  42). 


d.  Dry  Gangrene  or  Mummification. 

41.  Dry  gangrene  is  commonly  the  result  of  necrosis  in  parts  which 
are  exposed  to  the  air. 

Typical  examples  are  afforded  by  the  so-called  senile  gangrene  of  the 
extremities,  especially  of  the  toes  and  feet  ;  and  likewise  by  the  necroses 
of  the  same  parts  following  upon  frost-bite.  In  the  first  case,  the 
necrosis  is  determined  by  defective  blood-supply,  partly  owing  to  general 
feebleness  of  the  circulation,  and  partly  to  local  changes  in  the  blood- 
vessels. 

The  affected  part  is  generally  engorged  with  blood  when  necrosis  sets 
in,  and  thus  exhibits  a  dark  or  livid  coloration.  The  engorgement  is  due 
to  stagnation  of  the  blood-current  from  mere  feebleness  of  propulsion. 
After  the  death  of  the  part,  the  coloring-matter  of  the  blood  transudes 
and  gives  the  tissues  their  dark-red  appearance.  At  the  same  time  the 
tissues  begin  to  dry  up  by  evaporation.  This  drying  process  is  notably 
accelerated  when  the  epidermis  separates,  as  happens  when  the  engorge- 
ment has  been  extreme,  and  in  frost-bite.  The  part  becomes  first 
leathery,  and  then  perfectly  hard,  brittle,  and  black.  Under  the  micro- 
scope the  tissue-elements  are  seen  to  be  shrunken  and  withered. 

Dry  gangrene  or  withering  is  a  physiological  process  as  it  affects  the 
stump  of  the  umbilical  cord  in  infants.  Between  the  sound  tissue  and 
the  gangrenous  there  is  formed  an  inflammatory  line  of  demarcation  (Art. 
115).  Dry  gangrene  may  at  times  occur  as  a  later  stage  of  moist 
gangrene. 

c.  Moist  Gangrene  or  Sphacelus. 

42.  Moist  gangrene  is  necrosis  followed  by  decomposition  and 
putrefaction  of  the  necrosed  tissue.  If  septic  organisms  reach  a  dead 
tissue  which  is  rich  in  blood  or  other  liquid,  it  very  soon  begins  to  de- 
compose. The  organisms  may  reach  the  part  either  directly  from  the 
air  (as  in  gangrene  of  the  skin  or  lungs),  or  through  the  channel  of  the 
circulation  (as  in  gangrene  of  the  testis,  or  of  the  foot).  Parts  which  are 
exposed  and  abound  in  blood-vessels,  such  as  the  foot,  become  livid  from 
diffusion  of  the  coloring-matter  of  the  blood.  The  epidermis  frequently 
rises  in  blisters  and  bullae.  Soon  the  putrefying  tissue  begins  to  stink, 
and  then  to  disintegrate.  Slight  mechanical  causes  readily  give  rise  to 
wounds,  and  in  these  the  tissue  is  seen  to  be  infiltrated  with  discolored 
blood,  and  it  is  brittle  or  even  tinder-like.  Corresponding  to  the  obvious 
naked-eye  disintegration  of  the  structure  are  the  profound  chemical 
changes  which  take  place  (Arts.  191,  192)  ;  and  the  final  result  is  the 
total    destruction    of  the   tissue   as   such.     Not  infrequently  gases   are 
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evolved  during  the  process,  giving  rise  to  so-called  gangrenous 
emphysema  {cjangrlne  gazeuse).  The  rapidity  of  the  destructive  pro- 
cess depends  greatly  on  the  nature  of  the  aifected  tissue.  Bone  pre- 
serves its  form  for  a  long  time  in  the  midst  of  a  gangrenous  mass,  while 
the  soft  parts  perish  very  quickly. 

The  microscope  shows  that  in  this  process  of  decay  septic  organisms 
are  always  present  (Arts.  193  et  seq.).  Blood-corpuscles  quickly  cease  to 
be  distinguishable,  inas'much  as  they  break  ujd  and  dissolve,  or  here  and 
there  become  transformed  into  granular  pigmented  masses.  Other  cells 
become  turbid,  lose  their  nuclei,  break  up,  and  disappear.  Fat-cells 
disintegrate,  and  the  oil  they  contain  mingles  in  small  globules  with  the 
gangrenous  mass.  The  fibres  of  the  connective  tissue  swell  up,  grow 
turbid  and  ill-defined,  and  finally  dissolve.  Elastic  tissue,  tendon,  and 
cartilage  hold  out  for  a  long  time,  but  ultimately  perish  in  like  manner. 
In  general  terms  we  may  put  it — that  gangrene  involves  the  gradual 
solution  of  the  solid  constituents  of  the  tissue,  and  results  in  the  forma- 
tion of  a  dirty  gray,  grayish-black,  or  grayish-yellow,  opaque,  semi-fluid 
mass,  mixed  with  shreds  and  remnants  of  various  structures.  The  various 
normal  elements  of  the  tissue  thus  disappear  in  succession  ;  while  new 
crystalline  products  of  chemical  decomposition  appear  instead,  such  as 
fatty  needles  of  margarin,  needles  of  tyrosin,  spherules  of  leucin,  "  sar- 
cophagus-crystals "  of  triple  phosphates,  and  granules  of  black  or  brown 
pigment. 

In  the  later  stages  of  putrefaction,  mould-fungi  at  times  make  their 
appearance  on  parts  exposed  to  the  air  (Art.  221). 

[Further  details  of  the  tissue-changes  in  gangrene  may  be  found  in 
Demme,  "  Ueber  die  Veranderungen  der  Gewebe  bei  Brand,"  Frankfort, 
1857  ;  and  in  Rindfleisch,  "  Pathological  Histology"  (Sydenham  Soci- 
ety). See  also  Chauveau,  "  Necrobiose  et  gangrene,"  Paris,  1873  ; 
Paget,  "  Surgical  Pathology." 

Putrid  decomposition,  and  therefore  also  gangrene,  can  arise  only 
through  the  agency  of  micro-organisms.  Furthermore,  the  presence  of  a 
certain  proportion  of  water  in  the  tissue  is  essential.  If  the  tissue  dry 
up,  the  development  of  septic  organisms  ceases,  or  is  at  least  seriously 
retarded  ;  and  with  it  also  the  process  of  decomposition.  The  chemical 
products  of  the  gangrenous  decomposition  of  the  tissues  are  hydrocar- 
bons, ammonium  sulphide,  sulphuretted  hydrogen,  valerianic  acid,  buty- 
ric acid,  etc.  ;  and  ultimately  carbonic  acid,  ammonia,  and  water.] 


CHAPTER    IX. 
SBIPLE  ATEOPHY  AND  PIGMENTARY   PEGENEEATION. 

43.  In  treating  of  .malformations,  we  showed  that  in  consequence  of 
arrested  development  members,  organs,  or  parts  of  organs  may  be  ill- 
grown,  misformed,  or  altogether  wanting.  Or  if  the  plastic  energy  that 
determines  growth  be  deficient,  the  entire  organism  or  some  of  its  parts 
may  be  dwarfed  and  stunted.  Defective  development  of  this  kind,  i.e., 
aplasia  or  hypoplasia,  may  occur  after  birth  as  well  as  before  it.  So  long 
as  the  organism  continues  to  grow,  so  long  as  new  parts  or  organs  con- 
tinue to  be  formed  in  it,  so  long  is  its  growth  liable  to  be  checked  by 
external  or  internal  influences. 

We  may  often  observe  this  hypoplasia  in  the  child.  At  birth  it  may 
have  been  anything  but  puny,  yet  under  the  operation  of  external  causes, 
such  as  defective  nutrition,  various  kinds  of  disease,  or  others  less  easily 
recognized,  it  later  on  shows  signs  of  imperfect  development  in  some  of 
its  systems  or  organs.  The  consequence  is  a  dwarfing  of  the  entire  frame 
or  of  its  parts,  very  often  associated  with  faulty  structure  and  function 
of  the  viscera.  This  hypoplasia  makes  itself  especially  evident  when  the 
bones  are  badly  developed,  as  also  when  the  heart  and  great  vessels,  the 
genital  organs,  or  the  central  nervous  system  are  undergrown.  The 
association  referred  to  is  observed,  for  example,  in  cretins,  whose  bones 
are  generally  ill-grown  ;  and  in  chlorotic  females,  where  with  hypoplasia 
of  the  vascular  system  there  is  also  some  imperfection  of  the  generative 
functions. 

Now  atrophy  is  not  to  be  confounded  with  such  hypoplasias  or 
aplasias.  In  atrophy  we  have  to  do  not  with  defective  development,  but 
with  retrogressive  change  in  parts  originally  well  formed  and  well  grown. 

44.  The  life  of  an  organ,  like  that  of  an  individual,  is  limited  in  its 
duration.  The  active  cell-growth  of  the  period  of  development  is  suc- 
ceeded by  a  stage  in  which  the  formative  activity  is  less  marked.  In  the 
latter  stage  the  equilibrium  between  cell-growth  and  cell-decay  is  main- 
tained with  but  slight  oscillations  to  one  side  or  the  other. 

In  old  age  this  equilibrium  is  disturbed,  and  decay  has  the  upper 
hand.  An  involution  (the  reverse  of  evolution)  of  the  entire  organism 
and  of  its  parts  takes  place.  Thus  a  man  ultimately  dies,  even  when 
there  is  no  question  of  disease,  so  soon  as  the  advancing  involution  of  his 
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vital  organs  reaches  a  stage  at  which  they  can  no  longer  efficiently  per- 
form their  functions. 

But  besides  this  general  retrogression,  or  senile  decay,  there  is  a 
physiological  retrogression  of  particgular  organs,  which  takes  place  much 
earlier  in  life.  The  generative  organs  in  woman  lose  their  functional 
power  long  before  extreme  old  age.  The  thymus  gland  has  undergone 
complete  degeneration  by  the  age  of  adolescence.  Various  tissues,  like 
the  hyaline  cartilage  which  is  the  first  rudiment  of  bone,  are  in  their  very 
nature  temporary  structures.  The  several  tissues  then,  like  the  organism 
itself,  inherit  but  a  measured  lease  of  life. 

Considered  anatomically,  retrogression  shows  itself  in  an  organ  by 
diminution  of  its  size;  microscopically,  by  diminution  and  ultimate  disap- 
pearance of  its  constituent  elements,  especially  of  the  elements  which  are 
special  to  it. 

45.  An  organ,  toward  the  close  of  its  life,  undergoes  what  we  have 
called  a  physiological  retrogression.  But  analogous  retrogressive  pro- 
cesses may  occur,  as  it  were  prematurely,  under  pathological  conditions. 
Their  result  we  describe  as  simple  atrophy. 

This  pathological  atrophy  is  distinguished,  like  the  other,  by  shrinking 
of  the  organ  affected,  or  by  diminution  in  size  and  number  of  its  essential 
elements. 

In  the  case  of  dense  parenchymatous  organs  like  the  liver,  kidney, 
heart,  or  brain,  the  shrinking  is  the  first  thing  which  is  likely  to  strike 
us.  If  the  shrinking  has  been  uniform  the  surface  remains  smooth;  if  it 
has  been  irregular  the  surface  looks  uneven  and  granular,  and  the  exter- 
nal form  of  the  organ  may  be  altered.  On  the  other  hand,  atrophy  of 
bone  shows  itself  rather  by  thinning  of  the  trabeculas  and  widening  of 
the  medullary  cavities,  than  by  any  general  diminution  in  size.  So  too 
in  the  lungs,  we  recognize  the  occurrence  of  atrophy  by  the  inci'eased  size 
of  the  air-spaces,  and  the  loss  in  part  of  the  alveolar  septa. 

Compared  with  the  shrinking  and  loss  of  substance,  the  pigmentary 
change  so  often  associated  with  atrophy  is  of  minor  importance.  It  is 
a  secondary,  non-essential  phenomenon  in  the  process.  It  depends  either 
on  the  fact  that  the  normal  pigmentation  of  the  tissue  becomes  more  pro- 
nounced as  the  essential  elements  disappear  ;  or  on  an  actual  deposition 
of  pigment  associated  with  the  atrophic  process  ;  or  lastly  on  some  altera- 
tion in  the  amount  of  blood  contained  in  the  tissue. 

46.  The  shrinking  of  an  atrophied  organ  is  due  to  the  fact  that  its 
elements  dwindle  and  disappear.  Here,  as  in  the  case  of  senile  involu- 
tion, it  is  the  proper  and  specific  elements  of  the  organ  which  suffer  the 
most;  and  the  supporting  framework  of  connective  tissue  the  least.  It 
is  in  fact  ver}'^  frequently  observed  that  the  connective  structures  remain 
perfectly  intact  or  even  increase  and  grow,  while  the  specific  elements 
have  already  disappeared.  Thus  in  the  illustration  (Fig.  5)  of  a  muscle 
undergoing  atrophy,  the  contractile  substance  (a)  contained"  within  the 
sarcolemma  has  distinctly  dwindled  (b).     But  the  connective  tissue  sepa- 
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rating  the  fibrillae  remains  undiminished  ;  the  nuclei  of  its  cells  seem  even 
to  have  multiplied. 

Similar  appearances  are  readily  observed  in  atrophied  liver-tissue. 
There  every  one  of  the  gland-cells  may  have  vanished,  and  yet  there  may 
be  no  diminution  in  the  amount  of  the  connective-tissue  framework.     So 


Fig.  5. — Section  of  an  Atrophied  Muscle,  x  800.  (From  a  case  of  progressive  muscular  atrophy;  Bis- 
marck-brown staining:.)  a,  normal  muscle-fibre:  ft,  atrophied  muscle-fibre;  c,  perimysium  internum,,  in. 
which  the  nuclei  as  at  c^  are  seen  to  be  increased  in  number. 

too  in  preparations  of  brain  and  spinal  cord,  the  ganglion  cells  may  have 
altogether  disappeared,  without  any  visible  change  in  the  neuroglia. 

[Adipose  tissue  is  peculiar  in  its  mode  of  atrophy.  The  fat  in  the 
cells  breaks  up  into  small  oil-globules  which  are  absorbed;  the  empty 
cells  return  to  their  first  condition  of  ordinary  connective-tissue  cells. 
At  times  the  disappearance  of  the  contained  fat  is  followed  by  prolifera- 
tion of  the  nuclei  (atrophic  proliferation).  If  serum  transude  into 
the  tissue  after  the  fat  has  gone,  the  tissue  becomes  gelatinous  in  appear- 
ance (serous  atrophy).  If,  lastly,  pigment  be  deposited  in  the  atro- 
phied fat-cells,  the  tissue  becomes  yellow  or  yellowish-brown  (pigment- 
ary atrophy).  See  Flemming,  "  Archiv  f.  mikroskop.  Anatomic,"  vii., 
and  "  Virch.  Arch.,"  vol  lii.] 

47.  Atrophy  may  result  from  various  causes.  It  has  already  been 
indicated  (x\rt.  44)  that  the  tissues  may  themselves  possess  inherent 
properties  which  determine  their  retrogression  and  decay.  The  efficient 
cause  of  this  form  of  atrophy  (described  as  active  atrophy)  is  that  the 
cells  are  no  longer  able  to  assimilate  properly  the  nutriment  brought  to 
them.  Atrophy  like  this,  depending  on  internal  conditions,  seldom  oc- 
curs as  a  pathological  process.  Only  the  so-called  atrophy  of  inaction 
and  trophoneurotic  atrophy  should  perhaps  be  classed  as  pathological. 

Atrophy  of  inaction  occurs  in  organs  that  are  subject  to  the  direct 
influence  of  the  nervous  system,  and  perform  their  specific  functions  in 
obedience  to  nervous  influence.  Such  are  glands,  nerves,  and  muscles. 
If  a  muscle  or  a  gland  be  condemned  to  inaction  for  any  length  of  time, 
it  is  apt  to  undergo  atrophy.  It  is  not  unnatural  to  infer  that  the  atro- 
phy dejDends  on  the  absence  of  functional  activity  in  the  cells,  and  to 
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frame  the  liypothesis  that  nutrition  and  functional  activity  go  hand  in 
hand  and  fail  off  together. 

A  typical  instance  of  trophoneurotic  atrophy  is  seen  in  the  rapid 
disappearance  of  the  muscles  in  cases  where  their  proper  nerves  have 
been  injured,  or  where  there  is  disease  of  the  anterior  horns  of  gray  mat- 
ter in  the  cord.  It  appears  that  certain  ganglion-cells  in  the  anterior 
horns  have  a  powerful  influence  on  the  nutrition  of  the  muscles  in  con- 
nection with  them.  The  disappearance  of  these  cells,  or  the  severance 
of  their  connection  with  the  muscles,  involves  inevitably  the  atrophy  of 
the  latter. 

Leaving  these  cases  out  of  account,  we  may  fairly  refer  all  other 
forms  of  premature  atrophy  to  defective  nutrition.  The  process  of  the 
atrophy  is  the  same  whatever  be  the  particular  factor  underlying  the  de- 
ficiency. This  factor  may  be  general  anaemia,  local  change  in  the  nu- 
trient vessels,  defective  assimilation,  or  any  other  disorder  of  the  kind  ; 
but  it  can  at  most  determine  the  site  and  extent  of  the  atrophy,  not  the 
process.  Atrophy  of  this  kind,  occasioned  by  diminished  nutrition,  is 
distinguished  as  passive  atrophy.  Atrophy  consequent  on  pressure  is 
brought  about,  partly  by  mechanical  hindrance  of  the  cell-functions, 
partly  by  direct  injury  to  the  tissue,  partly  by  interference  with  the  cir- 
culation. 

[Cohnheim  ("Handbuch  d.  allgemeinen  Pathologie  ")  includes  atro- 
phy of  inaction  among  the  passive  atrophies,  and  maintains  that  it  de- 
pends on  diminished  blood-supply.  It  is  not  easy  to  believe  that  this 
explanation  is  in  all  cases  adequate.  Without  undervaluing  the  impor- 
tance of  the  blood-supply,  there  seems  to  be  no  objection  to  the  theory 
that  the  assimilative  power  of  an  active  working  cell  may  be  greater 
than  that  of  one  which  is  at  rest.] 


CHAPTER  X. 
CLOUDY  SWELLING  AND  DEOPSICAL  DEGENEEATION. 

48.  The  term  cloudy  swelling  or  parenchymatous  degeneration 

is  due  to  Virchow  ("  Virch.  Arch.,"  vols,  iv.,  xiv.).  He  describes  by  it  a 
certain  swelling  up  of  the  elements  of  a  tissue  by  imbibition  or  accre- 
tion ;  and  defines  it  as  a  form  of  hypertrophy  with  a  tendency  to  degen- 


FiG.  6. — Cloudy  Swelling  of  the  Renal  Epithelium,  x  800.  (Preparation  treated  with  chromic  acid  and 
ammonia.)  a,  normal  epithelium  ;  6,  cloudy  swelling  commencing ;  c,  advanced  degeneration ;  d,  loose  de- 
generate epithelium. 


eration.  The  degenerative  side  of  the  process  is  the  more  important  one. 
Histological  investigation  shows  that  the  process  consists  in  the  forma- 
tion of  free  granules  in  the  substance  of  the  affected  cells,  which  may, 
for  example,  be  those  of  the  renal  epithelium,  of  the  liver,  or  of  the 
heart-muscle.  These  free  granules  are  to  be  regarded,  from  their  micro- 
chemical  reactions,  as  albuminoid  bodies  ;  they  are  soluble  in  acetic  acid 
and  insoluble  in  alkalies  or  ether.     Their  presence  gives  the  cell  a  turbid 
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or  cloudy  appearance,  and  its  normal  form  and  structuro  (][uickly  disap- 
pear. Thus  in  cloudy  swelling-  of  the  renal  epithelium  (Fig.  G),  the  cells 
lose  their  longitudinal  markings  and  the  processes  which  normally  pro- 
ject into  the  lumen  of  the  tubule  {a).  The  cell  as  it  swells  becomes 
rounder,  and  dark  granules  appear  within  iu  {0,  c).  The  process  depends 
on  a  degeneration  of  the  cell-protoplasm.  The  cell  becomes  infiltrated 
with  liquid,  and  a  partial  separation  of  its  solid  and  liquid  constituents 
takes  place.     The  degenerative  process  often  ceases  when  it  has  reached 

1^ 


Fig.  7. — Section  through  a  "  Mucous  Patch  "  (conci2/Zom«  Zaiwm  arai)-  x  100-  (Aniline-brown  staining.) 
a,  horny  layer  of  the  epidermis ;  ft,  rete  Malpighii ;  c,  corium  ;  d,  horny  layer  .'iwollen  up  and  infiltrated 
with  leucocytes  ;  <?,  swollen  cells  of  the  rete  Malpighii ;  /,  swollen  epithelium  infiltrated  with  cells  ;  g,  de- 
generate epithelial  cells,  into  which  leucocytes  have  made  their  way  ;  h,  graniilar  coagula  ;  i,  swollen  papilla, 
infiltrated  with  cells  ;  fc,  corium  infiltrated  with  cells  and  fibrin  ;  /,  lymphatic  vessel  ;  m,  sweat  gland. 

a  certain  stage,  and  the  cell  returns  to  its  former  normal  condition.  In 
other  cases,  the  cell-substance  perishes  and  breaks  up  into  granular  de- 
tritus. Frequently  the  process  is  associated  with  fatty  degeneration 
(Art.  50). 

Cloudy  or  granular  degeneration  is  of  very  common  occurrence.  Tt  is 
found  in  the  parenchymatous  organs,  such  as  the  liver,  kidneys,  and 
heart,  in  most  cases  of  infectious  disease  ;  but  chiefly  in  scarlet  fever,  ty- 
phoid fever,  small-pox,  erysipelas,  diphtheria,  septicaemia,  etc.  The  af- 
fected organs  have  a  cloudy,  dull,  often  grayish  look  ;  in  the  severer 
cases  they  look  as  if  they  had  been  boiled.  They  contain  an  abnormally 
small  quantity  of  blood,  and  are  doughy  in  consistence.  The  minuter 
structure  of  the  organ  is  blurred  or  altogether  destroyed. 
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There  is  a  certain  morbid  change  in  connective-tissue  cells  which 
may  be  classed  under  this  head.  It  is  frequently  observed  in  cedematous 
or  inflamed  connective  tissue.  The  affected  cells  swell  up,  and  dark  sphe- 
rules form  in  the  nucleus  as  well  as  in  the  cell-protoplasm.  These  sphe- 
rules, with  which  the  cells  are  often  tightly  crammed,  are  distinguished 
by  their  power  of  taking  up  an  intense  color  when  stained,  especially  with 
aniline  dyes  ;  in  this  they  behave  like  micrococci.  Their  significance  is 
not  understood,  though  their  formation  may  probably  be  regarded  as  evi- 
dence of  a  retrogressive  change. 

49.  The  term  dropsical  degeneration  fairly  describes  a  morbid 
change  observed  chiefly  in  epithelial  cells.  They  imbibe  liquid  and  be- 
come sodden  and  swollen.  The  process  is  near  akin  to  cloudy  swelling  and 
degeneration,  though  the  changes  in  the  dropsical  cells  are  of  a  somewhat 
peculiar  nature.  The  imbibed  liquid  causes  the  cell  to  appear  translucent 
(Fig  7,  e).  The  granules  of  the  protoplasm  are  pushed  asunder,  and  often 
crowded  toward  the  periphery  ;  so  that  the  cell  comes  to  resemble  some- 
what a  vegetable  cell  (y  and  g).  It  becomes  at  the  same  time  vacuolated, 
the  spherical  vacuoles  containing  clear  liquid.  The  nucleus  also  swells 
up,  and  at  length  appears  as  a  distended  vesicle  with  clear  contents. 
Changes  of  this  kind  may  be  seen  in  the  cells  of  dropsical  tissues  and  in 
inflammation.  In  inflammation  it  is  chiefly  the  epithelial  cells  that  ex- 
hibit marked  changes  (Fig.  7,  c?,  e, /*,  g).  In  stained  preparations  the 
dropsical  cells  remain  brighter  than  the  healthy  ones. 


CHAPTER  XL 


FATTY  DEGENEEATION. 


50.  If  parenchymatous  degeneration  (Art.  48)  go  beyond  a  certain 
point,  it  often  passes  into  fatty  degeneration,  tiiat  is  to  say,  fat-glo- 
bules form  in  the  disintegrating  cells.  This  variety  of  fatty  degeneration 
is,  however,  of  limited  occurrence,  compared  with  the  other  varieties  to 
which  the  organism  is  liable. 

Fat,  as  we  know,  occurs  in  the  body  in  considerable  amount  even 
under  normal  conditions.  Certain  regions,  and  especially  certain  tissues 
of  the  fibrous  type,  like  the  subcutaneous  and  subserous  structures,  the 
marrow,  etc.,  are  always  rich  in  fat.  The  fat  is,  as  it  were,  stored  up  in 
these  special  regions,  being  either  derived  from  without,  or  formed  on 
the  spot  in  the  cells  of  the  tissue  itself.  Increase  of  the  quantity  in 
store,  whether  due  to  increased  supply  or  diminished  expenditure,  does 
not  rightly  come  under  the  title  of  fatty  degeneration.  We  distinguish 
it  as  lipomatosis  (obesity,  adiposity).  Within  limits  it  must  be  deemed 
physiological  ;  when  excessive  it  may  pass  into  the  domain  of  pathology. 
In  such  extreme  cases,  fat  is  found  in  cells  which  normally  contain  none. 
The  fatty  deposit  takes  the  form  of  oily  drops,  which  soon  coalesce  into 
larger  spherules  ;  until  at  length  a  single  large  fat-globule  occupies  the 
entire  cell.  Fatty  infiltration  of  this  kind  affects  chiefly  the  cells  of  the 
connective  tissue  in  particular  regions,  and  the  liver-cells. 

True  fatty  degeneration  must  of  course  be  distinguished  from  lipoma- 
tosis or  fatty  infiltration.  The  fat  which  occurs  in  the 
former  is  not  fat  in  store,  so  to  speak  ;  it  is  fat  resulting 
from  the  disintegration  of  albumen  in  the  affected  cells. 
Inasmuch  as  fat  is  normally  formed  from  the  albumen  of 
the  cells,  and  is  consumed  as  it  is  formed,  we  are  driven 
to  suppose  that  in  fatty  degeneration  either  the  disinte- 
gration of  albumen  is  increased,  or  the  consumption  of 
the  fat  produced  is  impeded.  Both  these  things  may 
occur,  but  it  is  specially  to  be  noticed  that  in  fatty  degen- 
eration the  lost  albumen  is  not  replaced,  so  that  the  pro- 
duction of  fat  is  associated  with  atrophy. 

51.  A  cell  undergoing  fatty  degeneration  always  shows 
larger  or  smaller  oil-drops  in  its  interior.     These  are  colorless,  bright, 
dark  contoured,  insoluble  in  acetic  acid,  soluble  in  alcohol  and  in  ether. 


Pio.  8.  —  Fatty 
Degeneration  of  the 
Muscles  of  the 
Heart.     +  350. 
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In  perosmic  acid  they  stain  black.  The  number  and  size  of  the  oil-drops 
in  the  interior  of  a  cell  vary  greatly  ;  the  size  even  of  the  largest  is  not 
usually  great.  Thus,  for  example,  in  fatty  degeneration  of  the  muscle  of 
the  heart,  we  find  more  or  fewer  according  to  the  degree  of  the  degen- 
eration (Fig.  8).  But  the}'-  are  all  small  and  seldom  coalesce  into  larger 
drops  ;  they  never  form  very  large  ones.  In  fatty  degeneration  of  the 
kidney  (Fig.  9)  the  appearances  ax-e  similar  ;  but  the  size  of  the  oil-glob- 
ules is  not  so  regular  (c,  e). 


Fig.  0. — Amyloid  and  Fatty  Degeneration  of  the  Kidney.  +  300.  (Prepara  tion  treated  with  Miiller's  fluid 
and  perosmic  acid.)  a,  normal  capillary  loop  ;  6,  amyloid  capillary  loop  (Art.  57) ;  c,  fatty  epithelium  of  the 
glomerulus  ;  Cj,  f.tty  epithelium  of  the  capsule  ;  d,  oil  drops  on  the  capillary  walls  ;  e.  fatty  epithelial  cells 
in  situ  ;  /,  loosened  fatty  epithelial  cells  :  g.  hyaline  coagula  (forming  •'  casts")  ;  A,  fatty  cast  in  section  ; 
i,  amyloid  artery  ;  k,  amyloid  capillary  ;  I,  infiltration  of  connective  tissue  witti  leucocytes;  to,  round-cells 
(leucocytes)  inside  a  uriiiiferous  tubule. 

When  the  degeneration  becomes  more  advanced,  the  fatty  epithelial 
cells  are  shed  and  become  disintegrated  (/').  The  oil-globules  they  con- 
tain are  thus  set  free  and  accumulate  in  the  tubules  (/i). 

Fatty  degeneration  may  occur  in  connective-tissue  cells  as  well  as  in 
epithelial  cells.  If  it  affect  entire  cell-groups  or  systems,  it  may  be 
recognized  even  by  the  unaided  eye  ;  and  the  more  readily  as  the  degen- 
eration is  more  advanced,  the  proper  color  of  the  tissue  less  marked,  and 
the  amount  of  blood  present  less  considerable.  Colorless  transparent 
structures,  like  the  intima  of  the  heart  (endocardium)  and  great  vessels,. 
take  on  an  opaque  white  appearance  ;  the  cortical  tissue  of  the  kidney 
becomes  grayish  white  or,  when  the  fatty  change  is  greater,  opaque 
yellowish  white  ;  the  heart-muscle  becomes  yellowish  ;  and  voluntary 
muscle  pale  yellowish  brown. 

If  complete  disintegration  of  the  tissue  follow  upon  fatty  degenera- 
tion, and  if  the  mass  of   detritus   lose  water  and  become  condensed,  the 
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fatty  change  passes  into  caseation  (Art.  39)  ;  and  the  tissue  assumes  a 
dull  white  cheesy  appearance. 

Like  the  cells  of  solid  organs,  the  cells  of  organic  liquids  such  as  pus, 
and  those  of  coagulated  exudations,  very  often  undergo  true  fatty  degen- 
eration ending  in  their  complete  destruction  as  cells, 

[In  tissues  undergoing  fatty  degeneration,  as  also  in  liquids  whose  cells 
are  degenerating,  there  are  very  frequently  found  cells  crammed  full  of 
fat-granules.  They  are  referred  to  as  "  fat-granule  cells."  Their  origin 
is  only  in  part  traceable  to  fatty  degeneration  of  the  cells  themselves.  They 
are  rather  to  be  looked  upon  as  migratory  corpuscles  which  have  taken 
up  the  fatty  products  of  disintegration,  and  so  have  become  transformed 
into  granule-carriers  (Art.  114).     See  Reinhardt,  "  Virch.  Arch.,"  vol.  i.] 

53.  The  cause  of  fatty  degeneration  is  to  be  sought  in  an  alteration  in 
the  constitution  of  the  blood,  i.e.,  of  the  nutriment  supplied  to  the  cells. 
Deficient  supply  of  oxygen  plays  a  chief  part  in  it.  To  this  must  be 
ascribed,  on  the  one  hand,  the  disintegration  of  albumen  and  the  forma- 
tion of  fat  ;  on  the  other  hand,  the  fact  that  the  fat  produced  is  not 
straightway  consumed. 

If  to  the  lack  of  oxygen  there  is  added  a  deficiency  of  proper  nutri- 
ment, so  that  the  albumen  which  is  used  up  by  transformation  into  fat 
is  not  replaced,  the  amount  of  albumen  in  the  affected  part  must  of 
course  diminish. 

Corresponding  to  the  case  just  indicated,  we  find  fatty  degeneration 
taking  place  in  conditions  which  are  associated  with  general  or  local 
anaemia.  For  example,  if  the  blood  becomes  diseased  in  such  a  way  (an- 
aemia, leukaemia)  that  its  power  of  taking  up  oxygen  is  diminished,  and 
its  nutritive  value  lowered,  fatty  degeneration  is  found  to  occur  in  the 
most  widely  different  organs.  The  same  thing"  comes  to  pass  in  particu- 
lar organs  which  happen  to  receive  too  little  blood,  either  in  consequence 
of  disease  in  the  afferent  vessels,  or  because  the  outflow  of  blood  from 
them  is  checked  and  its  renewal  hindered.  Lastly,  organs  like  the  mus- 
cles which  for  any  reason  are  left  unexercised,  and  so  fail  to  undergo  an 
adequate  amount  of  tissue-change,  are  very  apt  to  become  fatty. 

Various  poisons,  such  as  phosphorus,  arsenic,  and  the  ferments  which 
produce  fevers,  may,  like  imperfect  oxygenation,  lead  to  disintegration 
of  the  albumen  of  the  tissues  and  so  to  fatty  degeneration. 

[We  still  seem  far  distant  from  an  exact  understanding  of  the  origin 
and  the  ultimate  fate  of  the  fat  which  is  formed  in  the  body  in  physiolog- 
ical and  pathological  conditions.  Hoppe-Seyler  ("  Physiolog.  Chemie  "  ) 
inclines  to  think  that  fat  cannot  be  formed  directly  from  albumen.  He 
regards  it  as  not  unlikely  that  glycogen  is  first  formed,  and  from  the 
glycogen  fat.  Voit  ("  Zeitschr.  f.  Biol.,"  v.,  and  "  Neues  Rep.  f.  Phar- 
macie,"  xx.),  on  the  other  hand,  thinks  it  quite  certain  that  fat  may  be 
formed  at  once  from  albumen;  compare  Quain,  " Medico-Chir.  Trans.," 
6 
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vol.  xxxiii.  According  to  Hermann,  it  is  probable  that  certain  products 
derived  from  the  disintegration  of  albumen  are  normally  utilized  in  re- 
generative processes.  If  the  oxygen  needed  for  regeneration  is  wanting, 
these  products  cannot  be  utilized  and  disintegrate  still  further  ;  the  ex- 
penditure of  fresh  material  is  thus  increased.  Binz  and  Schulz  ("  Arch. 
f.  exper.  Path.,"  vol.  xiv.)  hold  that  the  cells,  in  their  avidity  for  oxygen, 
take  it  up  from  the  blood  so  long  as  the  blood  continues  to  part  with  it  ; 
when  it  ceases  to  do  so  the  cells  attack  each  other,  and  act  as  mutual 
reducing  agents.  The  lateral  "  chain "  of  the  albumen-molecule  (the 
chain  which  includes  the  nitrogen,  on  the  theory  of  these  chemists)  is 
thus  broken  ;  the  consequence  is  increased  production  of  urea  and  of  fat. 
They  explain  in  this  way  the  fatty  changes  observed  in  carbonic  oxide 
poisoning.  Bence  Jones  ("  Lectures  on  Pathology,  etc.")  accounts  for 
the  proneness  of  the  liver  to  become  fatty  in  a  somewhat  similar  way. 
See  also  Ranvier  ("  Societe  anat.,"  18G8). 

On  the  effect  of  phosphorus  in  inducing  fatty  change,  see  Voit  and 
Bauer  ("  Zeitschr.  f.  Biol.,"  vii.),  Lewin  ("  Virch.  Arch.,"  vol.  xxi.),  Ran- 
vier ("  Soc.  de  Biologie,"  1866).] 

53.  It  is  generally,  though  not  always,  easy  to  decide  whether  the  fat 
present  in  the  cells  of  an  organ  is  a  product  of  degeneration,  or  simply  a 
deposit  by  way  of  storage.  It  is  commonly  stated  that  the  fat  of  degen- 
erative atrophy  appears  in  the  form  of  minute  non-coalescent  drops  ; 
while  deposited  fat  occurs  in  large  drops  which  readily  run  together. 
This  is  true  of  most  tissues,  but  not  of  all.  It  is  true,  for  example,  of 
striated  muscle,  heart-muscle,  non-striated  muscle,  neuroglia,  etc.  But 
when  the  renal  epithelium  becomes  fatty,  fat-globules  of  very  considera- 
ble size  are  sometimes  formed.  In  the  liver  again,  the  fat  of  degenera- 
tion may  form  either  small  or  large  drops  (the  latter  in  phosphorus- 
poisoning). 

On  the  other  hand,  what  we  may  call  storage-fat  is,  in  the  first  in- 
stance, deposited  in  very  minute  globules  ;  while  the  great  globules  of 
fatty  deposits,  when  about  to  undergo  reabsorption,  break  up  again  into 
minuter  globules. 

But  if  the  distinction  is  not  always  clear  from  the  histological  appear- 
ances, we  may  get  more  certain  information  by  considering  the  site  in 
which  the  fat  is  found.  The  appearance  of  fat-globules  in  tissue-cells 
normally  free  from  fat,  in  circumstances  which  preclude  the  idea  of  a 
determination  of  fat  to  the  tissue,  is  evidence  that  fat  has  been  formed 
in  loco  from  the  cell-albumen,  and  therefore  that  the  cells  have  so  far 
become  disintegrated.  Difficulty  can  thus  arise  only  in  the  case  of  or- 
gans, such  as  the  liver,  which  may  normally  be  the  seat  of  fatty  deposit, 
and  on  the  other  hand  are  prone  to  fatty  degeneration.  In  such  organs 
it  is  often  hard  to  saj""  how  much  of  the  fat  they  contain  has  been  pro- 
duced 171  loco,  how  much  has  been  brought  to  them  from  without.  There 
is  a,  further  complication,  for  the  fat  of  degeneration  is  sometimes  carried 
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away  from  its  original  seat,  and  deposited  in  other  spots  in  the  form  of  a 
fatty  infiltration,  or  of  storage-fat. 

54.  When  fat  is  present  in  considerable  quantity  it  happens  not  infre- 
quently that  crystalline  products  separate  out  from  it.  The  so-called 
"  fat-crystals "  appear  as  feathery  needles,  grouped  together  in  tufted 
bunches  (Fig.  10,  b).  They  are  often  described  as  needles  of  margaric 
acid.  Whether  they  really  contain  margaric  acid  is  doubtful.  It  is 
known  that  equal  parts  6f  palmitic  and  stearic  acid  would  give  a  mixture 
having  the  same  composition  as  is  ascribed  to  margaric  acid;  and  further 
that  palmitic,  stearic,  and  oleic  acids  in  combination  with  glycerin  (as 
tripalmitin,  tristearin,  and  triolein)  form  the  chief  components  of  ordi- 
nary animal  fat.  It  is  therefore  doubtful  whether  margaric  acid  or  tri- 
margarin  really  exists  as  a  distinct  component  of  animal  fat  at  all. 
These  fat-crystals  may  form  in  fatty  products  of  disintegration  as  well  as 
in  normal  fat-cells.  In  the  latter  case  they  are  only  produced  post-mortem. 


Fig.  10. — Fat  Crystals,     x  300.    a,  cholesterin-tablets ;  b,  free  tuft  of  margarin-needles ;  c,  tuft  inclosed 
in  fat-cells ;  d,  feathery  needles  of  "  margaric  acid  "  or  margarin. 

In  masses  of  fatty  detritus  it  is  very  common  to  find  what  is  called 
eholesterin  (properly  cholestearin).  This  forms  thin  transparent  rhom- 
bic tablets  (Fig.  10,  a),  often  notched  at  the  angles.  If  these  tablets  are 
present  in  quantity,  they  may  often  be  recognized  by  their  lustre  with 
the  naked  eye  alone.  They  are  soluble  in  hot  alcohol,  ether,  and  chloro- 
form, in  oils,  and  in  the  sodium  compounds  of  the  two  bile-acids  (glyco- 
cholic  and  taurocholic).  Treated  with  sulphuric  acid  the  crystals  become 
purplish  red,  rusty,  or  violet  at  their  edges.  The  same  coloration  appears 
still  better  on  treatment  with  iodine.  Nothing  is  known  of  the  mode  in 
which  eholesterin  is  formed.  It  is  said  to  exist  as  a  normal  constituent 
in  the  brain  (Gamgee). 

[Schulze  and  Barbieri  ("  Journ.  f.  prakt.  Chem.,"  25,  1882)  regard 
eholesterin  as  an  intermediate  product  of  vegetable  metabolism  and  a 
constant  component  of  vegetable  cells.  Cholesterins  of  various  composi- 
tion are  known,  so  that  the  term  seems  to  indicate  rather  a  chemical 
genus  than  a  definite  substance.] 


CHAPTER    XII. 
MUCOID  AND  COLLOID  DEGENEEATION. 

55.  The  mucoid  degeneration  of  the  tissues  has  its  physiological 
type  in  the  mucus-secretion  of  the  mucous  membranes  and  mucous 
glands. 

As  is  well  known,  the  epithelium  of  the  mucous  membranes  contains 
so-called  goblet-cells  (Elmer).  These  look  like  goblets  filled  to  overflow- 
ing with  a  transparent  substance.  This  latter  is  mucus  formed  from  the 
cell-protoplasm.  The  epithelial  cells  of  the  mucous  glands  are  similar. 
They  swell  up  when  about  to  secrete  mucus  ;  the  central  parts  become 
transparent,  and  the  granules  of  the  protoplasm  become  aggregated  into 
groups  or  strings.  The  so-called  mucus-corpuscles  in  the  salivary  secre- 
tion, with  their  glassy  contents  and  tremulous  granules,  are  merely  leuco- 
cytes which  have  undergone  mucoid  metamorphosis.  The  mucous  sub- 
stance formed  from  the  protoplasm  of  the  cell  may  be  extruded,  and  the 
cell  may  recover  ;  in  other  cases  the  cell  perishes. 

The  same  process  of  mucus-formation  takes  place  under  pathological 
conditions.  For  example,  in  catarrh  of  the  mucous  membrane  we  find 
that  the  increased  secretion  of  mucus  depends  on  an  increased  mucus- 
forming  power  in  the  lining  epithelial  cells,  as  well  as  in  the  cells  of  the 
mucous  glands.  Investigation  shows  that  in  cylindrical  epithelium  the 
goblet-cells  (Fig.  11,  6)  are  increased  in  number.  In  the  secretion  also 
we  may  find  cells  in  a  state  of  complete  mucoid  degeneration  ;  they 
are  transformed  into  glassy  masses  containing  a  few  scattered  granules 
(3  and  5).  In  other  cells  (7)  the  mucus  may  take  the  form  of  lumps  of 
various  sizes,  enclosed  within  the  unchanged  cell-protoplasm. 

The  epithelia  of  pathological  tissues  may,  like  the  normal  ones,  undergo 
mucoid  change.  Typical  goblet-cells  are  occasionally  found  in  the  epithe- 
lial lining  of  ovarian  and  intestinal  cysts.  In  certain  forms  of  cancer,  the 
majority  of  the  epithelial  cells  undergo  mucoid  degeneration. 

The  fibrous  tissues,  like  the  epithelia,  are  also  liable  to  undergo  mucoid 
degeneration.  Thus  connective  tissue,  cartilage,  bone,  adipose  tissue, 
marrow,  sarcomatous  tissue,  may  all  become  mucoid,  and  so  assume  a 
jelly-like  translucent  appearance.  In  these  tissues  it  is  usually  the 
ground-substance  which  is  transformed.  The  fibrous  constituents  lose 
their  structure  and  become  homogeneous.     The  tissue-cells  may  persist, 
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or  become  fatty,  or  they  may  take  part  in  the  mucoid  change.  The  final 
product  is  a  hyaline  mass  recalling  the  original  tissue  only  by  virtue  of  a 
few  stray  fibrous  shreds,  or  single  cells,  or  groups  of  cells,  scattered 
through  it. 

Mucus  swells  up  readily  in  water  ;  acetic  acid  makes  it  coagulate  j 
alcohol  makes  it  turbid,  white  and  opaque. 


t^^-^   IIS*' 


Fig.  11. — Catarrhal  Secretions  from  various  Mucous  Membranes.  +  400.  ^,  from  cylindrical  epitlielium ; 
i?,  from  the  mouth  ;  C,  from  the  bladder.  1,  round-cells  (pua  corpuscles) ;  2,  large  round-cells  with  clear 
nuclei  from  the  nose  ;  3,  mucoid  cylindrical  cells  from  the  nose  :  4,  Spirilhim  from  the  nose  ;  5.  mucoid 
ciliated  cells  from  the  nose ;  6.  goblet-cell  from  the  trachea  ;  7,  round-cells  with  mucus-ma-sses  from  the 
nose ;  8,  epithelial  cells  containing  pus  corpuscles  from  the  nose  ;  9,  fatty  cells  in  chronic  laryngeal  and 
pharyngeal  catarrh  ;  1 0,  cells  from  sputum  containing  soot-pigment ;  11  and  12.  squamous  epithelium 
from  the  mouth  ;  13,  mucus-corpuscles  ;  14,  micrococci ;  15,  Bacterium  termo  ;  16,  Leptothrix  buccalia; 
IT,  Spirochcetadenticola  ;  18,  superficial  cells  from  the  bladder  ;  19,  deeper  layer;  20,  pus  corpuscles  ;  21, 
Schizomycetes  or  bacteria. 


56.  Colloid  degeneration  is  closely  akin  to  mucoid  degeneration  ; 
for  here  too  the  essence  of  the  process  is  the  metamorphosis  of  an  albu- 
minoid substance.  The  details  of  the  chemical  changes  which  occur  are 
not  known.  The  material  which  constitutes  the  colloid  substance  is  de- 
rived from  the  epithelial  cells.  In  aged  persons,  a  certain  amount  of 
colloid  change  in  the  thyroid  gland  may  be  regarded  as  physiological.  The 
parenchyma  of  the  gland  is  full  of  large  and  small  spherules,  which  on  sec- 
tion have  a  translucent  sago-like  appearance.  They  are  generally  yellowish 
or  brownish  in  color,  and  of  the  consistence  of  firm  jelly.  If  the  colloid 
change  has  gone  on  to  a  pathological  extent,  this  translucent  substance 
may  form  the  greater  part  of  the  mass  of  the  gland.  It  may  even  lead  to 
a  marked  increase  in  its  size,  forming   a  colloidal  goitre.     Microscopic 
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examination  shows  that  the  colloid  mass  is  homogeneous.  It  encloses 
but  few  cellular  elements,  and  these  for  the  most  part  at  the  periphery, 
where  the  colloid  change  is  in  progress.  Sometimes  a  large  continuous 
patch  of  degenerate  tissue  may  be  produced  by  the  coalescence  of  smaller 
ones.  The  formation  of  the  colloid  substance  is  indicated  by  the  appear- 
ance of  minute  homogeneous  spherules  in  the  cells  of  the  acini.  These 
spherules  escape  from  the  cells,  or  become  free  when  the  cells  themselves 
break  up.  When  they  come  into  contact,  they  coalesce  to  form  the 
homogeneous  colloid  substance. 

Colloid  spherules,  exactly  like  those  just  described,  are  found  in  the 
tubules  of  morbidly  altered  kidneys.  At  times  large  masses  of  coalescent 
spherules  occur  in  cystic  degeneration  of  the  tubules.  In  the  prostate 
gland  similar  formations  also  occur. 

Colloid  substance  is  distinguishable  from  mucus  by  the  fact  that 
acetic  acid  does  not  induce  coagulation,  while  alcohol  and  chromic  acid 
produce  no  turbidity. 

[In  Virchow's  opinion,  the  homogeneous  spherules,  while  contained 
in  the  cells,  are  not  actually  composed  of  true  colloid  substance.  The 
latter  is  formed  from  them  after  they  run  together,  in  virtue  of  a  special 
chemical  transformation.  Virchow  describes  the  spherules  as  modified 
protoplasm.  Colloid  substance  is  probably  a  resultant  of  several 
albuminoid  bodies.  See  Virchow  ("Virch.  Arch,,"  vol.  i.),  Wagner 
("Arch.  f.  phys.  Heilk.,"  1856, 1866),  Eberth  ("  Virch.  Arch.,"  vol.  xxi.).] 


'     CHAPTER   XIII. 
AMYLOID   DEGENEBATION  AND  AMYLOID   CONCKETIONS. 

57.  Amyloid  degeneration  is  a  peculiar  degenerative  process, 
■which  is  apt  to  affect  the  connective  tissues,  and  is  prog-ressive  in  char- 
acter. It  leads  to  the  deposit  of  a  special  albuminoid  body  (the  amyloid 
substance)  in  the  affected  tissues  ;  these  therefore  increase  in  bulk  and 
assume  under  the  microscope  a  peculiar  uniform  semi-translucent  appear- 
ance. The  affection  may  occur  in  any  of  the  organs,  but  it  is  specially 
common  in  the  spleen,  liver,  kidneys,  intestines,  and  lymphatic  glands. 

When  sufficiently  intense  the  morbid  change  is  recognizable  with  the 
naked  eye  ;  the  part  looks  semi-translucent,  so  that  it  is  described  as 
"waxy"  or  "  lardaceous,"  i.e.,  like  the  fat  of  fried  bacon.  If  the  change 
is  confined  to  scattered  patches,  as  it  often  is  in  the  spleen,  these  look 
like  grains  of  boiled  sago  or  tapioca;  hence  the  name  "  sago- spleen." 
In  other  cases,  the  process  affects  the  spleen-tissue  uniformly.  The 
whole  organ  grows  large  and  firm  to  the  touch,  while  the  section  presents 
the  peculiar  translucent  lardaceous  appearance.  Like  appearances  are 
found  in  the  liver.  The  kidneys,  too,  may  undergo  considerable  increase 
in  size,  and  present  in  patches  or  throughout  the  lardaceous  character, 
becoming  at  the  same  time  firmer  in  consistence.  In  other  cases  the 
translucent  patches  are  so  small  as  not  to  be  readily  noticed  ;  the  possi- 
ble presence  of  amyloid  substance  is,  however,  often  indicated  by  changes 
of  another  kind,  such  as  fatty  degeneration.  In  the  intestine  the  degen- 
eration is  seldom  recognizable  without  optical  or  chemical  examination. 
The  same  is  true  of  the  organs  that  are  less  liable  to  the  change,  such  as 
the  heart,  the  great  vessels,  the  thyroid  gland,  etc. 

58.  The  amyloid  substance  so  deposited  in  the  tissues  in  uniform 
shiny  patches  exhibits  a  peculiar  reaction  with  iodine,  and  with  some  of 
the  aniline  colors.  A  solution  of  iodine  in  water,  or  better  in  potassium 
iodide  and  water,  when  poured  on  the  tissue  to  be  tested,  stains  the  amy- 
loid substance  a  dark  brownish  red  or  mahogany  color.  If  added  to  a 
section  under  the  microscope  the  staining  is  a  bright  brownish  red,  while 
the  unaffected  tissue  remains  pale  yellow.  Where  the  degeneration  is 
extreme,  the  tissue  may  become  almost  woody  in  consistence,  and  then 
the  staining  may  be  violet  or  blue  or  greenish.  If  the  ordinary  iodine- 
stained  tissue  be  treated  with  very  dilute  sulphuric  acid,  the  amyloid 
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patches  take  on  a  darker  brown,  or  become  violet,  blue,  or  greenish  ;  but 
the  reaction  is  generally  imperfect.  Methyl-aniline  or  aniline-violet  stain 
the  amyloid  substance  bright  ruby-red,  and  the  healthy  tissue  blue  or 
dark  indigo. 

The  peculiar  iodine-reaction  was  first  observed  by  Virchow,  the  dis- 
coverer of  the  amyloid  substance.  This  reaction  led  him  to  consider  the 
amyloid  substance  as  a  non-nitrogenous  body  allied  to  cellulose  and 
starch.  Cellulose,  when  treated  with  iodine  and  strong  sulphuric  acid,  is 
stained  bright  blue.  Starch  with  iodine  alone  gives  an  ultramarine  tint. 
For  this  reason  Virchow  called  the  new  body  "  amyloid."  It  was  not 
until  some  years  later  that  Friedreich  and  Kekule  proved  the  amyloid 
substance  to  be  nitrogenous,  to  be,  in  fact,  an  albuminoid  body.  The 
special  reaction  of  the  amyloid  substance  enables  us  to  detect  its  pres- 
ence in  the  tissues,  even  when  to  the  eye  it  is  not  differentiated  from 
them.  In  examining  fresh  specimens  in  a  cursory  way,  the  only  precau- 
tion necessary  is  to  see  that  the  surface  is  washed  free  from  blood  ;  the 
red  color  of  the  blood  blended  with  the  yellow  of  the  iodine  may  simulate 
the  characteristic  brownish-red  staining. 

The  amyloid  substance  is  very  slightly  acted  on  by  acids  or  alkalies. 
Alcohol  and  chromic  acid  do  not  alter  it  at  all  ;  and  it  has  the  power  of 
withstanding  putrid  decomposition  for  a  long  time.  It  is  not  dissolved 
by  gastric  juice  at  the  temperature  of  the  body. 

[Amyloid  degeneration  was  not  altogether  unknown  before  Virchow's 
researches.  Rokifcansky  had  previously  introduced  the  names  bacon-liver 
or  lardaceous  liver,  waxy  liver,  bacon-spleen,  sago-spleen.  But  it  was 
Virchow  who  first  investigated  the  nature  of  the  amyloid  substance,  first 
of  all  in  amyloid  concretions  (Art.  61),  afterward  in  degenerated  tissues  ; 
and  he  discovered  the  iodine  reaction  ("  Virch.  Arch.,"  vols,  vi.,  viii.). 
Friedreich  and  Kekule  first  showed  that  the  substance  was  nitrogenous 
("Virch.  Arch.,"  vol.  xvi.),  which  was  confirmed  by  Rudneff  and  Kuehne 
("Virch.  Arch.,"  vol.  xxxiii.).  The  literature  of  the  subject  is  fully 
given  by  Kyber,  who  has  also  made  numerous  additions  to  our  knowl- 
edge regarding  its  occurrence  ("  Die  amyloide  Degeneration,"  Dorpat, 
1871,  and  "  Virch.  Arch,,"  vol.  Ixxxi.).  Jurgens  first  described  the 
color-reaction  with  iodized  methyl-aniline  ("Virch.  Arch.,"  vol.  Ixv.)  ; 
Cornil  studied  the  reactions  with  other  aniline  colors  ("Arch,  de  phy- 
sio!.," 1874).  Dickinson  showed  that  a  characteristic  blue  color  is  im- 
parted to  the  amyloid  substance  by  sulphate  of  indigo.] 

59.  The  amyloid  substance  is  either  formed  or  deposited  in  the 
fibrous  textures  of  the  blood-vessels,  and  in  the  walls  of  the  smaller  ves- 
sels especially. 

If  a  microscopic  section  of  an  amyloid  liver  be  so  treated  as  to  bring- 
out  the  minuter  changes  in  its  structure,  it  is  not  hard  to  show  that  the 
seat  of  the  affection  is  in  the  capillary  walls,  that  is,  in  the  peri-endothe- 
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lial  fibrous  tissue.  Tlie  endothelium  is  thickly  coated  on  its  outer  aspect 
with  a  uniform  glassy  layer,  here  and  there  broken  up  into  lumps  (Fig.  12) ; 
this  is  the  amyloid   deposit.     The  liver-cells  ^ 

may  remain   unchanged  between  the  amyloid  /^     "  < 

masses,  or  they  may  be  misshapen  and  partly 
atrophied.      They  very  often  contain  fat.      If  ^jj^  {  ( 
the   afferent   vessels   be  examined,  it    will   be  ^    / 
found  that  they  too  exhibit  amyloid  patches, 
especially  in  their  middle  coat. 

The  appearances  in  an  amyloid  kidney 
are  exactly  similar  (Fig.  13).  A  good  section 
shows   as   before  that  the   formation    of    the 

,  .  ....  Fig.  12. — Amvloid  BepeniTation  of 

homogeneous     deposit    occurs     mainly    in    the    Liver  CapUlaries."  x  SOO.  (Section  treat- 
1  n  mi  n         ff  ii  i        i  ed  with  perosmic  acid.) 

vessel-walls.      Ihe  walls  ot  the  vascular  loops 

in  the  glomeruli  (Z»),  are  greatly  swollen  and  homogeneous  in  structure, 
and  the  arteries  (^),  veins,  and  capillaries  ih)  of  the  parenchyma  show 
traces  of  amyloid  deposit. 

In  other  parts,  such  as  the  intestinal  mucous  membrane,  the  appear- 
ances are  of  the  same  kind.  The  vascular  system,  however,  is  not  invari- 
ably the  chief  seat  of  deposit  ;  the  connective  tissue  is  often  chiefly  and 

r        «/   1 


Fig.  13.— Section  of  an  Amyloid  Kidney,  x  300.  (Treated  with  Miiller's  fluid  and  perosmic  acid.)  a. 
normal  capillary  loop ;  6,  amyloid  capillary  loop  ;  f,  fattj'  epithelium  of  the  glomerulus;  c,,  fatty  epithe- 
lium of  the  capsule ;  d,  oil-drops  on  the  capillary  wall ;  e,  fatty  epithelial  cell  in  situ  ;  /,  loosened  fatty 
epithelial  cells  ;  g,  hyaline  coagula  (forming  •'  casts  ") ;  A,  fatty  cast  in  section  ;  i,  amyloid  artery  ;  k,  amy- 
loid capillary ;  I,  infiltration  of  connective  tissue  with  leucocytes ;  7n,  round-cells  (leucocj'tes)  inside  a  uri- 
niferous  tubule. 


directly  affected.     In  the  lymphatic  glands  and  the  spleen  (Eberth),  it  is 
the  fibrous  trabecular  network  which  suffers  most  :  in  striated  muscles  the 
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perimysium  internmn  and  the  sarco]emma(Ziegler).  In  glandular  organs 
with  a  tunica  propria  {e.g.,  the  mucous  glands  and  kidneys),  this  latter 
may  undergo  degeneration  and  become  greatly  thickened. 

[The  above  account  of  the  common  seat  of  amyloid  deposit  differs 
essentially  from  that  given  in  various  text-books  {e.g.,  Rindfleisch's)  and 
memoirs.  Most  authors  assert  that  in  glandular  organs  the  chief  seat  of 
amyloid  formation  is  in  the  gland-cells,  that  is,  in  the  epithelial  elements. 
Ziegler  has  not  succeeded  in  convincing  himself  that  this  is  the  case.  In 
no  one  of  seven  specimens  of  amyloid  liver  could  he  find,  on  the  carefuUest 
examination,  that  the  liver-cells  had  undergone  amyloid  degeneration. 
The  cells  were  always  recognizable,  though  at  times  greatly  atrophied 
and  compressed  by  the  interposed  deposits.  The  examination  of  mucous 
glands  and  kidneys  j'ielded  like  results.  He  is  therefore  constrained  to 
agree  with  Wagner  ("  Arch,  d.  Heilkunde,"  ii.,  1861),  Eberth  ("  Virch. 
Arch.,"  vol.  Ixxx.),  Heschl  ("  Wiener  Sitzungsberichte,"  vol.  Ixxiv.),  and 
others— who  regard  the  connective  tissue  as  the  primary  seat  of  amyloid 
formation,  and  deny  that  the  epithelium  is  commonly  concerned  in  it. 
Ziegler  does  not  go  so  far  as  to  say  that  epithelial  cells  are  incapable  of 
amyloid  change  ;  but  he  is  sure  that  even  in  extreme  cases  of  amyloid  dis- 
ease they  may  remain  unaffected.  The  notion  that  the  liver-cells  are  com- 
monly affected  is  due  to  the  fact  that  they  have  been  overlooked  among 
the  amyloid  flakes  and  patches  which  surround  them.  The  iodine  method 
is  probably  to  be  blamed  for  this,  for  it  fails  to  bring  the  liver-cells  dis- 
tinctly into  view.  Ordinary  staining-reagents  and  perosmic  acid  are 
much  more  useful  in  this  respect  than  iodine. 

Ziegler  had  recently  an  opportunity  of  examining  a  very  interesting" 
case  of  amyloid  disease.  The  patient  was  a  woman  of  about  fifty,  who 
had  died  of  heart-failure.  On  post-mortem  examination  it  was  found  that 
the  heart,  all  the  mucous  membranes,  the  peritoneum,  tongue,  and  lungs 
were  amyloid.  The  pericardium  and  endocardium  were  everywhere 
thickened  and  beset  with  numerous  translucent  gristly  nodules  as  large 
as  millet-seeds.  Similar  nodules  in  vast  numbers  were  found  in  the  peri- 
toneum, and  in  lesser  number  in  the  heart-muscle,  the  muscularis  mucosa} 
of  the  intestine,  the  mucosa  and  submucosa  of  many  of  the  mucous  mem- 
branes, and  in  the  lungs.  In  addition  to  these  nodules  the  heart-wall 
(and  especially  that  of  the  auricles)  was  traversed  by  thick  seemingly 
fibrous  bands.  The  submucosa  of  the  small  intestine  was  for  the  most 
part  transformed  into  a  firm  bacon-like  tissue.  The  nodules  and  also  the 
dense  thickenings  were  composed  of  a  uniform  substance,  either  struc- 
tureless or  showing  traces  of  coalescent  homogeneous  blocks.  This  was 
deposited  in  the  walls  of  the  vessels,  and  in  the  connective  tissue.  The 
vessel-walls  were  in  some  places  thickened  ten-  to  twenty-fold.  When 
the  margins  of  the  affected  patches  were  examined  microscopically,  it 
seemed  as  if  the  homogeneous  substance  had  been  directly  produced  from 
the  ground-substance  of  the  connective  tissue,  by  a  process  of  swelling 
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and  condensation.     Some  of  the  homogeneous  masses  yielded  the  iodine 
reaction,  others  did  not.] 

60.  The  consequences  of  amyloid  degeneration,  as  regards  the  func- 
tional efficiency  and  general  condition  of  the  affected  organ,  show  them- 
selves in  two  ways.  On  the  one  hand  the  structure  is  profoundly  altered, 
on  the  other  the  epithelial  elements  of  the  organ  become  secondarily  dis- 
eased. Amyloid  change  is  essentially  a  degeneration.  The  connective 
tissues  are  permanently  altered,  for  the  amyloid  substance  being  but 
slightly  soluble  does  not  disappear  again  when  once  deposited.  It  is  ob- 
vious that  a  foreign  element  of  this  kind  must  seriously  interfere  with  the 
functions  of  the  affected  organs,  such  as  the  kidney,  or  intestine. 

The  morbid  change  in  the  vessel-wall  often  leads  to  narrowing  and 
closure  of  the  vessel,  and  so  to  permanent  disturbance  of  the  circulation. 
These  are  not  without  effect  on  the  epithelial  elements  ;  they  speedily 
become  fatty.  And  inasmuch  as  the  fibrous  framework  of  the  organ  is  at 
the  same  time  increasing  in  size  and  volume,  the  gland-cells  are  com- 
pressed and  so  tend  to  disappear  altogether.  In  the  liver  such  misshapen 
and  atrophied  cells,  as  well  as  others  in  a  state  of  fatty  degeneration,  are 
very  often  met  with.  In  the  kidney  the  fatty  changes  in  the  epithelium 
(Fig.  13,  e,  y)  form  a  striking  and  characteristic  accompaniment  of  amy- 
loid degeneration. 

In  the  spleen  and  lymphatic  glands  the  lymphoid  cells  are  likewise  apt 
to  perish,  atrophied  and  fatty,  under  the  pressure  of  the  swollen  and  al- 
tered trabecular  network.  In  muscle  the  contractile  substance  vanishes, 
as  the  amyloid  masses  in  the  connective  tissue  increase  and  multiply. 

61.  Amyloid  degeneration,  as  above  described,  is  generally  a  process 
affecting  several  organs  at  the  same  time  ;  or  when  it  happens  to  affect 
only  one,  it  takes  the  form  of  a  change  extending  throughout  the  entire 
organ.  But  in  addition  to  this  diffused  form  we  find  a  more  local  one, 
presenting  the  appearance  either  of  circumscribed  foci  of  degeneration, 
or  of  amyloid  concretions. 

These  localized  amyloid  formations  occur,  so  far  as  we  know,  only  in 
tissues  which  have  already  undergone  morbid  change.  They  are  espe- 
cially apt  to  follow  in  the  wake  of  inflammations,  either  early  in  the 
process  of  granulation,  or  later  when  cicatricial  tissue  has  been  formed. 
They  are  also  found  in  tumors  which  are  undergoing  retrogressive 
change.  Small  single  foci  may  be  formed  in  the  affected  tissue,  or  they 
may  be  confined  to  the  walls  of  the  vessels.  In  other  cases  the  greater 
part  of  the  tissue  degenerates  together  ;  nodular  patches  are  formed,  con- 
sisting almost  wholly  of  amyloid  substance,  and  often  assuming  a  woody 
hardness  of  texture.  Such  formations  have  been  observed  in  the  con- 
junctiva when  altered  by  old  inflammation,  in  syphilitic  scars  of  the 
tongue  and  larynx,  in  diseased  lymphatic  glands,  in  ulcers  of  the  leg,  in 
tumors  of  the  larynx  and  stomach,  and  in  cartilage  in  the  course  of  de- 
generation (Virchow). 
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In  many  cases  homogeneous  bodies  exhibiting  the  amyloid  reaction 
are  obviously  formed  in  the  exudation-products  of  inflammation  or  hem- 
orrhage. For  example,  the  so-called  tube-casts  of  the  kidney,  formed  in 
the  tubules  by  a  singular  transformation  of  transuded  liquid  and  shed 
epithelium,  show  not  infrequently  the  amyloid  reaction  if  they  have  lain 
long  in  situ.  In  the  remains  of  old  hemorrhages  amyloid  bodies  have 
often  been  found  (Fig.  14,  h).  They  often  enclose  a  foreign  substance, 
such  as  a  crystal  of  hsematoidin.  These  bodies  are  called  amyloid  con- 
cretions or  corpora  amylacea.  They  are  found  under  normal  conditions 
in  the  central  nervous  system,  especially  in  the  ependyma  of  the  ventri- 


FiG.  14. — Corpora  Amylacea.     +  400.    a,  stratified  concretion  from  the  prostate ;  6,  corpus  amylaceum 
from  an  old  hemorrhagic  infarct  of  the  lung ;  c,  corpora  amylacea  from  the  spinal  cord. 

cles.  It  was  here  that  Virchow  first  discovered  them.  They  take  the 
form  of  small  more  or  less  clearly  stratified  spherules  (Fig.  14,  c).  At 
times  they  may  be  found  abundantly  in  morbidly  altered  brain-substance, 
and  in  cerebral  tumors.  Corpora  amylacea  are  also  very  common  in  the 
prostate  gland.  They  lie  in  the  lumen  of  the  acini  and  are  of  consider- 
able size  ;  often  indeed  they  may  be  recognized  by  the  naked*  eye  as 
brown  grains  upon  the  surface  of  a  section.  They  are  distinctly  stratified 
(Fig.  14,  a),  except  toward  the  centre. 

These  localized  amyloid  formations,  and  especially  those  originating  in 
tube-casts  and  old  extravasations  of  blood  (Fig.  14,  b),  serve  to  prove 
that  amyloid  substance  may  arise  from  a  direct  metamorphosis  of  the  al- 
bumen of  blood  and  of  epithelium.  The  prostatic  concretions,  when  they 
really  are  amyloid  (and  this  is  not  always  the  case),  are  probably  to  be 
regarded  as  modified  cell-products. 

[A  large  number  of  memoirs  have  dealt  with  the  question  of  localized 
amyloid  change.  Kyber  {loc.  cit.),  Leber  ("  Arch,  fiir  Ophthalm.,"  xix., 
xxv.),  Hippel  (ibid.,  xxv.),  von  Becker  ("  Amyl.  degen.  tarsi,"  Helsingfors, 
1876)  refer  to   amyloid  formations  in  the  eyelid.     Friedreich  ("  Virch. 
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Arch,,"  vols,  ix.,)  x.  and  Zahn  {ibid.,  vol.  Ixxii.)  found  amyloid  bodies  in  the 
lung;  Langhans  in  cancer-nodules  {ibid.,  vol.  xxxviii,);  Burovv  ("  Langen- 
beck's  Arch.,"  xviii.)  in  tumors  of  the  larynx,  etc.  On  prostatic  concretions 
see  Paulizky  ("Virch.  Arch.,"  vol.xvi.).  Ziegler  discovered  amyloid  bodies 
in  syphilitic  scars  ("Virch,  Arch.,"  vol.  Ixv.),  in  a  hemorrhagic  infarct 
of  the  lung  which  had  healed,  and  in  a  cancer  of  the  stomach. 

62.  As  to  the  causes  and  the  nature  of  amyloid  degeneration, 
there  is  little  to  say  that  is  quite  definite  or  quite  certain.  We  know,  of 
course,  in  what  circumstances  it  is  apt  to  occur,  namely  in  cachectic  con- 
ditions of  the  system.  On  the  other  hand,  we  do  not  know  to  what  al- 
terations in  normal  metabolism  the  morbid  process  ov^es  its  special  char- 
acter. The  forms  of  cachexia  which  lead  to  extensive  amyloid  change  are 
in  particular  tuberculosis,  syphilis,  chronic  destructive  ostitis  or  periostitis, 
chronic  dysentery  (cceliac  flux),  and  leukaemia  ;  while  the  cancerous 
cachexia  seldom  tends  to  favor  it.  Amyloid  degeneration  may,  however, 
occur  without  previous  disease.  Some  of  Cohnheim's  researches  show 
("Virch.  Arch,,''  vol,  liv.)  that  the  degeneration  may  become  developed 
in  two  to  three  months. 

Amyloid  change  extending  to  several  organs  is  a  local  disorder  con- 
ditioned by  general  causes.  The  amyloid  substance  does  not  exist  in  the 
blood,  yet  the  material  out  of  which  it  is  developed  is  derived  from  the 
blood.  It  would  appear  that  reduced  vital  activity  of  the  tissues  dependent 
on  general  cachexia  favors  the  formation  of  the  substance.  We  may,  per- 
haps, provisionally  picture  to  ourselves  the  formation  of  this  peculiar  sub- 
stance, as  due  to  a  combination  of  an  albuminoid  body  from  the  blood  with 
certain  components  of  the  tissues  ;  or  we  may  regard  it  as  a  modification 
of  the  albumen  of  the  blood,  separating  out  from  the  latter  in  consequence 
of  some  abnormal  metabolism  in  the  cachectic  patient. 

In  local  amyloid  formations,  the  substances  metamorphosed  are  partly 
albumen  from  the  blood  (concretions  formed  in  extravasations),  partly 
albumen  derived  from  epithelial  cells  (tube-casts  and  prostatic  concre- 
tions). In  the  latter  case  the  special  metamorphosis  is  effected,  without 
the  co-operation  of  living  tissue,  in  albumen  which  has  lain  for  a  time  in 
the  tissues  without  being  of  them.  Here  the  conditions  must  be  of  a 
purely  local  nature, 

[Virchow  ("Cellular  Pathology")  and  Kyber  ("Virch,  Arch.,"  vol. 
Ixxxi.)  have  compared  the  amyloid  degeneration  of  tissues  to  the  process 
of  chalky  deposit,  and  the  comparison  seems  a  good  one.  In  both  cases 
we  probably  have  a  tissue  whose  nutrition  is  somehow  lowered  ;  a  sub- 
stance brought  to  the  tissue  by  the  blood  ;  and  an  intimate  combination 
between  this  substance  and  a  substance  pre-existing  in  loco.  Wagner 
("Handbuch  d.  allgem.  Pathologic,"  1874,  p.  417)  considers  the  lardace- 
ous  material  we  have  described  to  be  due  to  a  retrogressive  metamorpho- 
sis of  albuminoids,  forming  in  fact  an  intermediate  stage  between  these 
bodies  and  fat.      Dickinson  argues  that  it  is  of  the  nature  of  fibrin  (blood- 
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albumen)  "  modified  by  loss  of  alkali  or  gain   of  acid "  ("  Trans.  Path. 
Soc,"  1879). 

A  statistical  analysis  of  the  causes  of  amyloid  degeneration  is  given 
by  Hennings  ("  Inaug.  Diss.,  Kiel,"  1880).  He  makes  out  that  phthisis 
and  suppuration  of  bone  hold  the  first  rank  among  the  etiological  condi- 
tions. The  spleen  is  oftenest  diseased  ;  after  that  follow  in  order  the  kid- 
neys, liver,  intestine,  stomach,  suprarenal  capsules,  pancreas,  lymphatic 
glands,  thyroid  gland,  aorta,  lungs,  ovaries,  uterus.  Somewhat  similar 
analyses  are  given  by  Fagge  ("  Trans.  Path.  Soc,"  1876)  and  Turner 
{iUd.,  1879).] 


CHAPTER  XIV. 

HYALINE  DEGENEEATION   OF   THE   FIBEOUS  TISSUES. 

63.  Hyaline  (or  vitreous)  degeneration  of  the  fibrous  tissues  re- 
sembles amyloid  degeneration  in  its  superficial  appearance  as  well  as  in 
its  seat  ;  but  it  does  not  give  the  special  and  peculiar  reactions  of  the 
amyloid  substance.  It  occurs  chiefly  in  the  adventitious  tissue  of  the  ar- 
teries. The  adventitia  becomes  transformed  into  a  shining,  translucent, 
strongly  refracting  substance,  increasing  at  the  same  time  in  thickness. 
Water  has  no  effect  on  this  substance  ;  iodine  stains  it  pale  yellow  ; 
ether  and  chloroform  give  no  reaction.  It  thus  resembles  in  many  re- 
spects the  colloid  substance.  It  is  specially  common  in  the  vessels  of 
the  brain  and  of  the  lymphatic  glands  (Wieger).  Apart  from  the  blood- 
vessels a  hyaline  thickening  is  also  observed  in  the  stroma  of  tumors,  in 
inflammatory  hyperplasias,  especially  in  those  of  hereditary  syphilis  (such 
as  occur  in  the  liver,  for  example),  and  in  structureless  membranes  like 
the  hyaloid  membrane  of  the  eye.  As  to  the  nature  of  the  change  noth- 
ing is  known.  Disturbances  of  the  circulation  (Wieger),  and  inflamma- 
tions of  the  affected  regions,  have  been  mentioned  as  exciting  causes. 

[Wieger,  under  the  guidance  of  von  Recklinghausen,  has  lately  ex- 
amined and  described  the  hyaline  degeneration  of  the  lymphatic  glands 
("  Virch.  Arch.,"  vol.  Ixxviii.).  It  seems  to  be  very  common  in  these  or- 
gans. Memoirs  on  the  hyaline  degeneration  of  the  cerebral  vessels  have 
been  published  by  Arndt  ("Virch.  Arch.,"  vol.  xli.),  Neelsen  ("Arch.  d. 
Heilkunde,"  xvii.),  Eppinger  ("  Vierteljahrsschrift  f.  pract.  Heilk.," 
Prague,  1875),  Lubimoff  ("  Arch.  f.  Psychiatrie,"  1874),  and  others.  The 
degeneration  is  found  in  the  central  nervous  system  in  connection  with 
various  disorders. 

Peters  has  quite  recently  ("  Virch.  Arch.,"  vol.  Ixxxvii.)  made  a  series 
of  researches  in  von  Recklinghausen's  laboratory  on  hyaline  degenera- 
tion, and  he  manages  to  bring  under  this  head  all  sorts  of  diverse  changes 
and  processes.  Thus  he  includes  under  it  inflammatory  coagulations 
within  and  without  the  blood-vessels,  coagulative  necrosis  of  the  epithelia 
in  diphtheritic  inflammation,  homogeneous  coagulation  in  exuded  fluids, 
the  formation  of  false  membranes,  the  mucoid  metamorphoses  of  the  epi- 
thelial cells  of   mucous   membrane,  and  thrombi   in    lymphatic   vessels. 
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— in  brief  everything  that  has  a  hyaline  look.  This  is  a  mere  uncritical 
agglomeration  of  things  that  have  nothing  in  common.  We  may  perhaps 
be  unable  to  distinguish  with  certainty  the  exact  chemical  and  physical 
processes  which  lead  to  the  formation  of  homogeneous  masses  in  the  va- 
rious tissues  and  liquids  ;  but  this  does  not  justify  us  in  affirming  that  no 
distinction  is  at  all  possible. 

The  case  referred  to  in  Art.  59  has  great  interest,  as  bearing  on  the 
discrimination  of  hyaline  degeneration  in  fibrous  tissues.  It  shows  that 
hyaline  change  is  near  akin  to  amyloid  change  ;  and  that  in  the  former 
as  in  the  latter  an  albuminoid  may  be  deposited  in  the  tissues  in  the  form 
of  solid  lustrous  masses.  Whether  the  hyaline  degeneration  of  the  ves- 
sel-walls, observed  in  various  conditions,  has  always  the  same  significance 
— is  as  yet  an  open  question. 

Gull  and  Sutton  ("  Medico-Chir.  Trans.,"  1872)  have  described  a 
*'  hyalin-fibrous  "  degeneration  of  the  blood-vessels  in  connection  with 
chronic  renal  disease.  Klein  ("Trans.  Path.  Soc,"  1877)  has  described 
and  figured  hyaline  changes  in  the  arterioles  in  typhoid  fever  and  in  scar- 
latina,] 


CHAPTER  XY. 
INTILTEATION  OF  THE  TISSUES  WITH  SALTS. 

64.  Petrification  or  incrustation  is  a  process  of  transformation 
characterized  by  the  deposit  in  a  tissue  of  various  salts  derived  ultimately 
from  the  blood. 

In  by  far  the  greater  number  of  cases  the  deposit  consists  of  carbon- 
ates and  phosphates  of  calcium,  with  a  small  quantity  of  the  magnesium 
salts  ;  it  is  in  fact  calcareous  or  chalky. 

As  we  know,  calcareous  deposition  takes  place  in  special  regions  as  a 
normal  physiological  process.  The  formation  of  true  bone  is  always  pre- 
ceded by  the  deposit  of  calcareous  salts  in  the  cartilaginous  structures 
first  laid  down.  This  deposit  takes  the  form  of  minute  granules,  which 
on  magnification  look  like  grains  of  dust  or  irregular  crumbs,  and  they 
are  seen  to  lie  chiefly  in  the  matrix-substance  and  cell-capsules  of  the  car- 
tilage. If  the  grains  lie  thick  together,  they  give  the  part  a  whitish 
color  and  a  firm  consistence. 

In  the  same  way  as  under  normal  conditions,  but  in  the  most  various 
regions  of  the  body,  we  may  have  a  morbid  deposition  or  precipitation  of 
calcareous  salt's  in  the  tissues.  Experience  shows  that  the  tissues  af- 
fected are  either  already  necrosed,  as  in  the  case  of  caseous  lymphatic 
glands,  dead  parasites,  thrombi,  and  dead  foetuses  (lithopfedia), — or  have 
been  seriously  stinted  in  their  nutrition.  This  latter  is  the  case  in  fatty 
degeneration  of  the  tunica  media  of  the  arteries,  or  in  fatty  degenera- 
tion of  tumors  such  as  uterine  fibroids.  The  cause  of  calcareous  depos- 
its is  thus  a  local  one.  The  calcium-salts  dissolved  in  the  blood  are  not 
simply  precipitated  and  retained  by  the  tissue,  but  they  proceed  to  form 
solid  compounds  with  the  albuminoids. 

Commencing  calcification  is  not  recognizable  by  the  naked  eye.  When 
the  deposit  becomes  more  dense  the  tissue  turns  white.  At  the  same 
time  it  often  becomes  extremely  hard  and  cannot  be  cut  with  the  knife. 
In  other  cases  it  becomes  in  color  and  consistence  more  like  mortar. 

[Litten  afiirms  ("  Der  hsemorrhagische  Infarct,"  1879)  that  calcifica- 
tion depends  on  a  necrotic  modification  of  albumen,  possessing  a  special 
chemical  affinity  for  lime-salts.  Kyber  asserts  ("  Virchow's  Archiv,"  vol. 
Ixxxi.)  that  the  lime-salts  combine  with  the  fatty  acids,  as  well  as  with 
the  albuminoids.] 

65.  Calcification  invades  the  cells  of  a  tissue  as  well  as  the  ground- 
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substance.  Thus  ganglion-cells  (Fig.  15)  which  have  ceased  to  live  in 
consequence  of  some  brain-affection  may  become  impregnated  with  lime- 
salts.  Shining  calcareous  spherules  are  formed,  which  fill  out  the  contour 
of  the  cell  and  its  prolongations. 


Fig.  15. 
Pig.  15. — Calcified  Ganglion  Cells.     (From  the  brain  of  a  hemiplegic  idiot  with  unilateral  hydrocephalus.) 
Fig.  16. — Calcification  of  the  Tunica  Media  of  the  Aorta. 

When  an  artery  is  affected,  the  cells  as  well  as  the  ground-substance 
become  calcified.  Small  shining  granules  are  deposited  in  the  latter, 
which  at  length  thickly  infiltrate  the  tissue  (Fig.  16).  Simple  calcifica- 
tion does  not  produce  any  alteration  in  the  apparent  structure.  The 
tissue  is  petrified  as  it  stands,  so  to  speak,  without  destruction  or  trans- 
formation of  its  form  and  texture.  It  is  thus  easy  to  distinguish  histol- 
ogically betw'een  calcification  and  ossification. 

In  tissues  altered  by  inflammation,  such  as  tuberculous  lymphatic 
glands,  fibrous  false  membranes  or  adhesions,  as  well  as  in  certain  tu- 
mors of  the  brain  (psammomata),  we  find 
at  times  so-called  chalky  concretions. 
They  are  stratified  bodies -having  an  or- 
ganic basis,  in  which  lime-salts  have  been 
deposited.  Fig.  17  represents  some  of 
these  concretions:  a,  comes  from  an  omen- 
tum thickened  and  deformed,  and  adhe- 
rent, in  consequence  of  chronic  inflam- 
mation ;  b,  from  a  tuberculous  lymphatic 
gland.  The  several  layers  of  the  strati- 
cretionsof'"InM\m2i"o°mentum;  ^  ^         fisd  concretion  have    a   Uniform  shining 

a  lymphatic  gland  altered  by  inflammation.        aiODearance 

G6.  In  gout  we  find  deposits  of  urates,  chiefly  of  urate  of  sodium, 
together  with  carbonates  and  phosphates.  The  deposition  is  apt  to  occur 
paroxysmally,  especially  in  the  metatarso-phalangeal  joint  of  the  great 
toe,  but  not  infrequently  in  other  joints  also.  Shining  white  masses 
(chalk-stones  or  tophi)  are  thus  formed  in  the  ligaments  and  cartilages 
of  the  joints,  and  even  in  the  bones.  These  may  also  occur  in  the  arte- 
ries, endocardium,  skin,  and  kidneys.  The  deposit  is  usually  in  the  form 
of  needle-like  crystals  (Rindfleisch),  or  amorphous  granules.  It  is  said 
that  the  cells  are  the  first  to  exhibit  the  deposit,  the  ground-substance 
being  invaded  secondarily  (Cornil  and  Ranvier). 


CHAPTER  XYI. 
rOKMATION  OF  PIGMENT  IN  THE   TISSUES. 

67.  The  fibrous  as  well  as  the  epithelial  tissues,  in  certain  regions, 
contain  a  normal  pigment.  It  lies  within  the  cells  in  the  form  of  yel- 
low, brownish,  or  black  granules  ;  or  the  cells  may  seem  more  or  less 
uniformly  impregnated  and  stained.  Of  the  pigmented  epithelia  the 
best  examples  are  the  deepest  layer  of  the  rete  Malpighii,  and  the  retinal 
epithelium.  In  the  former  the  granules  are  mostly  yellow  or  brown,  in  the 
latter  they  are  black  (melanin).  When  the  coloration  of  the  skin  is  more 
marked,  pigment  is  found  in  the  other  cellular  layers  of  the  rete.  Among 
fibrous  tissues  the  pia  mater,  the  choroid,  the  sclerotic,  and  the  cutis  are 
the  most  frequently  pigmented  ;  and  brown  or  yellow  granules  are  like- 
wise found  in  the  connective-tissue  cells  of  the  heart-muscle. 

These  pigmentations  may  become  more  marked  under  pathological 
conditions.  Thus  in  Addison's  disease,  in  the  course  of  a  general  disor- 
der leading  to  profound  cachexia  and  associated  as  a  rule  with  changes 
in  the  supra-renal  bodies,  the  normal  pigment  of  the  skin  increases  and 
the  consequent  color-changes  are  very  pronounced  {cutis  oenea  or  bronz- 
ing). So  too  in  atrophic  conditions  of  the  heart,  the  normal  pigment  is 
markedly  increased.  In  the  voluntary  muscles  also,  when  they  pass  into 
atrophy,  yellow  pigment  is  frequently  discoverable. 

The  highest  degree  of  pathological  pigmentation  is  met  with  in  mor- 
bid new  growths,  such  as  tumors  (nsevi,  melano-carcinomata,  melano- 
sarcomata).  The  amount  of  pigment  may  become  so  great  that  the  tissue 
looks  uniformly  and  intensely  black. 

The  pigment  lies  usually  within  the  cells  of  the  tissue,  less  often  in 
the  intercellular  substance.  In  either  case,  as  above  remarked,  it  may 
take  the  form  of  yellow,  brown,  or  even  black  granules  ;  or  of  diffuse 
staining  of  the  protoplasm.  Of  its  mode  of  formation  we  know  nothing. 
It  is  possible  that  the  coloring-matter  is  derived  from  the  blood,  but  we 
are  unable  to  determine  in  what  way  the  derivation  is  effected. 

[Laycock  {Medico- Chir .  Eevieii\  i.,  1861)  discusses  and  classifies 
the  various  forms  of  morbid  pigmentation  ;  he  gives  full  references  to 
previous  papers  on  the  subject. 

Gussenbauer  has   lately  attempted   ("  Virch.  Arch.,"  vol.  Ixiii.)  to  re- 
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fer  the  production  of  melanin  in  pigmented  tumors  to  a  modification  of 
the  coloring-matter  of  the  blood.  He  thinks  the  blood-vessels  of  the 
tumor  become  here  and  there  thrombosed  ;  the  coloring-matter  of  the 
blood  escapes  from  them  by  diffusion,  saturates  the  tissue,  and  is  ulti- 
mately precipitated  in  granular  form.  Langhans  ("Virch.  Arch.,"  vol. 
xlix.)  had  previously  sought  to  derive  the  pigment  of  tumors  from  cells 
containing  blood-corpuscles  (Art.  68). 

According  to  Kunkel  ("  Sitzungsb.  der  phys.  med.  Gesell.,"  Wiirz- 
burg,  1881),  it  is  possible  to  isolate  from  melanotic  tumors  a  pigment 
containing  iron.  This  argues  that  the  pigment  is  derived  from  the  blood  ; 
but  we  cannot  as  yet  say  by  what  process  it  is  produced.  It  is  not  re- 
lated to  hsematin,  bilirubin,  or  hydrobilirubin,  as  the  spectroscope  shows. 
It  seems  doubtful  whether  the  escape  of  the  coloring-matter  from  the 
blood-vessels  always  occurs  in  the  way  described  by  Gussenbauer.  The 
diffused  staining  of  individual  cells  may  perhaps  suggest  that  the  color- 
ing-matter first  infiltrates  the  cell,  and  then  breaks  up  into  granules.] 

68.  Haematogenous  pigments  are  such  as  are  demonstrably  derived 
from  the  coloring-matter  of  the  blood.  They  generally  originate  in  blood 
which  has  escaped  from  the  vessels.  More  rarely  the  change  to  pigment 
occurs  in  blood  which  is  still  circulating.  As  is  well  known,  the  color- 
changes  recognizable  by  the  eye  take  place  very  quickly  in  small  extra- 
vasations as  well  as  large.  In  the  skin,  such  extravasations  become  first 
brown,  then  blue,  then  green,  then  yellow.  Where  small  hemorrhages 
have  occurred  in  the  deeper  tissues,  such  as  the  peritoneum,  pleura,  or 
lungs,  we  find,  even  long  afterward,  brown,  or  gray,  or  black  spots  and 
patches.  Larger  hemorrhages  (apoplexies)  into  the  substance  of  the 
brain  or  lungs  take  on  after  a  time  a  rusty  brown  color  ;  and  still  later 
leave  only  a  dirty  yellow  or  yellowish  brown  staining.  All  these  color- 
changes  correspond  to  definite  chemical  and  physical  transformations  of 
haemoglobin. 

Wherever  in  the  tissues  or  in  a  cavity  of  the  body  a  hemorrhage  may 
have  occurred,  there  ensues  a  series  of  changes  in  the  escaped  blood  of 
which  the  following  are  the  most  important. 

One  part  of  the  blood,  including  red  cells  as  well  as  plasma,  may  be 
re-absorbed  by  the  lymphatics  and  carried  off  unchanged. 

Another  portion  of  the  corpuscles  may  become  in  a  way  dissolved  ; 
their  haemoglobin  diffuses  from  them  into  the  surrounding  tissues,  and 
the  pale  residual  stroma  breaks  up  and  disappears.  It  is  this  diffused 
and  altered  coloring-matter  (or  hsematin)  which  gives  rise  to  the  color- 
changes  in  cutaneous  extravasations,  as  it  passes  through  various  trans- 
formations. The  transformed  pigments  (which  are  similar  to  the  biliary 
coloring-matters)  are  partially  re-absorbed  and  at  length  excreted  in  the 
urine  (urobilinuria)  ;  another  part  crystallizes  in  the  tissues,  and  forms 
the  orange  or  ruby-red  rhombic  tablets  and  needles  known  as  hasmatoidin- 
crystals   (Fig.  18,  H).     These  are  very  frequently  found  as  the  residue 
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of  old  hemorrhages,  such  as  occur  in  the  brain  ;  they  may  remain  a  long 
time  in  the  tissues  without  change. 

A  third  portion  of  the  corpuscles  shrink  up  or  crumble  down  into 
brown  granular  masses.  This  is  especially  the  case  in  the  large  extra- 
vasations forming  so-called  htematomata.  These  masses  become  in  part 
transformed  into  brown  amorphous  pigment.  This  lies  free  in  the  tissues, 
and  often  becomes  darker  in  color  with  age. 

A  fourth,  and  that  the  greater  portion  of  the  corpuscles  and  the  pro- 
ducts of  their  disintegration,  is  taken  up  by  leucocytes  (Art.  114),  which 
gather  in  large  numbers  round  the  seat  of  extravasation  and  even  pene- 
trate into  it.  The  cells  become  in  this  way  corpuscle-  and  pigment- 
carriers  (Fig.  18,  A,  a  and  6).     The  transformation  of  the  hsematin  into 


Fig.  18.     +  500.     A.  Cells  containing  red  Blood-corpuscles  ;  in  a  the  fragments  are  few  but  large,  in  & 
and  c  they  are  numerous  and  minute,     B.  Rhombic  Tablets  and  Needles  of  Hcematoidin. 

brown  pigment  is  completed  within  these  cells,  the  corpuscles  breaking 
up  into  minute  granules  (Fig.  18,  A,  h  and  c).  The  pigment  may  be  set 
free  again  by  the  disintegration  of  the  carrier-cells.  Probably  the  cells 
have  also  the  power  of  eliminating  it,  without  themselves  perishing. 

These  various  modes  of  transformation  of  the  blood-corpuscles  very 
frequently  go  on  at  the  same  time  in  the  same  extravasation.  Their  ulti- 
mate result  is,  in  the  first  instance,  a  local  discoloration,  due  to  pigment 
partly  amorphous  and  partly  crystalline  in  character.  Secondary  pig- 
mentation of  remote  organs  such  as  the  lymphatic  glands,  the  spleen, 
and  the  liver,  may  follow  upon  this,  owing  to  absorption  of  the  pigment 
by  the  lymphatics. 

The  formation  of  pigment  in  blood  which  is  actually  circulating  is  not 
carried  beyond  the  first  stage  (the  breaking  up  of  the  red  corpuscles) 
within  the  vessels  (Arts.  262  and  268)  ;  the  completion  of  the  process  is 
effected  outside  the  vessels.  The  pigments  just  described  are  only  in 
part  organic  derivatives  of  the  coloring  matter  of  the  blood  (like  hsema- 
tin and  haematoidin).  A  considerable  part  is  composed  of  an  inorganic 
iron-compound  ;  namely,  the  hydrated  sesquioxide  (Kunkel).  This  is 
especially  the  case  in  large  extravasations,  where  the  haemoglobin  is  de- 
composed on  the  spot.  The  contained  iron  being  thereupon  set  free  in 
the  form  of  oxide,  remains  where  it  is  and  forms  yellow  or  brownish 
flakes. 
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[It  may  be  of  use  to  mention  that  hminoglohin  is  the  unchanged 
coloring-matter  of  the  blood  as  it  exists  in  the  living  corpuscles.  Saema- 
tin  is  the  colored  constituent  obtained  when  lisemoglobin  is  decomposed 
{e.g.f  by  boiling)  ;  the  other  constituent  being  a  proteid  body.  Haema- 
toidin  is  formed  when  the  decomposition  is  carried  still  further  ;  it  is 
identical  with  bilirubin  (see  Gamgee,  "Physiol.  Chem.,"  i.,  2). 

The  first  exact  researches  into  the  nature  of  the  blood-pigments  were 
made  by  Virchow  ("  Virch.  Arch.,"  vols,  i.,  ii.,  iv.,  and  vi.,  and  "  Cellu- 
lar Pathology  ").  He  sought  to  show  that  hsematoidin  is  to  be  regarded 
as  the  typical  final  resultant  of  the  transformations  of  haemoglobin  within 
the  human  body.  He  assumed  that  the  hsemoglobin  escaped  into  the 
tissues  unchanged,  and  was  then,  by  a  secondary  process,  transformed 
into  granules  and  crystals,  either  within  or  without  the  cells.  Langhans 
("Virch.  Arch.,"  vol.  xlix.),  on  the  other  hand,  maintained  that  the 
transformation  of  the  red  corpuscles  into  pigment  could  only  take  place 
inside  the  carrier-cells.  Gordua  ("  Ueber  den  Resorptionsmechanismus 
von  Blutergiissen,"  Berlin,  1877)  has  convinced  himself  by  his  investiga- 
tions that  the  formation  of  pigment  from  haemoglobin  may  take  place 
partly  outside  the  carrier-cells,  partly  within  them.  Ziegler's  researches, 
carried  out  upon  specimens  from  dead  bodies  and  upon  extravasations 
experimentally  produced,  lead  him  to  agree  with  Virchow  and  Gordua. 

Perls  pointed  out  ("  Virch.  Arch.,"  vol.  xxxix.)  that  the  hsematogenous 
pigments  all  yield  the  reaction  of  ferric  oxide  when  treated  with  ferro- 
cyanide  of  potassium  and  hydrochloric  acid.  Even  when  the  pigment 
has  become  black  it  still  exhibits  the  reaction.  Kunkel  was  the  first  to 
show  ("  Virch.  Arch.,"  vol.  Ixxxi,,  and  "  Zeitschr.  f.  phys.  Chemie,"  iv., 
V.)  that  the  brownish  red  flakes  found  in  old  extravasations  are  not 
always  composed  of  hsematoidin.  Sometimes  these  flakes  contain  no 
organic  coloring-matter  at  all,  but  consist  entirely  of  hydrated  ferric 
oxide.  The  urobilin  (hydrobilirubin),  which  appears  in  the  urine  when 
free  absorption  of  large  extravasations  takes  place,  is  derived  either 
directly  from  hsemoglobin,  or  from  hsematoidin.  Further  details  on  the 
disintegration  of  the  blood  under  normal  and  pathological  conditions, 
and  the  pigmentations  connected  therewith,  are  to  be  found  in  the 
Special  Pathological  Anatomy,  Arts.  262  and  268. 

A  distinction  must  be  made  between  the  true  slate-colored  pigmenta- 
tion of  the  tissues  dependent  on  certain  blood  pigments,  and  the  slaty 
discolorations  seen  in  corpses  (pseudo-melanosis),  chiefly  in  the  intestinal 
canal  and  its  neighborhood.  These  discolorations,  usually  in  the  form  of 
indefinite  and  diffused  gray  patches,  are  due  to  the  formation  of  ferrous 
sulphide  ;  combination  takes  place  between  the  iron  of  the  haemoglobin 
present  and  the  sulphuretted  hydrogen  evolved  in  commencing  decom- 
position.] 

69.  Biliary  pigmentations.  If  the  excretion  of  bile  be  in  any  way 
hindered,  it  passes  over  into  the  general  circulation,  and  biliary  pigments 
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are  thus  larricd  to  tlio  various  oig-aiis.  'J'lin  vfllow  siaiiiiu;:^  of  the  tis- 
sues so  brought  about  is  called  icterus  or  jaundice.  When  jaundice 
persists  for  some  time  the  tint  becomes  olive-green  or  dirty  grayish  green. 
The  bile  in  the  tissues  is  usually  diffused  through  them  indefinitely  ; 
more  rarely  granidea  and  ruby-rod  crystals  occur.  Crystals  arc  chiefly 
found  in  the  ti.ssuc8  in  the  so-called  icterus  neonatorum,  or  jaundice 
appearing  within  a  few  days  of  birth.  Those  crystals  take  the  form  of 
ruby-red  rhombic  tablets,  and  are  composed  of  bilirubin  ;  they  are  iden- 
tical with  luematoidiii'-orystals.  In  th»i  jaundice  of  adults  crystals  are 
seldom  found  ;  generally  the  pigment  is  more  granular,  and  yellow  or 
brown.  This  is  especially  the  case  when  it  occurs  in  the  cells  of  the  liver, 
and  in  the  uriniferous  tubules.  In  addition  to  the  hepatogenous  jaundice 
which  depends  on  reabsorption  of  bile,  there  is  said  to  occur  also  a  hffima- 
togenous  form  resulting  from  a  disintegration  of  blood  within  tlie  blood- 
vessels ;  this  is  however  disputed  by  many  observers. 

[The  liy])Othesis  of  a  hsematogenous  jaundice  was  based  on  certain 
experimental  phenomena  by  Kiihne  ("  Virch.  Arch.,"  vol.  xiv.).  He  in- 
jected dog's  blood,  in  which  the  corpuscles  had  become  dissolved,  into 
the  vessels,  and  then  found  bile-pigments  in  the  urine.  Kunkel  ("Virch. 
Arch.,"  vol.  Ixxix.)  questions  the  decisiveness  of  these  experiments. 
Since  bile-pigments  are  formed  in  the  liver  by  the  disintegration  of  red 
corpuscles,  the  pi'ocess  of  pigment-formation  would  be  intensified  by 
Kuhne's  injections,  and  the  surplus  bile  produced  might  in  part  pass  into 
the  blood  again.  Orth  has  a  paper  ("  Yirch.  Arch.,"  vol.  Ixiii.)  on  the 
deposition  of  billrubin-crystals  in  the  jaundice  of  infants. 

The  most  various  theories  have  been  started  from  time  to  time  to 
account  for  icterus  neonatorum.  Birch-Hirschfeld  has  recently  ("  Virch. 
Arch.,"  vol.  Ixxxvii.)  treated  the  question  afresh.  He  maintains  that 
the  benign  form  of  jaundice  (/.6.,  jaundice  not  depending  on  septic  infec- 
tion or  profound  anatomical  change  in  the  liver),  is  the  result  of  oedema  of 
the  capsule  of  Glisson.  This  oedema  arises  in  consequence  of  venous  en- 
gorgement in  the  region  of  the  remnant  of  the  umbilical  vein  and  vena 
ports.  This  explanation  seems  somewhat  far-fetched.  May  not  the 
jaundice  simply  depend  on  an  overgreat  resorption  of  bile  from  the 
meconium?] 

70.  Pigmentation  of  the  tissues  by  extraneous  substances.  Any 
substance  optically  distinguishable  from  a  tissue,  which  becomes  in  any 
way  incorporated  with  it  and  remains  for  a  time  unchanged,  may  give 
rise  to  a  special  coloration  of  the  tissue.  The  number  of  such  substances 
is  of  course  large,  and  the  manner  of  their  incorporation  various.  The 
commonest  avenues  of  entrance  are  surface-wounds,  the  air-passages,  and 
the  alimentary  canal. 

The  most  familiar  instance  of  wound-staining  is  tattooing,  common 
among  civilized  peoples  as  well  as  among  savages.     The  way  in  which 


104  A   TEXT-BOOK    OP   PATHOLOGICAL    ANATOxMY. 

the  colored  tattoo-marks  are  produced  is  this  :  the  skin  is  first  wounded 
by  scratches  or  punctures,  and  then  insoluble  granular  coloring-matters, 
such  as  charcoal,  cinnabar,  etc.,  are  well  rubbed  in.  Where  the  skin  is 
broken  the  colored  particles  penetrate  and  infiltrate  the  cutaneous  tis- 
sues. One  part  remains  where  it  is,  so  that  the  skin  continues  perma- 
nently pigmented  ;  another  part  is  carried  off  to  the  lymphatic  glands, 
which  also  become  pigmented. 

The  lungs  and  their  lymphatic  glands  may  become  very  deeply  pig- 
mented by  the  long-continued  inhalation  of  foreign  matters,  such  as  coal- 
dust,  soot,  particles  of  iron  or  rust,  etc.  In  consequence  of  prolonged 
inhalation  of  coal-dust,  for  example,  the  lung-tissue  may  become  perfectly 
black  (miner's  lung). 

Among  the  pigmentations  arising  from  matters  taken  up  in  the  ali- 
mentary canal,  we  must  mention  the  so-called  argyrism  (argyria). 
This  is  a  staining  of  the  tissues  consequent  upon  long-continued  internal 
use  of  salts  of  silver.  The  skin  in  such  cases  may  assume  an  intense 
brownish-gray  color  ;  and  the  internal  organs  may  also  be  more  or  less 
discolored.  The  silver  is  deposited  as  fine  granules  in  the  ground-sub- 
stance of  the  different  tissues. 


CHAPTER    XYII. 
THE   FOBMATION   OF   CYSTS. 

71.  A  oyst  is  an  excavation  bounded  by  an  envelope  of  fibrous  tissue 
or  other  more  complex  structure,  and  enclosing  contents  distinguishable 
from  the  envelope.  According  to  its  mode  of  origin  the  inner  surface  of 
the  envelope  may  be  lined  with  epithelium  or  with  endothelium. 

Epithelial  cysts  arise  by  the  dilatation  of  pre-existing  epithelial  cavi- 
ties. The  commonest  instance  of  this  is  the  glandular  cyst,  which  ensues 
upon  closure  of  the  gland-duct.  The  secretion  collects  behind  the  ob- 
struction, and  the  gland  dilates  to  a  cyst  filled  with  altered  secretion. 
Cysts  of  retention,  as  these  are  called,  are  chiefly  met  with  in  the 
uterus,  intestine,  mamma,  kidney,  and  skin. 

In  the  case  of  ductless  organs,  like  the  Graafian  follicles  and  the  thy- 
roid, dilatation  of  the  cavities  ensues  whenever  the  secretion  is  morbidly 
increased.  Cysts  may  also  be  formed  in  glandular  structures  occurring 
in  morbid  new  growths.  Various  canals,  moreover,  which  are  normally 
clothed  with  epithelium,  may,  in  consequence  of  obstruction  and  local 
dilatation,  develop  into  epithelial  cysts.  Such  canals  are,  for  example, 
the  bile-duct,  congenital  cervical  fistulsB,  the  vermiform  appendix,  and  the 
ureter. 

Endothelial  cysts  arise  primarily  by  dilatation  of  pre-existing  cavities 
in  the  connective  tissues,  such  as  bursse,  tendon-sheaths,  obstructed  lym- 
phatics, etc.  In  other  cases  they  are  owing  to  the  collection  of  fluid  in 
new-formed  or  false  membranes.  The  contents  of  these  cysts  vary  with 
their  mode  of  origin,  but  consist  generally  of  mere  lymph.  These  might 
also  be  described  as  cysts  of  retention,  in  a  special  sense  of  the  term  ; 
they  are  really  exudation-cysts. 

The  cavities  which  are  formed  in  the  substance  of  a  solid  organ  by 
softening  and  disintegration  of  a  defined  region  are  very  frequently  de- 
scribed as  cysts.  Such  cysts  occur,  for  example,  in  the  brain,  and  they 
usually  contain  semi-liquid  detritus  of  the  brain-substance.  Similar 
cavities  arising  in  tumors  by  the  same  process  are  also  called  cysts.  In 
order  to  emphasize  the  difference  between  such  cysts  and  cysts  of  reten- 
tion, the  former  may  be  spoken  of  as  cysts  of  disintegration. 

Lastly,  a  species  of  cyst  may  be  formed  around  a  foreign  body  which 
has  become  lodged  in  the  tissues  ;  round  a  parasite  like  a  hydatid,  for 
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example  (Art.  245).     It  is  the  result   of  a  new  tissue-formation  in  the 
neighborhood  of  the  foreign  body. 

[The  student  should  consult  the  admirable  lectures  on  "  Cysts "  in 
Paget's  "  Surgical  Pathology  ;  "  they  contain  many  references  of  value. 

To  the  varieties  in  the  text  we  might  add — cysts  of  extravasation, 
or  blood-cysts,  resulting  from  hemorrhage  into  closed  cavities  {e.g.,  hse- 
matoma,  haematocele)  ;  and  dermoid  cysts,  which  are  congenital  (Art. 
178).  The  various  neoplastic  cysts  or  cystoid  tumors  will  be  referred  to 
under  their  proper  headings  in  Section  VI,  ;  and,  so  far  as  they  affect 
particular  organs,  in  the  Special  Pathological  Anatomy.] 


SECTION   IV. 

PROGRESSIVE    OR    FORMATIVE    DISTURB- 
ANCES    OF    NUTRITION. 


CHAPTER  XYIII. 

THE   CELLULAE  PROCESSES   CONCERNED  IN  HYPERTROPHY, 
HYPERPLASIA,  AND  REGENERATION. 

72.  In  treating  of  the  malformations,  we  had  occasion  to  speak  of 
excessive  development  of  the  organism  as  a  whole,  and  of  its  constituent 
parts — of  over-size  and  over-growth.  When  a  tissue  manifests  an  abnor- 
mal tendency  to  overgrowth,  it  is  said  to  hypertrophy.  This  term 
tacitly  implies  that  the  structure  of  the  overgrown  tissue  continues  to  cor- 
respond with  that  of  the  normal. 

The  overgrowth  first  described  implies  an  excessive  development  of 
the  organism,  or  organ,  in  the  embryonic  stage  of  existence.  Such  forms 
of  overgrowth  form,  however,  but  a  part  of  the  class  of  tissue-changes 
described  as  hypertrophies.  In  adult  life,  as  in  infancy,  certain  organs 
are  very  apt  to  hypertrophy,  that  is  to  increase  abnormally  in  size  while 
preserving  their  normal  structure.  Such  hypertrophies  are  to  be  met 
with  in  the  voluntary  muscles,  the  heart-muscle,  the  unstriped  muscles 
of  the  alimentary  canal,  bladder,  and  ureters,  in  the  kidneys,  thyroid 
gland,  skin,  etc. 

The  increased  size  of  a  hypertrophied  organ  depends  on  two  factors. 
The  several  elements  of  the  organ  may  increase  in  size,  or  they  may  in- 
crease in  number.  With  Virchow  we  may  distinguish  between  simple 
hypertrophy,  i.e.,  elementary  overgrowth  in  the  stricter  sense  of  the 
term,  and  numerical  hypertrophy  or  hyperplasia,  i.e.,  an  increase 
in  the  number  of  constituent  cells  or  cellular  structures  in  the  organ  or 
tissue.  Thus  a  muscle  may  very  greatly  increase  in  bulk  by  mere  in- 
crease in  size  of  each  fibre  of  it  ;  while  the  number  of  fibres  remains  the 
same.  Of  course,  hypertrophy  and  hyperplasia  may  go  hand  in  hand  in 
the  same  tissue  ;  indeed  it  is  hard  to  conceive  of  a  hyperplasia  which  has 
not  been  preceded  by  a  hypertrophy,  at  least  of  some  of  the  cells. 

When  an  increase  in  the  number  of  cellular  elements  occurs  at  a  part 
where  tissue  has  already  been  destroyed  by  some  retrogressive  process, 
we  speak  of  it  as  regeneration.  We  assume  that  the  formation  of  new 
tissue  does  not  go  on  beyond  the  normal  limit,  but  suffices  merely  to  re- 
place what  has  been  lost. 

73.  Hypertrophy,  hyperplasia,  and  regeneration  are  dependent  ulti- 
mately upon  certain  cellular  processes.     The  formation  of  new  tissue  can 
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only  take  place  through  the  agenc}^  of  the  cells.  The  intercellular  sub- 
stance, unaided  by  the  cells  themselves,  has  no  power  or  potency  to  pro- 
duce new  tissue.  The  cells  which  go  to  form  new  tissue  arise  by  subdivi- 
sion from  pre-existing  cells.  New  cells  are  never  generated  from  plastic 
exudations,  as  was  formerl}-  supposed. 

Hypertrophy,  i.e.,  increased  size  of  a  cell,  is  in  general  consistent 
with  the  maintenance  of  the  properties  of  the  cell.  The  formative  pro- 
cess which  results  in  hypertrophy  is  confined  to  the  addition  of  new  con- 
stituents similar  in  kind  to  those  already  present  ;  the  cell  simply  grows. 
We  know  but  little  of  the  structural  changes  which  this  growth  involves. 
It  is,  however,  sometimes  noticed  that  the  cell-protoplasm  becomes  more 
granular  ;  or  that  the  granulation  alters  as  its  amount  increases  ;  the  nu- 
cleus also  changes  more  or  less  its  appearance. 

Our  knowledge  concerning  the  process  of  cell-multiplication,  or  pro- 
liferation (as  it  is  called,  though  the  term  is  not  a  happy  one),  is  more 
minute.  Researches,  most  of  them  very  recent,  have  shown  that  multi- 
plication is  attended  by  peculiar  changes  in  the  structure  of  the  cell  and 
of  its  nucleus,  which  affect  the  disposition  of  their  several  constituents. 
Movements  within  the  nucleus  are  usually  the  first  sign  that  cell-division 
is  about  to  take  place.  These  issue  in  subdivision  of  the  nucleus.  Then 
sooner  or  later  the  protoplasm  as  a  whole  is  set  in  motion,  and  this  ends 
in  the  complete  subdivision  of  the  cell  itself. 

74.  The  fully  developed  nucleus  of  a  cell  is  not  homogeneous,  but 
possesses  a  very  peculiar  structure.  This  is  clearly  to  be  made  out,  by 
appropriate  handling,  under  the  higher  powers  of  the  microscope,  A 
resting  nucleus,  i.e.,  one  which  is  not  about  to  subdivide,  consists  of  an 
external  capsule  or  membrane  (Flemming,  "  Virch.  Arch.,"  vol.  Ixxvii.), 
and  certain  contents.  The  latter  are  divisible  into  a  denser  highly  re- 
fractive nuclear  substance,  and  a  rarer  colorless  nuclear  juice,  or  inter- 
mediate substance.  The  nuclear  substance  contains — first,  certain  nu- 
cleoli or  nucleolar  corpuscles,  and  secondly,  scattered  granules  and 
filaments.  Frequently  the  filaments  are  aggregated  into  a  framework  or 
network  (Fig.  19,  a),  which  may  be  brought  out  very  distinctly  by  proper 
reagents. 

When  the  cell  is  about  to  subdivide  the  nuclear  network  undergoes  a 
series  of  typical  changes  of  form,  ending  in  the  division  of  the  nucleus 
into  two  equal  portions. 

According  to  Flemming,  the  first  stage  of  nucleus-division  is  the 
solution  and  disappearance  of  the  nucleoli ;  while  the  lauclear  substance 
takes  the  form  of  a  ravelled  coil  of  sinuous  filaments  (Fig.  19,  b);  this  is 
the  "  coil-form "  of  the  mother-nucleus.  The  nuclear  membrane  itself 
seems  to  break  up  and  furnish  filaments  to  the  coil.  From  this  stage 
onward  the  nuclear  figure  alone  takes  up  the  staining  reagent  (hence  the 
nuclear  substance  is  sometimes  spoken  of  as  chromatin). 

The  filaments  then  become  thicker  and  the  coil  looser  ;  its  continuity 
is  broken  here  and  there,  and  at  length  it  passes  into  the  "  wreath-form  " 
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(c).  In  this  the  filaments  are  arranged  in  a  loose  series  of  central  and 
peripheral  loopings,  the  centre  of  the  figure  being  unoccupied.  From 
this  is  fashioned  a  "  star-form,"  or  aster  (d),  with  free  double  rays,  the 
peripheral  loops  of  the  wreath-form  dividing  at  their  ends.  The  double 
rays  next  divide  longitudinally,  and  the  whole  star-form  contracts.  The 
filaments  of  the  single-rayed  star  (e)  thus  formed  next  gather  into  an 
equatorial  group,  which  soon  divides  into  two  equal  polar  segments  (/"). 
This  division  is  effected  by  the  development  of  a  transparent  equatorial 
plate  (g)  often  studded  with  fine  points  (Strasburger's  cell-plate).  The 
two  segments,  which   are  the   rudiments    of  the   daughter-nuclei,  move 


Pig.  19. — Indirect  Cell-division  (from  Plemming;  diagrammatic),  a,  cell  with  resting  nucleus  ;  &,  coil-form 
of  mother-nucleus ;  c,  wreath-form  showing  the  central  and  peripheral  loops,  some  of  them  broken  through  ; 
d,  star-form  with  free  rays,  showing  the  filaments  in  the  act  of  splitting  ;  e,  fine-rayed  star-form  ;  /,  nucleus 
with  equatorial  plate ;  division  into  polar  segments ;  g,  half -barrel  or  half-spindle  form  ;  the  points  in  the 
middle  are  Strasburger's  equatorial  cell-plate ;  A,  star-form  of  daughter-nucleus  ;  i,  wreath-form ;  k,  coil- 
form  :  L  resting  nucleus  with  network. 


asunder  toward  opposite  poles  and  form  the  "  half-barrel"  or  "half-spin- 
dle "  figure  (Eberth's  and  Maizel's  "  creel-form,"  or  "  basket-form").  The 
half-spindle  form  of  the  daughter-nucleus  passes  into  a  star-form  (h),  and 
this  into  a  wreath-form  (i)  by  the  fusion  of  the  ray-ends.  The  wreath- 
form  shrinks  and  its  filaments  become  more  ravelled,  till  at  length  it 
takes  the  coil-form  [k).  This  becomes  looser  and  more  regular,  and  so 
finally  the  daughter-nucleus  fashions  itself  a  nuclear  network  (l),  and 
passes  into  the  resting  state  corresponding  to  the  resting  state  of  the 
mother-nucleus. 

In  the  stage  of  the  star-form  and  the  wreath-form  of  the  daughter- 
nucleus,  constriction  of  the  cell-protoplasm  commences  (^),  and  ends  with 
the  completion  of  the  coil-form  (k).  During  the  active  stages  of  the 
subdividing  process  the  nuclear  juice  or  intermediate  substance  does  not 
stain,  though  it  stains  in  the  resting  state.  During  subdivision  the  nucleus 
is  surrounded  by  a  clear  areola.  The  whole  process  takes  place  rapidly  ^ 
it  ends  with  the  complete  constriction  and  severance  of  the  cell-proto- 
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plasm.     The  above  mode  of  subdivision  is  called  indirect  or  karyokin* 
etic  (Kopvov,  a  kernel). 

[According  to  a  recent  communication  of  Flemming's  ("  Arch.  f. 
mikrosk.  Anat.,"  xx.),  the  intermediate  substance  of  the  nucleus  contains 
(in  stained  preparations,  and  presumably  also  in  the  living  state)  a  deli- 
cate prolongation  or  continuation  of  the  nuclear  network.  The  fine 
granulation  observed  in  the  intermediate  substance  with  lower  magnify- 
ing powers  is  really  but  an  optical  section  of  the  meshes  and  filaments  of 
the  finer  network.  The  nuclear  membrane  is  merely  the  peripheral  ex- 
pansion of  the  nuclear  network. 

Most  important  and  valuable  researches  on  the  changes  in  cells  and 
nuclei  during  subdivision,  have  been  made  by  Flemming  ("  Arch.  f. 
mikrosk.  Anat.,"  xvi.-xx.)  and  Strasburger  ("  Zellbildung  und  Zelltheil- 
ung,"  Jena,  1880).  The  former  has  worked  upon  animal  cells,  the  latter 
upon  vegetable  cells.  Strasburger's  description  of  the  process  of  nucleus 
division  is  not  quite  the  same  as  Flemming's.  He  distinguishes  a  nuclear 
substance  (chromatin),  and  a  nuclear  juice  (achromatin).  The  capsule  or 
nuclear  membrane,  as  well  as  the  granules,  network,  and  nucleoli  which 
lie  in  the  interior,  belong  to  the  nuclear  substance.  When  the  nucleus 
sets  about  subdividing,  its  granulation  becomes  coarser,  and  the  granules 
run  together  into  convoluted  filaments  ;  the  nucleolar  corpuscles  and  cap- 
sule also  take  part  in  forming  the  filaments.  These  filaments  have  the 
power  of  stretching  or  streaming  out  into  the  cell-protoplasm.  Then 
follows  an  elongation  of  the  nucleus  and,  at  the  same  time,  of  the  fila- 
ments, so  that  the  whole  assumes  a  spindle-like  shape,  and  two  poles  be- 
come distinguishable.  The  filaments  shrink  up  toward  the  equator,  and 
so  form  the  nuclear  disc,  the  entire  nuclear  substance  going  to  make  it. 
From  this  account  it  appears  that  the  nuclear  disc  consists  entirely  of 
shortened  rodlets  or  filaments.  On  both  sides  of  this  eq-uatorial  disc  ap- 
pear slender  striae  or  filaments,  the  so-called  spindle-filaments,  and  these 
together  with  the  nuclear  disc  make  up  a  secondary  spindle-form  of  which 
the  disc  constitutes  the  equatorial  zone.  The  spindle-filaments  converge 
at  the  poles,  or  end  freely.  The  material  of  which  they  are  made  is  fur-^ 
nished  by  the  cell-protoplasm.  They  are  not  taken  up  by  the  nuclear 
substance  ;  indeed  they  are  eliminated  again  as  the  subdivision  proceeds. 
The  daughter-nuclei  originate  in  the  nuclear  disc.  This  parts  asunder  at 
the  equator,  and  the  two  halves  draw  apart  toward  the  poles.  These  halves 
become  the  daughter-nuclei  ;  they  are  still  connected  by  a  few  fine  spin- 
dle-filaments. A  row  of  granules  now  makes  its  appearance  in  the  equa- 
torial plane  ;  this  is  the  cell-plate,  and  in  this  the  new  cell- wall  is  formed. 
Protoplasm  appears  on  each  side  of  it,  in  which  the  spindle-filaments  are 
merged — and  thus  the  process  of  division  is  completed. 

Strasburger's  account  of  cell-division  in  the  vegetable  kingdom  would 
seem  to  indicate  that  a  certain  difference  exists  between  that  and  the  ani- 
mal kingdom.      Flemming,  however,  has  shown  in  a  recent  paper  that  the 
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physical  processes  involved  in  karyokinetic  subdivision  are  in  ail  cases 
essentially  the  same,  at  least  in  so  far  as  they  are  to  be  made  out  opti- 
cally. He  thinks  the  apparent  differences  are  not  so  great  as  Strasburger 
conceives  them  to  be. 

It  is  of  great  interest  to  note  the  fact  established  by  Flemming — that 
in  the  segmentation  of  the  ovum  the  process  of  nucleus-division  follows 
throughout  that  which  we  have  described  as  the  karyokinetic  mode 
(Balfour,  "  Comp.  Embryology,"  i.,  3). 

This  mode  of  nucleus-division  has  often  been  observed  and  described 
as  occurring  in  pathological  proliferations.  The  chief  memoirs  are  by 
Eberth  ("Virch.  Arch.,"  vol.  Ixvii.),  Arnold  {"  Virch.  Arch.,"  vols. 
Ixxvii.,  Ixxviii.),  Flemming  {loc.  C2Y.),  Martin  ("Virchow's  Archiv,"  vol. 
Ixxxvi.),  Drasch  ("Wiener  Sitzungsber.,"  1881),  Klein  {^Qiiart.  Journ. 
of  Micr.  Science,  1878  and  1879).  Priestley  gives  a  summary  of  the  early 
researches  in  Quart.  Journ.  of  Micr.  Science,  1876  ;  Cunningham  reviews 
the  more  recent  ones  in  the  same  journal,  January,  1882.] 

75.  These  structural  changes  in  the  nucleus  point  unmistakabh^  to  the 
energetic  internal  motions  which  affect  its  molecules  in  the  process  of 
growth.  Our  knowledge  of  the  molecular  changes  in  the  cell-protoplasm 
is  unfortunately  more  meagre  and  incomplete.  Here,  however,  it  is  also 
possible  to  make  out  by  proper  means — that  the  protoplasm  assumes  a 
special  structure,  and  that  various  movements  and  transmutations  of 
form  occur  amongst  its  component  elements.  Thus  in  certain  cases 
nucleus-division  is  accompanied  by  lively  rotary  movements  in  the  pro- 
toplasm. Such  transformations  and  transpositions  explain  certain  phe- 
nomena which  are  frequently  observed — for  example,  the  formation  of  a 
transparent  areola  round  the  subdividing  nucleus,  of  radiating  lines  of 
granules  making  up  the  so-called  "  karyolytic  "  figure,  etc.  Such  radiating 
lines  of  granules  have  especially  been  seen  in  the  process  of  impregnation 
of  the  ovum.  They  occur  in  the  neighborhood  of  the  male  and  female 
pronuclei,  and  have  been  described  as  the  aster  (Balfour,  "  Comp.  Embry- 
ology," vol.  i.,  ch.  3).  Flemming,  as  well  as  Strasburger,  assigns  to  the 
cell-protcplasm  an  essential  part  in  the  process  of  subdivision.  Stras- 
burger even  asserts  that  it  is  the  penetration  of  the  protoplasm  into  the' 
nucleus  which  calls  forth  a  reciprocal  activity  in  the  latter,  and  so  gives  it. 
an  impulse  toward  subdivision.  Whether  this  be  true  or  not  we  cannot, 
at  present  decide,  inasmuch  as  no  penetration  of  the  protoplasm  into  the; 
nucleus  has  ever  been  directly  observed.  The  ordering  of  the  granules 
into  radiate  figures,  like  the  other  movements  of  the  protoplasm  hitherto 
observed,  takes  place,  as  a  rule,  simultaneously  with  the  process  of  nucleus- 
division.  In  some  cases,  however,  it  may  precede,  in  others  it  may  suc- 
ceed, the  latter.  Thus,  according  to  Gruber  ("  Zool.  Anzeiger,"  1880)  the 
infusorian  Euglypha  alveolata  first  gives  rise  to  a  daughter-cell,  then  the 
nucleus  becomes  subdivided  and  migrates  into  the  daughter-cell  ;  while  at 
the  same  time  active  movements  become  visible  in  the  cell-protoplasm. 
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A  special  form  of  cell-division  is  that  which  takes  place  after  an 
antecedent  conjugation.     It  is  common  among  the  infusorians. 

[In  order  to  make  out  the  nuclear  figures,  the  cell  must  be  examined 
either  in  the  living  state  or  after  treatment  while  still  living  with  a 
rapidly  fixing  solution.  If  this  is  not  done  the  process  of  subdivision  is 
completed  as  the  cell  gradually  dies.  There  is  no  general  rule  of  proceed- 
ing which  will  apply  to  the  examination  of  all  cells,] 

76.  The  indirect  process  of  cell-division  just  described  will  serve  as  a 
pattern  of  the  processes  which  occur  in  pathological  cell-formation.  No 
satisfactory  demonstration  has  been  given  of  the  theory  that  cell- 
division  may  occur  in  another  way,  namely  by  direct  constriction  of  the 
cell  without  interior  structural  change.  Nor  has  it  been  certainly  es- 
tablished that  a  nucleus  or  cell  can  arise  de  novo  out  of  an  indifferent 
blastema  (or  homogeneous  matrix),  at  any  rate  within  the  domain  of 
pathological  cell-formation.  Virchow's  aphorism,  Omnis  cellula  e  celluld, 
is,  in  this  domain  at  least,  most  fully  and  completely  confirmed. 

But  though  we  maintain  that,  so  far  as  we  know,  cell-division  is 
always  indirect,  never  direct,  we  do  not  imply  that  every  cell-division 
proceeds  exactly  according  to  the  scheme  we  have  indicated.  On  the 
contrary,  the  examination  of  different  specimens  shows  that  the  form 
and  construction  of  the  nuclear  figures  are  by  no  means  always  the  same  ; 
deviations  within  certain  limits  may  occur. 

But  while  the  figures  formed  by  the-  nuclear  filaments  may  differ  con-, 
siderably,  the  principle  and  plan  of  the  process  is  fundamentally  the 
same.  Even  the  simultaneous  formation  and  development  of  three  or 
four  daughter-nuclei  is  but  a  modificatien  of  the  general  process. 

The  subdivision  of  the  cell-protoplasm  usually  follows  immediately 
upon  the  division  of  the  nucleus  ;  but  the  connection  of  the  two  pro- 
cesses is  by  no  means  inevitable.  Not  infrequently  the  nucleus  subdivides 
while  the  cell  does  not.  The  result  is  the  formation  of  binucleated,  l)r 
finally  of  multinucleated  cells,  the  so-called  giant-cells.  These  giant- 
cells  may  afterward  break  up  into  uninucleated  cells,  the  protoplasm 
gathering  itself  around  the  several  nuclei  and  dividing  along  the  bounda- 
ries of  the  regions  so  defined.  Sometimes  this  happens  in  a  peculiar 
way.  The  protoplasm  of  the  daughter-cell  separates  from  that  of  the 
mother-cell,  but  in  such  wise  that  it  remains  surrounded  by  the  latter  on 
all  sides  ;  the  one  cell  includes  the  other,  Virchow  has  called  such  cells 
brood-cells.  They  do  not  occur  frequently.  They  have  been  thought 
commoner  than  they  really  are — inasmuch  as  leucocytes  which  have 
penetrated  into  a  large  ordinary  cell  have  been  taken  for  a  brood  of 
daughter-cells.  The  process  of  cell-division  takes  a  peculiar  form  also  in 
the  formation  of  cell-buds,  or  gemmation.  The  mother-cell  shoots  out 
a  longer  or  shorter  process  ;  this  then  receives  a  nucleus  ;  and  lastly 
divides  off  from  the  parent  (see  under  New  Blood-vessels,  Art.  86).     The 
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peculiarity  is  chiefly  in  this — that  the  movements  of  the  protoplasm 
(evidenced  by  the  protrusion  of  the  bud)  precede  the  nucleus-division. 
The  new  nucleus,  derived,  as  in  all  other  cases,  by  subdivision  from  the 
mother- nucleus,  migrates  into  the  bud  after  it  is  already  marked  off  from 
the  parent. 

[Until  quite  lately  the  process  of  nucleus-division  was  described  (after 
Remak)  somewhat  in  this  fashion  :  The  nucleus  lengthens  out,  becomes 
indented  and  constricted  in  the  middle,  and  at  last  divides  (compare  Rind- 
fleisch,  "  Pathological  Histology,"  vol.  i.,  p.  71  ;  Cornil  and  Ranvier, 
"Manual  of  Path.  Hist.,"  vol.  i.,  pp.  9,83).  The  constricted  bean-shaped 
nuclei  found  in  some  preparations  were  regarded  as  in  the  preliminary 
stages  of  subdivision  ;  and  the  multiplication  of  the  nucleoli  was  regarded 
as  the  first  step  in  the  actual  process.  This  view  must  now  be  given  up. 
The  various  shapes  of  the  nuclei  depend  partly  on  actual  contractions, 
partly  on  shrinkage  during  the  hardening  process.  Increased  size  of  the 
nucleus  may  perhaps  have  a  relation  to  its  imminent  subdivision  ;  the 
mere  multiplication  of  its  nucleoli  has  certainly  no  such  relation. 

The  older  thieories  of  direct  nucleus-division  have  been  discredited  by 
the  latest  researches  ;  so  also  have  the  still  older  views  concerning  the 
formation  de  novo  of  cells  and  nuclei.  (See  Strasburger,  op.  cit.,  where 
full  references  to  the  literature  of  this  subject  are  given.) 

The  question  whether  or  not  the  white  blood-cells  subdivide  is  as  yet 
unsettled.  Indirect  nucleus-division  has  not  been  observed  in  them.  See 
Klein,  "  Centralb.  med.  Wiss.,"  1869,  Quart.  Jour,  of  Mic.  Sci.,  1875,  and 
"Handb.  of  Phys.  Lab.;  "  Ranvier,  "  Traite  technique  d'histologie,"  p.  161. 

On  "  endogenous  gemmation,"  by  which  brood-cells  are  produced,  see 
Virchow,  "  Cellular  Pathology,"  and  Klein,  "  Wiener  Sitzungsber.,"  1871, 
and  "  Anatomy  of  Lymphatic  System,"  vol.  i.,  London,  1875.] 

77.  The  formation  of  new  cells  is  the  first  step  toward  hyperplasia  as 
well  as  toward  regeneration.  They  yield  the  formative  tissue  out  of 
which  the  definitive  structures  are  developed.  As  the  processes  of  cell- 
division  in  pathological  new-formations  are  closely  analogous  with  those 
of  normal  multiplication,  so  also  do  the  succeeding  formative  processes 
run  parallel  with  those  of  normal  growth.  If  epithelium  or  fibrous  tissue 
is  to  be  fashioned  out  of  the  indifferent  tissue  which  results  from  cell- 
division,  the  process  of  transformation  is  exactly  the  same  as  occurs  in 
the  normal  development  of  the  organism  from  embryonic  tissue. 

So  far  as  investigation  in  this  region  has  yet  extended,  we  find  the  law 
of  the  specific  nature  of  the  tissues  to  be  everywhere  obeyed.  The 
cell-progenj^  of  the  embryonic  cells  which  went  to  form  any  given  layer 
of  the  blastoderm  can  go  to  build  up  such  tissues  only  as  are  normally  de- 
rived from  that  layer.  An  epithelial  cell  can  in  no  possible  circumstances 
form  bone  or  cartilage  ;  a  connective-tissue  corpuscle  cannot  bring  forth 
an  epithelial  cell  or  a  gland-cell.  This  law  has  frequently  been  called  in 
question  ;  the  specific  distinction  between  the  various   tissues   was   for- 
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merly  not  recognized  or  not  accepted.  Thus  \  irchow,  to  whom  we  owe 
the  fundamental  principles  of  cellular  pathology  as  regards  new-forma- 
tions, held  that  connective  tissue  might  serve  for  the  matrix  of  the  most 
various  structures.  This  view  is  no  longer  tenable  ;  observed  facts  con- 
strain us  to  believe  that  a  tissue  cannot  give  rise  to  new  tissue  other  than 
of  its  own  kind  or  kindred. 

Epithelial  tissues  are,  generally  speaking,  built  up  by  the  cementing 
together  of  formative  cells  in  a  way  which  is  characteristic  of  epithelium 
everywhere  ;  the  cells  are  in  juxtaposition,  the  intercellular  cementing 
substance  is  subordinate.  In  fibrous  tissue,  on  the  other  hand,  the  inter- 
cellular material  derived  from  the  cells  is  the  chief  constituent,  and  gives 
to  the  tissue  its  characteristic  properties. 

78.  A  morbid  growth  is  the  product  of  various  factors.  If  a  cell  is  to 
grow  and  multiply  it  must  first  be  endowed  with  the  faculties  necessary 
to  growth  and  reproduction.  In  other  words,  it  must  have  the  power  to 
take  up  from  the  blood  a  greater  quantity  of  nutriment,  to  assimilate 
this,  and  apply  it  to  the  formation  of  new  protoplasm.  This  property  of 
the  cell  Virchow  has  called  the  nutritive  and  formative  excitability  (Trri- 
tabilitdt);  a  term  which  implies  that  it  is  some  stimulus  or  excitation 
from  without  which  stirs  up  the  cell  to  increased  assimilation. 

We  must,  therefore,  begin  by  inquiring  of  what  kind  the  stimuli  must 
be  that  can  thus  excite  the  cell  to  intenser  activity. 

When,  in  embryonic  development,  a  part  or  organ  grows  to  an  abnor- 
mal size  and  thus  becomes  so  to  speak  gigantic,  we  may  refer  the  phenom- 
enon to  several  possible  originating  causes.  The  primary  rudiment  of 
the  part  may  have  been  unusually  large  ;  the  embryonic  cells  may  have 
been  endowed  with  an  abnormal  share  of  vital  energy  ;  they  may  have 
had  specially  favorable  chances  of  nutrition  ;  the  resistances  to  prolifera- 
tion may  have  been  abnormally  slight.  It  is  not,  in  general,  an  easy  task 
to  decide  which  of  these  factors  has  in  a  given  case  determined  the  result. 
It  is,  of  course,  always  possible  that  several  factors  have  been  working  to- 
gether. 

In  the  hypertrophies  of  later  life  (including  the  hyperplasias  and  re- 
generations), which  are  demonstrably  conditioned  from  without,  and  so 
do  not  depend  on  pre-existing  or  embryonic  factors,  the  question  of  eti- 
ology is  so  far  simplified.  We  must  direct  our  attention  to  the  other 
possible  factors,  namely  increased  vital  energy,  increased  supply  of  nutri- 
ment, or  diminished  resistance  to  growth.  It  is,  however,  not  to  be  for- 
gotten— that  the  cause  of  the  increased  activity  of  the  cell  may  be  of  the 
nature  of  a  stimulus  from  without,  which  acting  directly  upon  the  cell 
excites  it  to  more  intense  productiveness.  We  may  assert  then  in  gen- 
eral terms  that,  when  the  nutritive  and  formative  activities  of  a  cell  are 
morbidly  increased,  the  effect  is  dvie  to  augmentation  of  the  physiological 
stimuli  or  diminution  of  the  physiological  resistances  to  growth,  or  to  the 
direct  influence  of  external  stimuli. 

79.  Experience    has    shown   that  many  tissue-cells,   even   when  they 
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seem,  by  their  close  connection  with  their  neighbors,  to  be  as  it  were 
firmly  built  into  the  tissue  of  which  they  form  a  part,  still  retain  for  a 
time  the  power  of  growth  and  subdivision,  or,  in  other  words,  of  multipli- 
cation. This  is  especially  the  case  with  cells  whose  protoplasm  has  not 
undergone  any  serious  metamorphosis.  As  to  the  conditions  governing 
such  multiplication,  experience  alone  can  inform  us. 

Many  observers  (Strieker,  Boettcher,  Neumann,  etc.)  assert  that  ex- 
trinsic stimuli,  that  is  to  say  physically  or  chemically  active  substances, 
have  the  power  of  exciting  the  cell  to  proliferate.  Thus  caustics  and  the 
actual  cautery  applied  to  tissues  are  said  to  induce  in  them  cell-mul- 
tiplication by  direct  action.  There  seems  to  be  no  certain  observation 
which  either  establishes  or  confirms  the  assertion.  Researches  made  in 
this  direction  have  shown  that  the  action  of  such  external  agencies  is  in 
the  first  instance  destructive  ;  that  in  caustic  corrosion,  for  example,  not 
only  does  the  tissue  which  is  directly  attacked  perish,  but  that  in  its 
neighborhood  undergoes  secondary  degeneration  as  well.  It  has  further- 
more been  uniformly  observed  that  formative  changes  do  not  begin  to  ap- 
pear until  a  certain  time  after  the  injury  ;  it  is  therefore  very  unlikely 
that  they  are  directly  brought  about  by  it.  Lastly,  they  do  not  commence 
at  the  injured  spot,  but  in  its  neighborhood. 

From  these  considerations  it  appears  that  the  proposition,  often  enunci- 
ated as  if  it  were  self-evident — "  The  stronger  the  external  stimulus,  the 
greater  the  proliferation  " — cannot  be  accepted  as  true.  We  can  at  most 
admit  that  very  slight  stimuli,  sufficient  merely  to  excite  the  cell  without 
injuring  it,  may  perhaps  call  into  play  its  power  of  multiplication  ;  but 
nothing  has  been  experimentally  established  concerning  the  nature,  the 
action,  or  the  mode  of  application,  of  such  stimuli. 

[The  researches  on  the  reaction  of  cells  to  external  stimuli  have  been 
made  chiefly  with  the  view  of  determining  the  source  of  the  migratory 
cells  in  inflammation  (Art.  99).  Strieker  and  his  pupils  affirm  that  the 
stimulus  of  inflammation  excites  the  affected  cells  to  rapid  multiplication. 
The  tissue-cells  and  their  appendages  swell  up  (it  is  said)  under  this  ex- 
citation, and  subdivide  into  new  cells  and  non-nucleated  lumps  of  pro- 
toplasm (Strieker's  "  Vorles.  fiber  allg.  Pathol.,"  Vienna,  1878  ;  and 
"Pathology  of  Inflam.:"  "  Internat.  Encyclop.  of  Surgery,"  vol.  i., 
1882).  Cohnheim  ("  Lehrb.  d.  allg.  Pathol"),  Key,  Retzius,  Eberth,  and 
others  have  failed  to  make  out  any  such  consequence  of  inflammatory  ir- 
ritation. 

Even  if  the  meaning  of  the  word  stimulus  be  extended  to  include  any 
mechanical  or  chemical  agency  which  can  influence  the  cell,  we  cannot 
adduce  any  undoubted  observation  serving  to  establish  Strieker's  view.] 

80.  If,  then,  it  be  true  that  external  injurious  agencies  are  not  com- 
petent to  induce  multiplication  in  cells,  we  must  have  recourse  to  the 
normal  vital  stimuli  if  we  are  to  explain  the  process  of  pathological  cell- 
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growth.  For  the  due  growth  and  multiplication  of  a  cell  certain  exter- 
nal conditions  must  be  fulfilled.  Above  all  it  is  necessary  to  provide  for 
a  certain  degree  of  warmth,  and  a  certain  modicum  of  proper  nutritive 
material.  In  addition  to  this  there  must  be  no  obstacle  in  the  way  of 
multiplication.  These  are  the  external  requirements.  The  internal  con- 
dition is  the  inherent  faculty  of  the  cell  to  assimilate  the  nutriment  of- 
fered to  it. 

In  a  tissue  not  undergoing  transformation,  the  factors  favoring  pro- 
liferation and  those  which  inhibit  it  must  be  in  a  state  of  balance.  If 
this  balance  be  disturbed  toward  the  side  of  the  proliferous  forces,  the 
cells  proceed  to  grow  and  to  multiply.  The  factors  in  question  resolve 
themselves  on  analysis  into  three. 

In  the  first  place,  it  is  conceivable  that  the  capacity  of  the  cell  to  as- 
similate nutriment  may  be  increased.  Such  increase  can  only  be  condi- 
tioned by  an  increase  in  the  normal  stimuli  required  for  the  preservation 
of  the  cell.  Such  stimuli  are  warmth,  for  many  cells  light,  for  the  mus- 
cles motor  impulses,  for  glands  special  excitations  from  the  nervous  sys- 
tem, etc.  Increased  stimulation  of  this  kind  may  as  a  fact  lead  not  only 
to  intensified  functional  metabolism  in  the  tissue  concerned,  but  even  to 
hypertrophy  of  its  elements.  Such  hypertrophies,  which  we  may  call 
functional  hypertrophies  or  hypertrophies  of  action,  are  specially  common 
and  remarkable  in  muscles  and  glands  (heart-muscles,  bladder-muscles, 
kidneys,  etc.).  As  we  have  said,  they  are  referable  in  part  at  least  to  in- 
creased vital  activity  in  the  cells,  consequent  upon  increased  physiologi- 
cal stimulation. 

A  second  possible  factor  is  increase  in  the  supply  of  nutriment.  This 
plays  a  chief  part  in  hyperplastic  processes,  at  any  rate. 

A  third  is  the  removal  of  the  normal  checks  to  growth.  Its  effect  is 
most  evident  in  the  processes  described  as  regenerative. 

If  we  attempt  in  particular  cases  to  make  out  to  which  of  these  fac- 
tors cell-multiplication  is  due,  we  are  led  to  see  that  it  is  rare  for  any  one 
factor  alone  to  be  the  efficient  cause.  The  remarkable  regulating  me- 
chanism of  the  vessels  is  so  adjusted,  that  when  the  function  of  a  tissue 
is  increased  its  blood-supply  is  increased  to  correspond.  In  like  manner, 
when  the  smallest  fragment  of  tissue  is  removed,  the  slight  loosening  of 
the  surrounding  texture  is  enough  to  augment  the  stream  of  transudation 
from  the  vessels.  In  consequence  of  these  adjustments,  increased  supply 
of  nutriment  plays  a  great  part  in  all  the  formative  disturbances  of  nu- 
trition. 

[Cohnheim,  in  his  "  Allgemeine  Pathologie,"  has  insisted,  on  the  im- 
portance of  increased  supply  of  nutriment  even  more  strongly  than  we 
have  done.  According  to  his  view  it  is  the  sole  influential  factor,  com- 
pared with  which  the  intrinsic  activity  of  the  cell  is  quite  secondary. 
We  are  unwilling  to  condemn  the  cell  to  play  so  passive  a  part,  but 
rather  agree  with  Virchow,  who  ("  Cellular  Pathology  ")  lays  it  down  that 
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— "the  cell  is  not  nourished,  but  nourishes  itself."  Functional  hyper- 
trophy is  therefore  not  to  be  looked  upon  as  the  mere  consequence  of  the 
increased  blood-supply  to  the  active  organ.  If  the  assimilative  activity 
of  the  cells  were  not  augmented,  the  mere  presence  of  a  greater  supply  of 
nutriment  would  be  valueless.  See  Samuel's  "  Allg.  Path.,"  1879  ;  Pag- 
et's  "  Surgical  Pathology,"  Lect.  3.] 

81.  We  shall  more  readily  comprehend  the  activity  of  the  tissue-cells, 
i.e.,  their  behavior  under  various  conditions,  and  the  changes  they  pass 
through — now  at  rest,  and  now  manifesting  intense  formative  energy — 
if  we  consider  first  the  vital  manifestations  of  an  organism  that  is  unicel- 
lular. In  later  chapters  we  shall  have  frequently  to  speak  of  unicellular 
micro-organisms,  of  bacteria  and  yeast-plants,  and  their  mode  of  life. 
If  we  reflect  on  the  conditions  essential  for  the  multiplication  of  such  or- 
ganisms, we  note  that  the  nature  of  the  nutrient  fluid  is  (next  after  the  ad- 
justment of  the  temperature)  the  factor  of  highest  importance.  In  suit- 
ably composed  fluids  the  fungi  develop  much  more  luxuriantly  than  in 
those  that  are  ill-suited.  But  we  are  not  thereby  justified  in  assuming 
that  the  cell  plays  a  merely  passive  part,  that  all  it  has  to  do  is  to  take 
up  the  nutriment  offered  to  it.  The  cell  is,  on  the  contrary,  active,  and  its 
activity  has  a  special  influence  on  the  liquid  itself.  It  has  the  power  to  in- 
duce certain  chemical  changes  in  the  liquid, to  decompose  certain  substances 
contained  in  it,  and  to  change  their  condition  so  as  to  adapt  them  for  as- 
similation by  itself.  The  cell  does  not  merely  take  in  and  give  out  mate- 
rial ;  it  acts  "  catalytically  "  on  its  environment.  This  is  proof  at  least 
that  the  cell  possesses  a  high  degree  of  spontaneity — that  it  has  the 
power  of  making  more  available  for  its  own  sustenance  the  various  forms 
of  nutriment  that  come  in  its  way. 

It  is  also  of  great  interest  to  remark  that  the  cell  is  ultimately  limited 
in  its  formative  activity  by  its  own  products.  When  the  amount  of  nu- 
triment present  is  abundant,  the  activity  of  the  cell  comes  to  an  end,  not 
through  the  exhaustion  of  the  supply,  but  through  its  contamination  with 
certain  products  of  cell-metabolism.  Many  of  the  substances  engendered 
in  fermenting  liquids  by  the  action  of  fungi  tend  to  check  the  growth 
and  multiplication  of  the  fungi  themselves  ;  when  present  in  quantity 
they  may  put  a  stop  to  multiplication  altogether.  The  alcoholic  fermen- 
tation, and  the  multiplication  of  the  yeast-plant  which  produces  it,  come 
to  an  end  when  a  certain  proportion  of  alcohol  has  been  generated  in  the 
fermenting  liquid.  In  septic  putrefaction  the  bacteria  generate  com- 
pounds, such  as  carbolic  acid,  which  are  destructive  to  themselves.  If 
we  may  apply  these  facts  of  fungus-physiology  to  the  cell-physiology  of 
higher  organisms,  we  find  that  they  illustrate  first  of  all  this  principle — 
that  the  quantity  and  quality  of  the  nutritive  material  at  the  disposal  of 
the  cell  have  a  profound  influence  upon  its  behavior.  And  secondly,  this 
other — that  the  cell  has  nevertheless  an  intrinsic  power  of  utilizing  this 
material,  and  of  appropriating  what  is   suitable  to  itself  out  of  various 
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combinations.  Lastly,  the  limits  imposed  on  the  multiplication  of  fungi 
by  the  products  of  their  own  activity  may  help  us  to  understand  how  the 
formative  activity  of  the  cells  of  complex  organisms  may  be  temporarily 
checked.  We  cannot  indeed  regard  the  intercellular  substance  of  the 
connective  tissues  as  equivalent  in  significance  to  the  products  of  the 
chemical  changes  induced  by  the  bacteria.  Yet  the  comparison  may  at 
least  enable  us  to  conceive  how  cell-growth  may  tend  to  limit  and  to 
check  itself,  vs^ithout  the  interposition  of  extrinsic  resistances.  In  the 
connective  tissues  the  formation  of  the  intercellular  substance  is  the  lim- 
iting factor,  in  the  epithelia  it  is  the  cohesion  or  cementation  of  the  in- 
dividual cells  into  a  firm  and  single  whole  ;  just  as  in  yeast-fermentation 
it  is  the  formation  of  alcohol.  When  the  alcohol  is  withdrawn  in  the 
latter  case  the  multiplication  of  the  yeast-fungus  goes  on  again.  So, 
likewise,  if  the  intercellular  substance  be  dissolved  away  from  a  connect- 
ive tissue,  or  if  the  continuity  of  the  epithelial  mosaic  be  loosened  or  inter- 
rupted, the  faculty  of  multiplication  is  again  awakened  in  the  constituent 
cells  ;  or  if  (as  in  the  epithelia)  it  'has  never  been  dormant,  it  is  at  once 
intensified. 

[In  the  human  organism  temperature  is  not  a  factor  of  such  impor- 
tance as  it  is  in  regard  to  unicellular  organisms.  In  the  former  the  tem- 
perature is  approximately  uniform  ;  change  of  temperature  cannot  there- 
fore play  any  great  part  in  promoting  cell-growth.  Even  changes  in  the 
quality  of  the  cell-nutriment  can  have  but  a  small  part  of  the  significance 
here  that  it  has  in  the  case  of  fungi  living  in  a  nutrient  solution  ;  such 
grave  changes  as  may  be  artificially  produced  in  the  character  of  the  so- 
lution do  not  occur  in  the  bodj^  Quantitative  variations  are  thus  of  the 
greater  importance.] 

82.  It  often  happens  in  an  organ  which  is  the  seat  of  hyperplastic 
proliferation  that  the  different  elements  do  not  tsike  an  equal  share  in 
the  process.  Thus  an  enlarged  gland  may  in  one  case  owe  its  increase  in 
size  entirely  to  additions  of  gland-substance,  in  another  to  increase  in 
the  fibrous  constituents.  We  may  have  a  glandular  hyperplasia,  or  a 
fibrous  hyperplasia.  This  may  happen  in  any  organ  which  is  composed 
of  more  than  one  kind  of  tissue.  The  inequality  in  the  relation  of  the 
two  tissues  may  be  so  extreme,  that  while  one  is  highly  hyperplastic  the 
other  may  not  merely  fail  to  increase,  but  may  even  undergo  atrophy.  In 
the  latter  case  it  is  generally  the  specific  elements  (ganglion-cells,  nerves, 
gland-cells,  muscles,  etc.)  which  atrophy,  while  the  fibrous  elements  in- 
crease and  multiply.  A  very  frequent  cause  of  such  unsymmetrical 
hyperplasia  of  the  fibrous  tissue  is  inflammation  (which  see).  Inflamma- 
tion plays  a  chief  part  in  pathology  ;  only  too  frequently  its  disastrous 
result  is  fibrous  hyperplasia  of  the  affected  organs,  involving  atrophy 
of  their  essential  elements. 

What  is  true  of  hyperplasia  holds  also  for  regeneration.     When  part 
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of  a  tissue  has  been  destroyed,  the  regeneration  which  ensues  is  by  no 
means  always  complete  and  perfect.  In  the  human  organism  at  least, 
the  power  of  restoring  or  regenerating  a  lost  part  is  very  limited.  Parts 
of  any  appreciable  size  when  once  lost  are  never  replaced.  This  is  true, 
for  example,  of  a  limb,  a  finger,  a  piece  of  liver,  or  of  brain-substance. 
All  highly  specialized  structures,  and  their  specific  elements,  show  but 
slight  traces  of  regenerative  power.  Thus  in  adults  it  is  highly  probable 
that  ganglion-cells  are  never  reproduced,  if  once  destroyed.  Glandular 
epithelium  is  only  restored  when  the  loss  is  very  trifling,  and  when  some 
of  the  essential  cells  still  remain  intact  within  the  gland-unit  (acinus  or 
tubule).  When  a  gland  is  wounded  and  its  texture  broken  into  ever  so 
little,  the  Avound  in  healing  fills  up  not  with  gland-substance,  but  with 
fibrous  tissue.  Pathological  vicarious  tissue  of  this  kind  is  described  as 
cicatricial  or  scar  tissue.  It  is  the  result  of  an  inflammatory  process 
(Art.  108),  or  of  multiplication  among  the  connective-tissue  cells. 

"With  nerves  and  muscles  the  case  is  much  the  same.  Deficiencies  of 
any  size  are  filled  up  Avith  scar-tissue. 

The  connective  and  epithelial  tissues  are  more  favorably  circum- 
stanced. The  latter  especially  have  the  power  of  reproducing  wide  areas 
of  lost  surface.  Among  the  fibrous  tissues,  the  periosteum  is  remarkable 
for  its  regenerative  power;  while  cartilage  is  replaced  very  imperfectly, 
if  at  all. 

83.  When,  by  a  process  of  proliferation,  a  new  tissue  is  produced 
whose  elements  are  normal  in  type,  though  the  type  is  not  that  of  the 
matrix-tissue,  we  speak  of  the  formation  as  a  heteroplasia.  In  one 
sense  a  cicatrix  in  an  organ  like  the  liver  is  a  heteroplasia,  inasmuch  as 
fibrous  tissue  replaces  the  proper  liver-tissue.  And  even  when  the 
fibrous  tissue  of  the  cicatrix  is  compared  with  that  of  the  liver,  we  must 
still  regard  the  cicatrix  as  heteroplastic  ;  the  characters  of  the  two  tis- 
sues are  markedly  different.  This  is  true  of  fibrous  hyperplasias  in  gen- 
eral, and  in  particular  of  those  consequent  on  inflammation.  Owing  to 
the  generic  resemblance  of  the  normal  and  pathological  tissues,  however, 
it  is  not  usual  to  reckon  these  among  the  heteroplasias. 

The  special  field  of  heteroplastic  formations  lies  among  the  tumors  or 
morbid  growths.  A  tumor,  in  the  limited  sense  of  the  term,  is  a  forma- 
tion of  new  tissue.  It  may  resemble  more  or  less  the  matrix-tissue  from 
which  it  grows,  but  it  always  possesses  certain  characteristics  which  dis- 
tinguish it  from  the  surrounding  structures,  and  which  justify  us  in 
speaking  of  it  as  heteroplastic. 


CHAPTER  XIX. 
HYPEEPLASIA  AND  EEGENEEATION  IN  PAETICULAE  TISSUES. 

84.  The  morphological  changes  which  take  place  in  the  hyperplasia 
and  regeneration  of  the  epithelia  are  comparatively  simple. 

Epithelium  can  arise  only  from  epithelium  ;  the  several  varieties 
even  do  not  usually  pass  into  each  other.  Eberth's  researches  ("  Virch. 
Arch.,"  vol.  Ixvii.)  have  shown  that  the  nuclear  transformations  in  epi- 
thelial cells  during  their  reproduction  are  quite  analogous  to  those 
figured  in  Flemming's  scheme.  The  disappearance  of  the  nucleoli  and 
nuclear  membrane,  the  formation  of  filaments,  of  two  semi-spindle  forms 
(or,  as  Eberth  calls  them,  "  creel-forms "),  of  star-forms,  etc.,  are  all 
observed  in  the  epithelial  cell,  within  a  clear  areola  of  cell-protoplasm. 
The  star-forms  likewise,  as  they  move  asunder  poleward,  become  trans- 
formed into  nuclear  networks  in  the  midst  of  the  clear  intermediate  sub- 
stance of  the  daughter-nuclei.  Arnold  describes  ("  Virch.  Arch.,"  vol. 
Ixxviii.)  nuclear  figures  observed  in  tumor-cells,  which  in  details  seem 
rather  to  correspond  with  Strasburger's  version  of  the  phenomena.  The 
subdivision  of  the  cell-protoplasm  occurs  either  during  the  later  stages  of 
nucleus-division,  or  after  it  is  complete.  In  other  cases  processes  are  first 
thrown  out  by  the  subdividing  epithelial  cell,  and  into  these  daiighter- 
nuclei  then  migrate.  The  budded  processes  become  independent  cells 
by  separation  from  the  mother-cell. 

Small  losses  of  lining  epithelium  are  in  general  replaced  quickly  by 
means  of  regenerative  multiplication.  Glandular  epithelium,  like  that  of 
the  kidney,  may  also  be  quickly  reproduced  when  lost,  provided  only  the 
structure  of  the  basis-tissue  (from  which  the  cells  derive  their  suste- 
nance) is  not  altered  or  destroyed.  Hyperplastic  multiplication  of  epi- 
thelial cells  is  very  common,  especially  in  tumors. 

Epithelial  cells  have  also  the  power  of  remaining  alive  for  a  time 
when  separated  from  their  proper  matrix.  They  may  in  this  way  be 
transferred  from  one  basis-tissue  to  another.  Thus  epithelial  cells  from 
the  skin  of  one  person  may  be  transplanted  to  the  surface  of  a  granulat- 
ing wound  in  another,  and  there  grow  and  multiply  (Reverdin's  skin- 
grafting).  This  is  a  simple  and  convincing  proof  of  the  independence  or 
autonomy  of  the  cell,  and  of  the  importance  of  its  inherent  powers  in 
reference  to  its  nutritive  and  formative  activity. 
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[The  regeneration  of  epithelium  has  of  late  years  been  made  the  sub- 
ject of  numerous  researches.  Most  observers  agree  that  epithelium  can 
arise  only  from  epithelium  ;  only  a  small  number,  like  Burkhard  ("  Virch. 
Arch,,"  vol.  xvii.),  Cornil  and  Ranvier  ("  Man.  Path.  Hist.,"  vol.  i.),  and 
Rindfleish  ("  Gewebelehre,"  fourth  edition,  p.  128  ;  "  Pathological  His- 
tology," vol.  i.,  p.  106)  assert  that  epithelium  may  be  formed  from  con- 
nective-tissue cells.  No  ponvincing  proof  of  the  assertion  is  alleged  ; 
while  the  fact  that  cutaneous  v?ounds  begin  to  skin  over  only  at  spots 
where  epidermal  cells  still  remain  tells  strongly  against  it. 

Arnold  ("Virch.  Arch.,"  vol.  xlvi.)  believes  that  in  epithelial  regen- 
eration a  plasma  is  effused  into  which  nuclei  subsequently  migrate. 
Klebs  ("  Arch.  f.  exper.  Path.,"  iii.),  von  Wyss  ("  Virch.  Arch.,"  vol.  Ixix.), 
Cohnheim  ("  Virch.  Arch.,"  vol.  Ixi.),  and  Eberth  {loc.  cit.)  have  failed  to 
confirm  this,  but  found  on  the  other  hand  that  regeneration  was  effected 
by  subdivision  of  the  old  epithelial  cells.  Klebs  observed  in  the  young 
cells  phenomena  suggesting  contractility  and  the  power  of  locomotion  ; 
Waldeyer  has  made  a  like  observation  in  the  case  of  epithelial  tumor- 
cells.  The  first  communication  on  epithelial  transplantation  and  skin- 
grafting  was  made  by  Reverdin  (Soc.  de  chirurgie,  December  13,  1869  ; 
Brit.  Med.  Journ.,  2,  1870  ;  "Arch.  gen.  de  med.,"  1872.  His  method 
has  since  been  extensively  employed  with  a  view  to  the  speedier  skinning 
over  of  wounded  surfaces  ("  Int.  Ency.  of  Surgery,"  vol.  i.).  Schweninger 
has  shown  ("Ueber  Transplant,  von  Haaren,"  Munich,  1875)  that  the 
mere  laying  on  of  hairs,  which  have  been  plucked  out  with  the  outer  root- 
sheath  adhering,  suffices  to  set  up  epithelial  proliferation  on  granulating 
surfaces. 

Griffine  ("Virch.  Jahresber.,"  1876)  has  shown  that,  when  ciliated 
cylindrical  epithelium  is  lost,  it  is  first  replaced  by  ciliated  squamous  epi- 
thelium ;  this  is  then  gradually  transformed  into  the  cylindrical  variet3^] 

85.  New  fibrous  tissue  is  invariably  developed  from  cells,  and  the 
process  is  the  same  as  that  by  which  normal  fibrous  tissue  is  formed. 
The  formative  cells  have  been  named  fibroblasts.  They  are  derived  by 
proliferation  either  from  the  stationary  cells  of  the  connective  tissue,  or 
from  migratory  leucocytes,  i.e.,  white  blood-cells  wiiich  have  escaped 
from  the  vessels.  The  development  of  the  latter  will  be  treated  when  we 
discuss  inflammatory  new-formations. 

Fibroblasts  are  cells  with  large  vesicular  nuclei  and  nucleoli,  and  are 
capable  of  active  subdivision  and  multiplication.  By  proper  handling  it 
is  possible  to  make  out  the  nuclear  figures,  but  the  subject  has  not  been 
sufficiently  investigated  to  afford  means  for  a  detailed  description  of  the 
process  of  subdivision.  The  cell-protoplasm  is  pale  and  highly  granular  ; 
the  size  of  the  cell  varies,  on  the  average  it  is  about  that  of  an  ordinary 
squamous  epithelial  cell.  They  are  often  described  as  epithelioid  cells. 
Not  infrequently  multinuclear  cells  are  met  with,  the  so-called  giant-cells. 
The  form  of  the  fibroblasts  is  extremely  variable.     In  the  earlier  stages 
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they  are  rounded,  later  on  they  become  club-shaped,  spindle-shaped,  star- 
shaped  ;  in  short  they  assume  every  possible  shape  and  form. 

When  they  have  accumulated  in  any  spot  and  begin  to  address  them- 
selves to  the  formation  of  tissue,  they  become  connected  with  each  other 
by  means  of  their  processes  and  projections  ;  or  they  arrange  themselves 
in  a  compact  mass  of  densely  packed  multiform  cells. 

The  intercellular  substance  which  gives  the  fibrous  tissues  their  char- 
acteristic texture  is  derived  from  the  cell-protoplasm.  The  ends  and  lat- 
eral borders  of  the  cells  become  fibrillated  ;  or  the  boundaries  between 
the  cells  disappearing,  a  homogeneous  mass  of  protoplasm  is  formed,  and 
in  this  fibrils  are  afterward  developed.  A  great-  many  of  the  formative 
cells  are  used  up  in  this  way  ;  some,  however,  retain  their  nucleus  and  a 
part  of  their  protoplasm,  and  form  ti  ^xed  connective-tissue  corpuscles 
of  the  new  tissue.      (Cf.  Art.  108.)     • 

According  to  the  greater  or  less  compactness  with  which  the  forma- 
tive cells  are  deposited  and  grouped,  the  new  tissue  is  firm  and  dense,  or 
loose  and  reticular.  Fibrous  tissue,  rather  than  areolar,  is  that  most 
commonly  developed,  especially  as  a  consequence  of  inflammation.  It 
may  become  hyperplastic,  either  by  itself,  or  accompanied  by  hyperplasia 
of  contiguous  tissues  such  as  the  epithelia.  In  respect  of  the  diffusion 
or  extension  of  the  hyperplastic  process,  it  is  of  some  importance  to  dis- 
tinguish between  diffuse  or  indefinite  hyperplasia,  and  that  which  is 
limited  to  definite  areas  ;  the  latter  leads  to  tissue-formations  which  re- 
semble tumors.      (See  under  Tumors,  Sect.  VII.) 

Adipose  tissue  is  formed  from  normal  or  pathologically  developed 
connective  tissue,  or  from  mucous  tissue,  by  the  deposition  of  fat  in  the 
interior  of  the  cells. 

Mucous  tissue,  characterized  by  the  mucous  consistence  of  its 
ground-substance,  is  generally  derived  from  an  existing  tissue  by  meta- 
plasia (Art.  90)  ;  it  may  also  be  formed  from  new  proliferating  cells. 

Neuroglia  is  developed  by  the  multiplication  of  the  neuroglia-cells, 

[The  structure  and  development  of  the  connective  tissues,  both  nor- 
mal and  pathological,  have  been  the  subject  of  many  researches.  The 
origin  of  the  ground-substance  has  given  rise  to  controversy.  Some  con- 
sider it  to  arise  outside  the  cells,  others  from  within  them.  A  third 
theory  again,  while  admitting  its  external  origin,  supposes  that  the  fibrils 
are  produced  in  it  by  the  formative  power  of  the  cell  as  if  they  were  a 
kind  of  plastic  secretion.  The  view  of  the  text  only  applies  to  the  for- 
mation of  fibrous  tissue  from  new-formed  embryonic  or  indifferent  tissue. 
It  does  not  apply,  for  example,  to  the  formation  of  fibrous  tissue  by 
metamorphosis  of  the  basis-substance  of  a  different  tissue,  such  as  bone 
(see  under  Metaplasia,  Arts.  90-92).  For  further  details  the  reader  is  re- 
ferred to  the  following  :  Virchow  ("  Virch.  Arch.,"  vol.  xiii.),  Neumann 
("Arch.fiir  Heilk.,"  1869),  Aufrecht  ("Wiener  med.  Wochenschr.," 
1868),   Rindfleisch   ("  Pathological  Histology,"  vol.  i.,  p.   92),    Ziegler 
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("Untersuch.    iiber  path.  Bindcgewebs-und  Gefiissiieubildung "),    Perls 
(" Handbuch  d .  allg-.  Path .,"  i .),  Tillmanns  ("  Virch .  Arch .,"  vol .  Ixxviii .).] 

8G.  The  formation  of  ne"W  blood-vessels  plays  a  chief  part  in  hyper- 
plasias of  every  kind.  Wherever  fibrous  tissue,  bone-tissue,  gland-tissue, 
or  any  other  is  produced  in  quantity,  new  blood-vessels  must  of  necessity  be 
developed.  In  no  other  way  is  it  })ossible  to  keep  the  new-formed  tissue 
adequately  supplied  with  nutriment.      For  this  reason  new  blood-vessels 


Pio.  90. — Development  of  Blood-vessels  by  Sprouts  and  Off  shoots.  (From  preparations  of  inflammatory 
gi-anulation-cissue.)  «,  ft,  c,  rf,  various  forms  of  vascular  o£E-shoots ;  some  solid  (i,  c).  others  in  process  of 
excavation  (a.  b,  d) ;  some  single  (a,  rf),  others  branched  (6,  c) ;  some  with  nuclei  (6,  c),  others  without  (a, 
cl).     Formative  cells  from  without  have  attached  themselves  to  the  ofC-shoot  d. 

begin  to  be  formed  at  a  very  early  stage  in  all  new  growths,  and  they 
must  be  regarded  as  the  chief  factors  in  the  formative  process. 

New  blood-vessels  are  developed  out  of  off-shoots  which  start  from 
the  walls  of  existing  blood-vessels. 

The  first  change  observed  is  the  formation  of  a  conical  sprout  or  pro- 
jection on  the  outer  surface  of  some  capillary  vessel.  From  the  top  of 
this  runs  off  a  fine  filament  of  protoplasm,  which  graduall}''  lengthens. 
The  granular  mass  forming  the  projection  increases  in  size,  growing  out 
into  an  irregular  process  or  off-shoot.  This  is  at  first  solid;  but  nuclei 
soon  begin  to  appear  among  its  granules.  The  off-shoot  ma}'^  become 
attached  to  another  vessel ;  it  may  unite  with  a  second  off -shoot ;  or  it 
may  return  back  into  the  vessel  from  which  it  starts,  forming  an  arch  of 
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protoplasm  (Fig.  20,  c).  From  the  solid  off-shoot  other  secondary  off' 
shoots  may  start  (Fig.  20,  b,  c).  Sometimes  their  extremities  become 
club-shaped  (c).  The  originally  solid  off-shoot  becomes  by  and  by  exca- 
vated, by  liquefaction  of  its  central  parts.  The  excavation  quickly  be- 
comes continuous  with  the  lumen  of  the  vessel  (a),  or  the  wall  of  the  lat- 
ter bulges  into  the  excavation.  In  either  case  the  blood  from  the  parent 
vessel  penetrates  the  new  one,  and  distends  it.  The  excavation  proceeds 
and  extends  onward  to  the  point  of  junction  of  the  new  vessel  with  an- 
other, so  that  at  length  a  new  pervious  capillary  loop  is  formed. 

The  off-shoot,  as  it  starts  from  the  wall  of  the  parent  vessel,  is  in  effect 
a  sprouted  bud  from  an  endothelial  cell  ;  when  it  subsequently  receives  a 
nucleus  it  becomes  an  independent  cell.  The  new  blood-vessels  are  there- 
fore intracellular  channels,  produced  by  the  excavation  of  elongated  or 
filamentous  cells. 

For  a  short  time  after  the  opening  up  of  the  new  capillary  channel 
the  vessel-wall  remains  homogeneous  in  structure.  Soon  the  protoplasm 
begins  to  gather  round  the  nuclei  of  the  wall,  which  in  the  meantime 
have  been  multiplying  by  subdivision.  Cells  become  in  this  way  distin- 
guishable, and  presently  the  capillary-wall  appears  in  its  perfected  form  as 
a  mosaic  of  flat  endothelial  cells.  (As  Arnold  and  others  showed,  the 
boundaries  between  the  cells  may  be  rendered  apparent  by  injecting  the 
vessels  with  solution  of  nitrate  of  silver.)  By  this  time  the  wall  has  gen- 
erally reached  a  considerable  thickness.  This  is  in  part  owing  to  the 
fact  that  ordinary  formative  cells  attach  themselves  in  numbers  to  the 
vessel- wall;  they  then  dispose  themselves  along  its  length,  and  thus  tend 
to  give  it  needed  strength  (Fig.  20,  d). 

So  far  as  we  have  been  able  to  make  out,  the  process  of  forming  new 
blood-vessels  nearly  always  passes  through  the  stages  described.  It  is 
only  at  times  that  another  stage  is  interpolated  in  which  spindle-shaped, 
club-shaped,  or  branching  formative  cells  become  connected  with  the  off- 
shoots from  the  capillary  walls,  and  develop  into  new  vessels  by  central 
excavation  in  the  same  way  as  the  off-shoots  themselves  develop. 

[The  subject  of  the  formation  of  new  vessels  has  a  special  interest  in 
reference  to  the  theory  of  cell-multiplication.  We  have  in  this  case  to 
do  not  with  symmetrical  subdivision,  but  with  gemmation;  and  moreover 
the  initial  movement  is  set  up,  not  as  usual  in  the  nucleus,  but  in  the  cell- 
protoplasm.  The  protoplasm  of  the  endothelial  wall-cells  throws  out  a 
non-nucleated  process  ;  the  subdivision  and  migration  of  the  nucleus  is 
subsequent  to  the  movement  in  the  protoplasm. 

The  author  has  verified  the  above  account  in  the  course  of  his  re- 
searches on  granulation-tissue  and  on  tumors  (Ziegler,  "  Ueber  path.  Bin- 
degewebs-  und  Gefassneubildung,"  Wiirzburg,  1876),  Strieker  ("  Wie- 
ner Sitzungsberichte,"  1865-1866),  Golubew  ("Arch.  f.  mikro.  Anat.," 
1869),  and  Arnold  ("  Virch.  Arch.,"  vols,  liii.,  liv.),  have  described  the 
above  mode  of  development  of  new  vessels  as  observed  in  tadpoles'  tails, 
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Travers  in  the  foot- web  of  the  frog  ("  On  Inflammation,"  etc.).  It  is  the 
only  mode  which  certainly  occurs  in  pathological  formations.  For  this 
reason  we  have  not  given  the  customary  enumeration  of  the  primary, 
secondary,  and  tertiary  modes  formulated  by  Billroth  ("  Untersuch.  li.  d. 
Entwig.  d.  Blutgef.,"  Berlin,  1856)  and  Rindfleisch  ("  Pathological  His- 
tology," vol.  i.,  p.  89).  In  the  primary  mode  the  embryonic  cells  become 
directly  transformed  into  red  blood-cells  on  one  hand,  and  into  the  parie- 
tal cells  of  a  vessel  on  the  other.  The  embryonic  cells  in  fact  arrange 
themselves  into  cords  ;  the  axial  ones  become  blood-cells,  the  peripheral 
ones  cohere  as  elements  of  the  containing  vessel-wall.  This  process 
takes  place  in  the  mesoblast  of  the  embryo,  but  not  in  pathological  for- 
mations (Klein,  "  Wiener  Sitzungsberichte,"  1871  ;  Quart.  Jour,  of  Mic. 
Set.,  1872  ;  Balfour,.*-  Comp.  Embryology,"  vol.  ii.). 

In  the  secondary  mode  (Billroth,  O.  Weber,  Rindfleisch)  spindle-shaped 
cells  cohere  to  form  cylinders  in  such  wise  as  to  enclose  a  continuous 
canal.  This  notion  seems  to  rest  on  a  mistake,  occasioned  by  the  fact 
that  in  granulation-tissue,  for  example,  the  vascular  off-shoots  are  very 
quickly  surrounded  and  wrapped  about  with  spindle-shaped  formative 
cells  ;  and  this  gives  the  offshoots  the  appearance  of  strings  of  cells. 

The  so-called  tertiary  mode  is  that  given  in  the  text.  Compare  the 
description  by  Paget  ("  Surgical  Path.,"  Lect.  10).] 

87.  Proliferation  in  cartilage  may  be  either  a  regenerative  or  a 
hyperplastic  process.  The  reproduction  of  cartilage-cells  at  the  margin 
of  a  breach  is  effected  by  the  cells  first  enlarging,  and  then  undergoing 
subdivision  of  nucleus  and  protoplasm.  Nuclear  figures  are  observed. 
In  this  process  many  of  the  cells  attain  to  great  dimensions  and  may 
contain  as  many  as  twelve  nuclei  apiece  (Ewetzky).  The  cells  are 
rounded  or  branched,  stellate  or  spinous.  The  capsular  membranes 
disappear  as  the  cells  enlarge  and  multiply.  Later  on  the  cells  or  cell- 
groups  become  surrounded  by  the  characteristic  hyaline  matrix-substance. 

In  hyperplastic  proliferation  the  process  is  similar.  The  cells  multiply 
and  stretch  the  capsules,  or  cause  them  to  give  way  and  disappear  ;  in 
like  manner  the  intercellular  matrix  is  distended  or  destroyed.  Subse- 
quently the  new-formed  cells  generate  for  themselves  fresh  capsules  and 
inatrix-substance. 

When  a  breach  in  cartilage  is  not  repaired  by  multiplication  of  the 
cartilage-cells,  fibrous  tissue,  developed  from  fibroblasts,  usually  fills  up 
the  gap.     In  other  cases  bony  tissue  is  developed  as  well. 

Cartilage  may  arise  not  only  from  cartilage,  but  from  other  allied 
tissues,  such  as  growing  periosteum  in  particular,  perichondrium,  marrow, 
bone,  fibrous  tissue,  and  epithelium.  The  metamorphosis  is  sometimes 
effected  directly,  as  from  perichondrium  or  marrow,  sometimes  through 
the  intermediate  stage  of  granulation.  In  the  latter  case  an  indifferent  • 
tissue  is  first  formed,  which  is  rich  in  single  cells  ;  these  then  become 
transformed  into  hyaline  matrix-substance  and  cartilage-cells.      Cartila- 
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ginous  new  growths  are  most  commonly  found  in   connection  with   the 
skeletal  structures  ;   in  other  regions  they  are  rare. 

[Memoirs  on  the  formation  and  proliferation  of  cartilage  have  been 
published  by  Virchow  ("  Onkologie,"  i.),  Goodsir  ("  Anat.  and  Path.  Obs.,'* 
1845),  Redfern  {Month.  Journ.  of  Med.  Science,  1851),  Ewetzky  ("  Ent- 
zundungs-versuche  am  Knorpel,"  Eberth's  "  Arbeiten,"  iii.),  Wartmann 
("  Recherches  sur  I'enchondrome,"  Geneva,  1880),  Kassowitz  ("  Die 
normale  Ossification,"  Vienna,  1881).  Further  details  will  be  given  in 
the  section  on  the  Special  Pathological  Anatomy  of  the  Bones.] 

88.  The  bones  have  a  very  marked  power  of  regeneration  and  of 
hyperplastic  proliferation.  The  seat  of  this  power  is  not  so  much  in  the 
osseous  tissue  itself  as  in  those  tissues  which  normally  possess  the  power 
of  bone-production  ;  these  are  the  periosteum  in  particular,  and  in  a  less 
degree  the  marrow.  In  very  many  cases  the  periosteum  alone  performs 
the  office  of  replacing  a  loss  of  bony  substance.  Many  osseous  hyper- 
plasias are  essentially  the  work  of  the  periosteum.  Cartilage  has  also 
some  power  of  reproducing  bone. 

Fibrous  tissues  unconnected  with  the  skeleton  very  rarely  give  rise  to 
bony  tissue.  Such  abnormal  bone-formation  is, 'however,  not  unknown  in 
certain  cartilaginous  and  fibrous  structures,  such  as  the  dura  mater,  the 
laryngeal  cartilages,  the  intermuscular  septa,  and  inflammatory  fibrous 
tissues. 

The  formation  of  new  bone  may  occur  in  various  ways,  but  it  follows 
in  general  the  lines  of  the  normal  process  of  ossification.  The  simplest 
mode  is  perhaps  that  in  which  the  periosteum  (or  medullary  tissue)  gives 
rise  to  osteoblasts  {i.e.,  large  multinuclear  formative  cells  resembling 
fibroblasts).  These  come  into  contact  and  cohere,  and  then  imbibing 
calcareous  salts  are  transformed  partly  into  homogeneous  matrix-tissue, 
partly  into  bone-corpuscles.  In  other  cases  the  formation  of  bone  is  pre- 
ceded or  accompanied  by  the  formation  of  granulation-tissue.  Owing  to 
this  the  exact  mode  in  which  the  bone-substance  is  generated  may  be 
somewhat  masked  ;  but  close  investigation  shows  that  here  also  os- 
teoblasts are  produced  in  the  first  instance,  and  that  these  are  afterward 
transformed  into  bone.  The  proliferating  periosteum  very  often  produces 
cartilage  to  begin  with.  Part  of  this  cartilage  may  then  pass  directly 
into  bone  by  a  peculiar  transformation.  Or  the  cartilage  may  be  replaced 
by  a  medullary  tissue  abounding  in  cells  ;  and  from  this,  by  the  agency 
of  osteoblasts,  the  bone-substance  may  ultimately  be  produced. 

Normal  cartilage  behaves  in  the  same  way  as  that  produced  by  pro- 
liferation of  the  periosteum.  Like  the  latter  it  may  be  transformed  into 
medullary  tissue  and  bone-trabeculse.  We  have  thus,  in  addition  to  the 
osteoblastic  mode  of  bone-formation,  a  second  or  metaplastic  mode,  by 
which  an  already  existing  tissue  is  transformed  into  bone.  As  we  have 
said,  this   occurs  most  frequently  in   cartilage  ;   but   other  fibrous  and 


FORMATIVE    DISTURBANCES    OF    NUTRITION.  129 

sarcomatous  tissues,  by  taking  up  calcareous  salts,  may  in  like  manner 
be  changed  into  bone.  Their  basis-substance  is  transformed  into  bony 
matrix-tissue,  and  their  cells  into  bone-corpuscles  (Arts.  90-92). 

[Further  discussion  of  the  subject  of  pathological  bone-formation  will 
be  found  in  the  Special  Pathological  Anatomy.  The  recent  memoirs  of 
the  following  authors  will  serve  to  illustrate  the  main  questions  :  Kolliker 
("  Die  normale  Resorption  des  Knochengewebes,"  Leipzig,  1873), 
Steudener  ("  Beitrage  zur  Lehre  von  der  Knochenentwickelung,"  Halle, 
1875),  StrelzofE  ("  Die  Histogenese  der  Knochen,"  Zurich,  1873),  Maas 
("  Ueber  Wachsthum  und  Regeneration  der  Rohrenknochen  :  "  "  Langen- 
beck's  Arch.,"  xx.),  Ziegler  ("Virch.  Arch.,"  vol.  Ixxiii.),  Wolff 
("Unters.  lib.  d.  Entwick.  d.  Knoch.,"  Leipzig,  1875),  Busch  ("Deut. 
Zeitschr.  f.  Chir.,"  vol.  viii.),  Kassowitz  ("Die  Ossification,"  Vienna,  1881), 
Macewen  ("  Proc.  Roy,  Soc,"  vol.  xxxii.).] 

89.  In  muscular  fibre,  striated  and  non-striated,  regeneration  and 
hyperplasia  start  primarily  from  the  existing  muscle-cells.  Non-striated 
muscular  fibres  may  possibly  be  developed  from  connective-tissue  cells 
also.  New  muscular  cells  are  produced  by  ordinary  nucleus-  and  cell- 
division.  In  striated  muscle,  the  so-called  muscle-corpuscles  grow  into 
large  cells,  losing,  meanwhile,  their  contractile  substance,  and  multiply- 
ing their  nuclei.  They  become  elongated  and  spindle-shaped,  and  then 
become  converted  into  striated  fibres.  It  is  highly  probable  that  no 
other  cells  have  the  power  of  generating  striated  muscle- cells,  but  on^this 
point  opinions  differ.  Wounds  in  muscle  are  filled  up  by  cicatricial  tis- 
sue, when  the  superficial  muscle-corpuscles  have  been  destroyed. 

Nerves  and  nerve-cells  have  but  slight  power  of  reproduction.  It 
is  very  questionable  whether  ganglion-cells  can  be  regenerated  at  all  in 
adult  individuals.     We  have  no  knowledge  of  ganglionic  hyperplasia. 

In  the  case  of  nerves  themselves,  both  regeneration  and  abnormal 
multiplication  occur,  though  only  to  a  slight  extent.  In  nerve-regenera- 
tion the  axis-cylinder  and  sheath  of  Schwann  are  the  first  to  be  formed, 
and  then  the  medullary  sheath.  New  nerves  are  developed  only  from 
existing  nerves  ;  at  any  rate  very  serious  doubts  attach  to  the  statements 
which  have  been  made  in  the  opposite  sense.  Opinions  differ  as  to  the 
part  played  by  the  cells  of  the  neurilemma  and  by  the  existing  axis- 
cylinder. 

[The  statement  that  non-striated  muscular  fibres  may  be  developed 
from  connective-tissue  cells  has  been  made  by  more  than  one  observer 
(J.  Arnold,  "Virch.  Arch.,"  vol.  xxxix.;  E.  Neumann,  "Arch.  d.  Heil- 
kunde,"  x.).  It  appears  certain  that  cells  having  at  least  the  structure 
and  appearance  of  non-striated  muscle-cells  are  so  developed  ;  but  no 
proof  has  been  given  that  they  have  corresponding  physiological  proper- 
ties. 
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With  regard  to  striated  muscle  and  its  regeneration,  Kraske,  the 
latest  writer  on  the  subject,  asserts  positively  that  new  muscle  is  pro- 
duced only  from  existing  muscle-elements.  Ziegler's  observations  are  in 
accordance  with  this.  An  embryological  argument  may  be  brought 
against  the  possibility  of  deriving  voluntary  muscle  from  connective-tis- 
sue. According  to  the  Hertwigs  ("  Die  Coelomtheorie,"  Jena,  1881)  the 
striated  muscle-fibres  of  vertebrates  are  of  epithelial  origin  ;  they  arise 
from  the  epithelia  of  the  body-cavities.  They  are  thus  in  their  genesis 
and  descent  distinct  from  the  connective  tissues.  (Cf.  Balfour,  "  Comp. 
Embryology,"  vol.  ii.,  ch.  22.)  On  the  striated  muscle-cells  of  tumors  see 
Art.  153.  On  the  repair  of  nerves  see  Paget,  "Surg.  Path."  Lect.  11  j 
and  Ranvier,  "  Hist.  d.  S_yst.  nerv.,"  1878. 


CHAPTER  XX. 
METAPLASIA. 

90.  A  tissue  is  said  to  undergo  metaplasia  when  it  is  transformed 
into  another  of  a  diverse  kind  ;  and  that  without  passing  through  an  in- 
different blastema  stage,  with  the  characters  of  embryonic  or  formative 
tissue. 

In  the  foregoing  chapter  we  have  more  than  once  pointed  out  that, 
of  the  several  tissues  belonging  to  the  connective  group,  one  may  pass 
into  another  by  simple  modifications,  partly  affecting  the  cellular  ele- 
ments, partly  the  ground-substance.  Such  modifications  are  of  the  nature 
of  metaplasias.  They  are  confined  to  the  connective  tissues — fibroi;s 
tissue,  cartilage,  bone,  mucous  tissue,  and  adipose  tissue,  are  so  to  speak 
potentially  convertible.  No  such  relation  holds  between  fibrous  tissue 
and  epithelium  or  muscle. 

The  processes  involved  in  metaplasia  have  their  physiological  and 
embryological  prototypes.  Hyaline  cartilage,  for  example,  is  specially 
prone  to  transformation  ;  its  matrix-substance  often  undergoes  a  mucoid 
softening  on  the  one  hand,  or  a  change  to  fibrous  tissue  on  the  other. 
Hyaline  cartilage  is,  in  fact,  at  best  a  transitory  structure  in  man  ;  it  dis- 
appears in  ossification,  partly  by  retrogressive  changes,  partly  by  trans- 
formation into  other  tissues  such  as  medullary  tissue  and  true  bone. 
Simple  areolar  and  adipose  tissue  are  likewise  prone  to  change  ;  the  pa7i- 
niculus  adiposus  or  subcutaneous  fat  of  the  adult  is  in  the  foetus  a  mu- 
coid tissue. 

Pathological  metaplasias  are,  however,  still  more  common  than  such 
physiological  metamorphoses. 

[The  term  metaplasia  is  due  to  Virchow,  who  has  also  fully  investi- 
gated the  significance  of  the  processes  included  under  it  ("  Virch.  Arch.," 
vols,  viii.,  Ixxix.,  "  Gesammelte  Abhandlungen,"  1856,  pp.  500,  509; 
"Cellular  Pathology,"  and  fourth  German  edition,  p.  70).  The  subject 
seems  to  have  awakened  but  little  attention  ;  it  well  deserves  it,  however, 
for  metaplasia  plays  no  small  part  in  pathological  change.] 

91.  One  of  the  commonest  metaplasias  of  a  connective  tissue  is  that  by 
which  cartilage  is  transformed  into  mucoid  tissue  or  into  areolar  tissue. 
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The  first  step  in  the  process  is  the  liquefaction  or  dissolution  of  the 
matrix  into  a  mucous  or  limpid  mass  (Fig.  21).  The  capsules  also  dis- 
solve away  and  the  cartilage-cells  are  set  free  (c).  These  change  their 
form  (b),  becoming  spindle-shaped  or  branching;  and  they  then  cohere  into 
a  cellular  reticulum  such  as  is  met  with  in  mucous  tissue.  The  matrix- 
substance  does  not  always  become  true  mucus  ;  it  may  pass  into  a  liquid 
of  different  composition.  Such  changes  are  met  with  in  the  cartilages 
of  diseased  joints.  The  areolar  tissue  may  subsequently  become  filled 
with  marrow-cells  or  with  simple  fat  ;  in  the  last  case  the  tissue  is  trans- 
formed into  mere  adipose  tissue  (e.g.,  in  rheumatic  polyarthritis). 

Cartilage  also  changes  very  readily  into  osseous  tissue.  Part  of  it 
becomes  transformed  into  bony  trabecule©,  part  into  medullary  tissue. 
The  latter  is  effected  through  the  intermediate  stage  of  areolar  tissue  ; 


c- 


Pig.  21. — Metaplasia  of  Cartilage  into  Areolar  Tissue,  x  400.  (From  a  case  of  fungous  arthritis; 
haematoxylin  staining.)  a.  iiyaline  cartilage  ;  6,  tissue  made  up  of  branching  cells;  c,  cartilage-cells,  set 
free  by  dissolution  of  the  matrix,  becoming  converted  into  connective-tissue  corpuscles. 

the  former  by  the  deposition  of  calcareous  salts  in  the  matrix,  itself  sim- 
ultaneously undergoing  change  into  gelatin  ;  while  the  cartilage-cells 
pass  into  osteoblasts  and  bone-corpuscles.  It  often  happens  that  the 
cartilage-cells  proliferate  abundantly  during  this  process  ;  it  is  not  then 
strictly  speaking  a  pure  metaplasia. 

Fibrous  tissue,  like  cartilage,  may  also  be  transformed  into  mucoid 
tissue  and  bone.  The  changes  in  this  case  are  similar  to  those  described 
in  the  other.  The  fibres  and  fibrillse  disappear  as  the  tissue  becomes 
mucoid  tissue  ;  when  it  becomes  bone,  calcareous  salts  are  deposited  in 
the  ground-substance.     Here  too  cell-multiplication  is  not  uncommon. 

Conversely,  osseous  tissue  may  pass  into  fibrous  tissue  or  cartilage, 
especially  the  former,  as  happens  very  frequently  in  senile  bone-affec- 
tions. The  ground-substance  of  the  bone  becomes  decalcified  and  fibril- 
lated,  while  the  bone-corpuscles  become  connective-tissue  cells. 
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The  fibrous  structures  found  in  tumors  are,  like  the  normal  ones,  liable 
to  metamorphosis  into  others  of  the  same  class.  The  metaplastic  pro- 
cesses resemble  those  in  normal  tissues.  The  highly  cellular  sarcomatous 
tissue  is  very  prone  to  transformations  ;  and  these  are  generally  such  as 
to  show  that  it  is  allied  to  the  connective-tissue  group. 

92.  Metaplasia  is  to  be  distinguished  from  the  simple  degenerations 
as  well  as  from  the  proliferative  processes.  In  degeneration  no  new  tis- 
sue is  formed,  and  what  exists  perishes.  In  proliferation  new  tissue  is 
formed  from  a  cellular  matrix  or  blastema,  which  is  the  result  of  cell- 
multiplication.  Metaplasia  stands  in  a  measure  between  these.  New 
tissue  is  formed  ;  but  there  is  no  cell-multiplication,  or  if  there  is  it  is 
quite  subordinate. 

From  many  points  of  view  metaplasia  seems  related  to  the  retrogres- 
sive processes.  The  transformation  of  a  tissue  into  mucoid  tissue  is  near 
akin  to  mucoid  degeneration.  The  new  or  transformed  tissue  is  more- 
over not  infrequently  an  unstable  and  perishable  one.  On  the  other 
hand,  proliferation  is  no  uncommon  accompaniment  of  metaplasia,  which 
is  thus  brought  into  relation  with  the  progressive  or  formative  disturb- 
ances of  nutrition.  The  factor  of  greatest  importance,  as  regards  the 
further  development  of  the  transformed  tissue,  is  the  behavior  of  the 
blood-vessels.  If  good  vascularization  is  effected,  the  tissue  continues  to 
live  and  grow  ;  if  not,  then  retrogressive  changes  are  apt  to  set  in. 


SECTION  Y. 

INFLAMMATION    AND    INFLAMMATOKY 
GROWTHS. 


\  CHAPTER    XXL 

TKE  EAELY  STAGES  OF  INFLAMMATION— EXUDATION. 

93.  InrJammation  is  a  term  implying  a  whole  series  of  processes 
partly  vascvJar  and  partly  textural  ;  and  these  processes  admit  of  a  great 
variety  of  ccmbinations.  Inflammation  being  thus  a  complex  of  many 
elements,  we  are  unable  to  give  a  definition  of  it  that  shall  be  brief  and 
at  the  same  titie  exact.  We  might  say,  indeed,  that  one  or  other  element 
(such  as  that  relating  to  the  vessels)  is  characteristic  of  inflammation  ; 
but  the  whole  C)ntent  of  the  term  cannot  be  fully  indicated  without  de- 
scribing the  pro(esses  to  which  the  term  is  applied. 

From  the  tim»  of  Celsus,  i.e.,  from  the  first  century  a.d.,  four  car- 
dinal symptoms  cF  inflammation  have  been  recognized  :  namely  rubor, 
tumor,  dolor,  calot—or  redness,  swelling,  pain,  and  heat.  To  these  we 
may  generally  add',  fifth,  the  functio  Icesa,  i.e.,  impairment  or  arrest  of 
the  function  of  the  aflamed  part. 

These  cardinal  s-mptoms  are,  as  a  fact,  very  easily  and  very  fre- 
quently to  be  made  >ut  ;  especially  in  cases  where  the  inflammation  is 
sudden  and  intense,  n  other  cases,  and  especially  in  chronic  inflamma- 
tions, one  or  other  of  tie  symptoms  is  generally  absent,  or  beyond  the 
reach  of  observation,  '^^e  constitution  of  the  inflamed  tissue  may  also 
modify  the  symptoms  ;  is  texture  and  composition  maybe  such  that  the 
redness,  for  instance,  or  te  pain,  or  the  swelling,  may  be  absent. 

94.  Galen  rightly  attibuted  the  redness  to  an  increased  afflux  of 
blood,  and  the  swelling  to  a  increased  exudation  from  the  vessels.  The 
vascular  changes,  which  thu  take  the  form  of  hypersemia,  have  been  the 
subject  of  special  attention  Qring  the  last  twenty  or  thirty  years.  Many 
investigators  indeed  have  regrded  the  vascular  changes  as  constituting 
the  essential  feature  of  the  inq,rnmatory  process. 

Andral  defined  inflammatiq  simply  as  hyperaemia.  Henle,  Stilling, 
Vacca,  Lubbock,  and  others  r^erred  the  dilatation  of  the  vessels,  the 
accumulation  of  blood  in  then  and  the  resulting  exudation,  to  par- 
alysis of  the  vessel-walls  from  excitation  of  the  sensory  nerves  (the 
neuroparalytic  theory)  ;  Hoffman,  Eisenmann,  Jos.  Heine,  Budge, 
Bruecke,  Cullen,  and  others,  to  sps^modic  contraction  of  the  vessels  (the 
neurospastic  theory).  In  the  latter,ase,  the  contraction  of  the  arteries 
and  the  consequent  slowing  of  the  l.ood-current  were  supposed  to  lead 
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to  an  afflux  of  blood  through  the  neighboring  vessels,  but  in   an  inverse 
direction.     The  result  of  this  vascular  disturbance  was  engorgement  and  i 
exudation. 

In  opposition  to  these  neuropathic  theories,  some  authors,  like  Haller, 
Vogel,  Koch,  Eramert,  Simon,  Paget,  etc.,  explain  the  inflammatory  dis- 
turbance of  circulation  and  nutrition  by  supposing  that  the  normal  [ 
attraction  of  the  tissues  for  the  blood  is  somehow  intensified.  Virchow 
has  formulated  this  "theory  of  attraction"  with  the  greatest  precision. 
In  his  view,  the  tissue-cells  are  excited  by  the  "inflammatory  stimulus" 
to  increased  activity  ;  they  thereupon  attract  to  themselves  more  nutri- 
ment, and  so  are  impelled  to  grow  and  multiply.  The  hypejsemia  and 
vascular  dilatation  are  the  result  of  this  intenser  attraction.  The  essen- 
tial and  efficient  factor  in  inflammation  is  thus  the  application  jf  a  "  stim- 
ulus "  to  the  cells,  which  excites  them  to  increased  activity. 

Numerous  experimental  researches  during  the  last  tventy  years 
(amongst  which  those  by  Cohnheim  are  perhaps  the  most  f-indamentally 
important)  have  shown  that  neither  the  neuropathic  norche  attraction 
theory  can  be  maintained.  Mere  dilatation  or  mere  contraction  of  the 
vessels  does  not  bring  about  the  disturbances  of  the  circuWion  character- 
istic of  inflammation.  The  changes  observed  in  the  tssue-cells  at  the 
beginning  of  inflammation  do  not  bear  the  character  of  productive  or 
formative  disorders  of  nutrition.  There  is  no  evident  of  any  influence 
exerted  by  the  tissues  on  the  vessels  and  the  blood,  w^ich  is  at  all  of  the 
nature  of  attraction.  The  changes  in  the  tissue-cellsJ-re  partly  concom- 
itant with  those  in  the  circulation,  partly  antecedentto  them,  and  partly 
subsequent.  The  vascular  disturbance  is  not  dependent  on  any  peculiar 
influence  exerted  upon  the  vessels  ;  it  is  the  result  jf  injury  or  deteriora- 
tion (Samuel)  of  the  vessel-walls,  with  or  without  n  actual  lesion  of  the 
tissues.  To  simplify  the  explanation  of  the  entie  process  of  inflamma- 
tion, it  will  therefore  be  well  to  consider  separatJ^y  the  vascular  changes, 
and  the  textural  changes. 

[For  an  account  of  the  contributions  whic)  English  pathologists  (no- 
tably Hunter,  Goodsir,  Bowman,  Lister,  an'  Burdon  Sanderson)  have 
made  to  our  present  knowledge  of  Inflamma^on,  the  student  should  con- 
sult Paget  ("Surgical  Pathology,"  Lects.  13-18),  Simon  and  Burdon 
Sanderson  (Arts,  on  "  Inflammation,"  Holr^s's  "  Syst.  of  Surgery,"  vols. 
i.  and  v.),  and  Burdon  Sanderson  ("  Letures,"  Zancef,  1,  1876,  and 
"Lumleian  Lectures,"  Lancet,  1,  1882)  References  to  the  work  of 
others  will  be  found  below.] 

I 

95.  The  vascular  changes.  Co'nheim's  researches  were  the  first 
to  make  us  accurately  acquainted  wl^  the  vascular  disturbances  con- 
nected with  inflammation.  He  shoved  that  these  disturbances  may  be 
directly  studied  under  the  microsco'^-  The  object  is  usually  some  trans- 
parent vascular  membrane  belong!^  to  a  living  animal.     The  most  con- 
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venient  is  the  frog's  mesentery,  which  from  its  fineness  is  well  adapted 
for  microscopic  examination.  The  frog,  paralyzed  with  curare,  is  laid  on 
its  back  on  a  large  object-stage.  The  abdominal  cavity  is  opened  by 
means  of  a  c.ut  along  the  left  side,  and  a  loop  of  intestine  is  carefully 
drawn  out.  This  is  then  spread  over  a  thin  circular  cover-glass  (10-12 
mm.  in  diameter)  surrounded  by  a  thin  ring  of  cork  stuck  to  the  stage 
with  Canada  balsam.  The  intestine  is  readily  fixed  to  the  cork  ring  by 
means  of  fine  pins.  If  it  is  not  desired  to  make  a  protracted  examina- 
tion, it  is  enough  to  fasten  a  cork  ring  (4-6  mm.  thick)  to  a  large  object- 
stage  with  sealing-wax,  and  to  spread  out  the  intestine  ove,r  that.  The 
preparation  need  not  be  covered  with  a  cover-glass.  If  no  strain  is 
thrown  on  the  mesentery,  and  it  as  well  as  the  frog  is  kept  jDroperly 
moist,  the  vascular  changes  may  be  observed  for  hours  together. 

I  Further  details  of  the  method  are  given  by  Cohnheim  in  his  various 
memoirs  on  inflammation  and  embolism  ("  Virch.  Arch.,"  vol.  xl.  ; 
"Neue  Untersuch.  lib.  Entzund.,"  Berlin,  1873;  "  Untersuch.  tlb.  d. 
embol.  Processe,"  Berlin,  1872).  The  foot-web  and  tongue  of  the  frog 
are  also  very  convenient  objects.  The  latter  is  to  be  turned  out,  sjoread 
over  a  cork  ring,  and  fastened  down  with  fine  pins.  Inflammation  is 
then  produced  by  a  drop  of  acid,  or  by  clipping  out  a  fragment  with  the 
scissors. 

For  the  study  of  the  inflammatory  process  on  a  large  scale  the  rabbit's 
ear  is  well  adapted.  Inflammation  may  be  set  up  by  rubbing  it  with 
croton  oil  (Samuel,  "  Berl.  klin.  Woch.,"  24,  1866,  and  "  Der  Entziind- 
ungsprocess,"  Leipzig,  1873).  The  mesentery  or  omentum  of  a  warm- 
blooded animal  may  also  be  employed,  if  proper  precautions  are  taken  to 
maintain  the  body-heat,  etc.  See  Strieker  and  Sanderson,  "  Handbook 
for  Phys.  Lab.,"  1870;  Thoraa,  "Virch.  Arch.,"  vol.  Ixxiv.] 

96.  The  exposure  of  the  mesentery  to  atmpspheric  air  quickly  sets  up 
inflammation.  The  earliest  vascular  change  is  a  general  dilatation  of 
the  vessels,  first  of  the  arteries,  then  of  the  capillaries  and  veins.  The 
flovT  of  the  blood  through  the  widened  channels  at  first  becomes  more 
rapid  j  but  sooner  or  later  the  speed  diminishes,  and  at  length  the  flow 
becomes  slO"wer  than  the  normal.  The  individual  blood-cells,  which  at 
first  were  indistinctly  seen  as  they  hurried  past,  become  recognizable, 
especially  in  the  veins  and  capillaries.  In  these  latter  the  blood  begins 
to  accumulate  more  and  more  as  the  current  slows.  In  the  veins  the 
peripheral  layer  of  the  current,  usually  containing  plasma  only,  begins  to 
be  filled  with  white  blood-cells.  These  have  left  the  axial  stream,  and 
float  slowly  on  with  the  slower  peripheral  current  ;  or,  fastening  them- 
selves to  the  wall,  they  remain  immovable  or  oscillate  to  and  fro.  This  is 
described  as  the  marginal  or  peripheral  disposition  of  the  white  blood- 
cells  (Fig.  22,  d).  At  this  stage  the  red  cells  take  the  place  of  the  white 
in  the  capillaries. 
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Before  long  the  peripheral  disposition  of  the  cells  is  associated  with 
another  appearance.  Here  and  there  white  blood-cells  throw  out  pro- 
cesses which  pass  into  the  vessel- wall  (e).  Soon  the  processes  appear 
outside  the  vessel  (e),  and  thereupon  the  whole  protoplasmic  mass  of  the 
cell  passes  through  the  wall.  The  white  cells  in  this  way  escape,  mi- 
grate, or  extravasate  from  the  vessel  (vein  or  capillary)  by  diapedesis. 

The  first  white   blood-cells  which  migrate   are   quickly  followed  by 


Fig.  22. — Inflamed  Omentum  from  the  Human  Subject,  a,  normal  fibrous  trabecula ;  6,  normal  endo- 
thelium ;  c,  small  artery  ;  d.  vein  with  white  blood-cells  peripherally  disposed  ;  e,  white  blood-cells  migrated 
or  migrating  ;  /,  desquamated  endothelium  ;  /j,  multinuclear  cell ;  g,  migrated  red  blood-cells. 

others,  and  in  six  to  eight  hours  the  veins  and  capillaries  are  surrounded 
by  a  multitude  of  white  cells,  or  leucocytes,  which  gradually  distribute 
themselves  through  the  tissue  by  active  locomotion. 

From  the  capillaries,  in  which  the  circulation  becomes  very  irregular 
and  often  stops  altogether,  there  escape  red  blood-cells  (g),  as  well  as 
white.  If  the  mesentery  be  slightly  strained  so  that  the  circulation  is 
brought  to  a  stand-still  (stasis)  at  some  point,  the  migration  ceases  there. 
Blood-cells  do  not  escape  from  the  arteries. 

Associated  with  the  escape  of  the  formed  elements  of  the  blood,  there 
is  always  an  escape  of  liquid.  This  is  not  in  general  directly  percepti- 
ble, but  is  evidenced  by  the  accumulation  of  liquid  which  takes  place  in 
the  substance  and  on  the  surface  of  the  mesentery. 

This  escaped  liquid  is  comparatively  rich  in  albumen,  and  thus  differs 
essentially  from  the  exudation  which  follows  upon  simple  vascular  en- 
gorgement. Moreover  it  coagulates  readily,  especially  when  it  is  effused 
on  the  surface  of  the  mesentery. 
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[This  description  of  the  inflammatory  process  as  observed  in  the 
mesentery  applies  also  to  that  produced  elsewhere,  as  in  the  frog's 
tongue,  by  caustics.  In  the  latter  case  the  process  is  not  observed  in  the 
cauterized  piece  (which  is  in  fact  dead),  but  in  its  neighborhood.  Thoma 
("  Virch  Arch.,"  vol.  Ixxiv.)  has  shown  that  the  process  in  warm-blooded 
animals  is  identical  with  that  in  cold-blooded  animals. 

W.  Addison  ("Trans.  Prov.  Med.  Asso.,"  1842-45)  obs-^rved  the 
escape  of  the  white  blood-cells  from  the  vessels  so  early  as  1842.  Waller 
{Phil.  Mag.,  vol.  xxix.)  described  the  phenomenon  more  fully  in  1846. 
The  discovery  was,  however,  completely  forgotten  until  Cohnheim  made  it 
anew  in  1867.  Caton  {Journ.  Anat.  Phys.,  1871)  showed  that  the  white 
cells  escape  even  from  healthy  vessels,  at  least  in  the  amphibia. 

The  peripheral  disposition  of  the  white  blood-cells  is  a  purely  mechan- 
ical phenomenon  (Weigert,  Article  "  Entziindung,"  "  Realencyclopadie 
der  ges.  Heilkunde").  It  was  first  observed  by  Williams  ("  Gulstonian 
Lect.,"  1841).  Schklarewsky  ("  Pfliig.  Arch.,"  vol.  i.)  has  shown  that  a 
similar  effect  is  produced  when  a  slow  stream  of  liquid,  containing  fine 
powders  of  various  densities  in  suspension,  is  made  to  pass  through  a  nar- 
row tube.  When  the  stream  flows  at  a  certain  rate  the  lighter  particles 
cling  to  the  periphery,  the  heavier  ones  are  hurried  on  by  the  axial  cur- 
rent. This  is  what  happens  in  the  case  of  blood.  When  the  current  is 
slowed  to  a  certain  extent,  the  white  cells  go  to  the  periphery  ;  when  it  be- 
comes still  slower  (as  in  engorgement)  the  red  cells  go  there  also.  (See 
also  Appert,  "Virch  Arch.,"  vol.  Ixxi. ;  Hamilton,  "  Proc.  Roy.  Soc. 
Edin.,"  vol.  xi.). 

The  chemical  composition  of  inflammatory  exudations  and  inflamma- 
tory lymph  has  been  investigated  by  Hoppe-Seyler  ("  Virch  Arch,,"  vol. 
ix.),  Reuss  ("  Deutsch.  Arch.  f.  klin.  Med.,"  xxiv.),  F.  A.  Hoffmann 
("Virch.  Arch.,"  vol.  Ixxviii.),  and  Lassar  ("Virch.  Arch.,"  vol.  Ixix.).] 

97.  The  effects  of  the  process  just  described  are  easy  to  follow.  The 
inflamed  tissue  becomes  red,  swollen,  and  hot  ;  we  have  the  inflammatory 
flush,  and  the  inflammatory  exudation  or  infiltration.  The  pain  felt  is 
referable  to  pressure,  tension,  or  chemical  irritation,  acting  on  the  sensory 
nerves  in  the  tissue.  It  is  plain,  too,  that  the  function  of  the  part  must 
be  injuriously  affected  ;  the  accumulation  of  exuded  matter  and  the  im- 
perfect and  disordered  nutrition  of  the  part  are  enough  to  account  for 
that.  The  vascular  disturbance  is  beyond  doubt  the  most  important  and 
most  characteristic  factor  in  the  entire  process  of  inflammation.  The 
other  tissue-changes  involved  are  not  to  be  overlooked  or  undervalued  ; 
but  it  is  the  disturbances  in  the  circulation  which  give  inflammation  its 
special  character,  and  determine  its  course.  The  question  as  to  the  es- 
sential nature  of  inflammation  is  thus  almost  reduced  to  the  question  of 
the  causation  of  these  vascular  disturbances. 

The  slowing  of  the  blood-current,  the  dilatation  of  the  vessels,  the 
peripheral  disposition  of  the  white  blood-cells,  the  mis-ration  of  these  from 
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capillaries  and  veins,  and  the  migration  of  the  red  cells  from  the  capillaries, 
are  all  of  them  referable  to  a  molecular  alteration  in  the  vessel-walls 
(Samuel).  Mere  paralytic  dilatation  does  not  give  rise  to  slowing  of  the 
current,  or  to  peripheral  disposition  of  the  white  cells  ;  mere  slowing  of 
the  current  is  not  followed  by  extravasation  of  the  cellular  elements  of 
the  blood.  Increased  activity  of  the  neighboring  cells  will  not  explain 
exudation,  for  white  and  red  blood-cells  will  escape  from  the  vessels  into 
a  tissue  whose  cells  are  already  dead.  Cohnheim  has  shown  that  if  the 
circulation  through  a  vessel  is  interrupted  for  a  certain  time  (in  frogs, 
from  thirty-six  to  sixty  hours),  the  vessel-wall  undergoes  such  changes 
that,  when  the  blood  is  again  allowed  to  circulate,  an  exudation  makes 
its  appearance  just  as  in  inflammation. 

The  alterations  in  the  vessel  which  take  place  in  inflammation  cannot 
be  histologically  demonstrated.  We  infer  them  from  the  fact  that  the 
vessel-wall  becomes  more  permeable.  We  must  suppose  that  the  ele- 
ments composing  the  vessel-wall  are  in  some  way  loosened  ;  the  cement- 
ing substance  which  unites  the  endothelial  cells  seems  partially  to  give 
way.  Arnold's  researches  make  it  likely  that  the  cells  transude  chiefly 
at  places  where  the  intercellular  cement  is  abundant.  The  slowing  of 
the  blood-current  itself  may  probably  be  due  to  endothelial  changes,  in 
virtue  .of  which  the  frictional  adhesion  between  blood  and  vessel-wall  is 
increased  (Lister,  Ryneck,  Cohnheim). 

[It  may  be  accepted  as  an  established  fact  that  in  inflammation  the 
vessel-wall  is  affected  (Samuel,  "  Virch  Arch.,"  vol.  xliii,,  and  Cohnheim, 
loc.  cit.).  But  it  is  still  questioned  by  some  whether  the  affection  is  of 
the  nature  of  a  chemical  alteration,  or  a  mere  widening  of  pre-existing 
intercellular  apertures.  Arnold,  who  has  worked  much  at  the  subject, 
formerly  thought  that  small  openings  {stigmata)  normally  existed  be- 
tween the  endothelial  cells,  and  that  these  enlarged  in  inflammation  into 
wider  stomata.  He  based  this  theory  mainly  vipon  injection-experiments, 
which  seemed  to  show  that  the  vessel-wall  was  permeable,  even  to  blood- 
cells.  Cohnheim  all  along  opposed  the  theory,  and  Arnold  has  now  given 
it  up.  At  the  spots  where  stigmata  were  said  to  be  we  find  nothing  but 
little  masses  of  cementing  substance.  Cohnheim  argued  against  the  ex- 
istence of  openings,  from  the  fact  that  the  exudation  has  not  the  same 
composition  as  liquor  sanguinis.  The  fact  that  inflammatory  exudation 
is  richer  in  albumen  and  in  cells,  and  so  coagulates  more  readily  than  the 
liquor  which  transudes  in  simple  engorgement,  speaks  for  a  change  in  the 
permeability  of  the  vessel-wall.  This  has  indeed  been  demonstrated  by 
injection-experiments  (Winiwarter,  "  Wien.  acad.  Sitzungsber.,"  Iviii. ; 
Arnold,  loc.  cit.).  Cohnheim,  like  Hering  ("  Wien.  acad.  Sitzungsber.," 
Ivii.),  regards  the  escape  of  the  elements  of  the  blood  as  due  to  a  process  of 
filtration.  He  thinks  the  altered  quantity  and  quality  of  the  transuda- 
tion (in  inflammation  as  compared  with  health)  are  referable  simply  to  an 
alteration  of  the  vessel-wall,  that  is  to  say,  to  an  alteration  of  the  filter. 
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Thoma  maintains  ("  Virch.  Arch.,"  vol.  Ixxiv.),  on  the  strength  of  certain 
experiments,  that  the  white  blood-cells  never  escape  from  the  vessels  un- 
less they  retain  the  power  of  independent  movement.  He  would  thus 
regard  their  migration  as  in  some  degree  due  to  an  active  effort  on  their 
part.  When  the  white  blood-cells  are  deprived  of  the  power  of  move- 
ment by  irritating  the  mesentery  with  1.5  per  cent,  salt-solution,  the  mi- 
gration at  once  ceases. 

On  the  causes  of  the  slowing  and  stasis  of  the  blood-current  see  Lis- 
ter, "Phil.  Trans.,"  1858  ;  Ryneck,  "  Rollet's  Untersuch.  Graz,"  1870; 
Cohnheim,  Op.  cit.,  1873  ;  Glax  and  Klemensiewicz,  "  Wien.  acad.  Sitz- 
ungsber.,"  Ixxxiv. 

The  increased  temperature  of  an  inflamed  surface  is  due  merely  to  the 
increased  circulation  of. blood  through  the  part;  the  loss  of  heat  not 
keeping  pace  with  the  gain,  Cohnheim  found  by  experiment  that,  in 
the  same  time,  nearly  twice  as  much  blood  flowed  through  the.  inflamed 
paw  of  a  dog  as  through  the  non-inflamed  one.  This  is  quite  enough  to 
account  for  the  rise  of  temperature.] 

98.  The  causes  of  the  alteration  in  the  vessels  are  thus  the  causes  of 
the  inflammation.  In  other  words,  the  alteration  in  the  vessels  is  the 
direct  or  indirect  consequence  of  the  injury  which  excited  the  inflamma- 
tion. Or  still  more  accurately — any  injurious  agency  whicli  is  capable  of 
altering  the  blood-vessels  in  a  particular  way  is  capable  of  producing  in- 
flammation. It  is  clear  then  that  the  number  of  agencies  capable  of 
exciting  inflammation  is  indefinitely  great  ;  they  are  beyond  enumeration 
or  separate  discussion.  All  we  can  say  is  that  mechanical,  thermal,  and 
chemical  agencies  (and  especially  the  latter)  may  act  so  as  to  alter  the 
vessels  and  produce  inflammation. 

The  exciting  cause  of  inflammation  may  operate  in  one  of  three  ways. 
It  is  in  the  first  place  conceivable  that  the  injurious  agent  (noxa)  may 
primarily  attack  the  vessels.  This  will  be  the  case  when  it  is  brought  to 
them  in  the  blood  itself.  The  surrounding  tissue  suffers  only  by  a 
secondary  effect.  In  the  next  place,  there  are  cases  in  which  the  excit- 
ing injury  affects  both  tissue  and  vessels  at  the  same  time.  In  a  third 
instance,  the  tissue  alone  is  injured  ;  the  alteration  in  the  vessel-wall  is 
secondary  to  alterations  in  the  surrounding  tissue.  Of  course  these 
cases  are  not  always  completely  independent.  In  the  same  case  textural 
lesions  and  vascular  lesions  may  intercombine  in  various  ways  at  different 
times. 

To  produce  inflammation  an  injury  must  be  of  a  certain  severity,  and 
yet  must  not  be  too  severe.  Thus  a  slight  wound  of  the  corneal  epithe- 
lium does  not  excite  inflammation  ;  the  defect  is  simply  filled  up  by  re- 
generative proliferation.  On  the  other  hand,  a  powerful  caustic  applied 
to  the  skin  produces  at  the  cauterized  spot  not  inflammation,  but  necro- 
sis. Inflammation  is  indeed  excited  ;  but  only  in  parts  beyond  the 
cauterized  region.      In  these  the  caustic  has  not  acted  fully,  so  as  to  kill 
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the  vessels  ;  it  has  merely  altered  or  damaged  them  by  chemical  action. 
This  example  shows  that  there  are  no  noxse  which  can  be  described 
specifically  as  exciters  of  inflammation.  Between  the  injury  which  is  too 
slight  to  affect  the  vessels,  and  that  which  affects  them  too  severely  or 
kills  them  outright,  there  is  an  endless  number  of  intermediate  degrees. 

The  repair  of  the  damaged,  vessel-wall  is  brought  about  by  the 
vis  medicatrix  of  the  blood  itself.  If,  when  the  injurious  influence  has 
ceased,  the  blood  brings  to  the  injured  vessel  the  materials  required  for 
restoring  it  to  its  normal  state,  a  restitutio  ad  integrum  is  effected.  The 
inflammatory  disturbance  of  the  circulation  thereupon  comes  to  an  end, 
and  with  it  the  exudation  ;  and  the  process  of  healing  is  begun. 

99.  The  textural  changes.  Inflammatory  change  in  the  vessels 
must  of  necessity  be  associated  with  tissue-change,  antecedent,  concomi- 
tant, or  subsequent.  An  injury  from  without  which  excites  change  in 
the  vessel  must  always  in  the  first  instance  affect  a  certain  number  of 
tissue-cells.  By  what  is  said  in  Arts.  78-80  we  see  that  all  such  an 
injury  can  do  is  to  set  up  disorganizing  and  degenerative  changes  in  the 
cells.  If  the  injury  be  slight,  the  cells  may  recover  ;  if  it  be  graver,  a 
certain  number  of  them  wall  perish.  Multiplication  is  never  induced  by 
excitation  of  the  cells  from  without. 

When  the  injurious  agent  affects  the  vessels  primarily,  being  brought 
to  them  by  the  blood,  there  are  two  events  possible.  If  the  noxa  be  very 
powerful,  it  will  attack  (or  even  kill)  not  only  the  vessel-wall,  but  the 
surrounding  tissue  also.  If  it  is  of  trifling  intensity,  and  its  operation  is 
thus  confined  to  the  vessel-wall,  the  surrounding  tissue  escapes  in  the 
first  instance.  It  will  be  affected  secondarily  only  when  the  injury  to 
the  vessel-wall  is  great  enough  to  lead  to  inflammatory  disturbance  of  the 
circulation,  and  so  to  disordered  nutrition  of  the  tissue. 

Experiment  and  post-mortem  observation  have  alike  shown  that  in 
severe  inflammation  a  certain  number  of  cells  invariably  perish.  The 
so-called  "inflammatory  stimulus"  does  not  induce  multiplication,  but 
only  degeneration  and  death,  in  the  cells  of  the  tissue.  The  slighter  the 
inflammatory  stimulus  the  less  is  the  injury  to  the  tissue.  The  degener- 
ative and  destructive  effects  of  the  exciting  injury  are  least  in  the  mildest 
forms  of  inflammation.  j 

[Cohnheim's  discovery  of  the  migration  of  white  blood-cells  suggested 
a  possible  source  of  the  extraneous  cells  found  in  all  inflamed  tissues,- 
and  in  particular  a  possible  source  of  pus.  But  the  question  has  often 
been  raised  whether  all  these  extraneous  cells  (round-cells  or  leucocytes); 
are  derived  from  the  blood.  Before  the  discovery  of  migration,  it  was' 
assumed  that  these  leucocytes  were  the  product  of  the  multiplication  of 
tissue-cells,  excited  to  proliferate  by  the  "inflammatory  stimulus."  But 
it  was  quickly  seen  that  there  were  well-founded  objections  to  this 
hypothesis.  Cohnheim  himself  ("  Virch.  Arch.,"  vol.  xl.)  had  shown,  and 
that  before  he  made  his  discovery,  that  it  was  impossible  to  suppose  that 
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all  pus-corpuscles  arose  from  fixed  cells  ;  and  that  even  the  migratory 
connective  tissue-cells  of  Von  Recklinghausen  v^ere  inadequate  to  pro- 
duce the  enormous  multitude  of  cells  found  in  pus.  Numerous  investi- 
gations made  since  then  have  shown  that  pus-corpuscles  are  derived 
solely  from  the  blood,  and  that  cells  of  the  lymphoid  type  (such  as  pus- 
corpuscles)  are  never  produced  from  fixed  tissue-cells  (Cohnheim,  "  Neue 
Unters.  lib.  d.  Entzund.,"'  Berlin,  1873,  "  Virch.  Arch.,"  vol.  Ixi.  ;  Key 
and  Wallis,  "Virch.  Arch,,"  vol.  Iv.  ;  Eberth,  "Unters.  a.  d.  path.  Inst, 
in  Ziirich,,"  parts  3  and  3).  As  has  been  stated  in  the  text,  the  tissue- 
cells  either  show  signs  of  degeneration  or  perish  outright,  and  in  this 
condition  mingle  with  the  exudations. 

This  doctrine  has  not  been  without  its  opponents.  Among  the  chief 
are  Bottcher  ("  Virch.  Arch.,"  vols,  Iviii.,  Ixii.)  and  Strieker,  with  some 
of  his  pupils  ("  Studien  aus  d.  Inst,  f  iir  exper.  Path,  in  Wien,"  1870  ; 
various  essays  in  the  "Wien,  med.  Jahrb.,"  1871-1880;  "Vorles.  lib, 
allg.  Path.,"  Vienna,  1877-1879  ;  "  Internat.  Encyclop.  of  Surgery,"  vol. 
i.).  Bottcher's  objections  have  been  completely  answered  by  the  pains- 
taking experiments  of  the  observers  above  cited,  Strieker's  observations 
are  admirably  described  by  Burdon  Sanderson  in  "  Holmes's  System  of 
Surgery,"  vol.  v.  Recent  researches  have  not  tended  to  confirm  the  re- 
sults on  which  Strieker's  objections  are  based.  Experimental  researches 
on  the  origin  of  pus-corpuscles  have  generally  been  made  on  the  cornea  ; 
as  this  has  no  blood-vessels  it  offers  a  favorable  opportunity  for  discern- 
ing the  parts  played  by  the  blood  and  by  the  tissue-cells  respectively.] 

100.  The  forms  of  necrosis  and  degeneration  which  may  accompany 
inflammation  are  very  various  ;  they  vary  with  the  nature  of  the  exciting- 
cause,  and  with  the  intensity  of  the  inflammation  ;  with  the  character  and 
extent  of  the  vascular  disturbance,  and  with  the  nature  of  the  tissue. 
Any  one  of  the  forms  of  degeneration  enumerated  in  Arts.  32-71  may 
occur.  There  is  no  rule  determining  in  what  cases  any  particular  form 
shall  appear.  It  deserves,  however,  to  be  specially  mentioned,  that  a 
very  common  issue  is  the  disintegration,  solution,  and  liquefaction  of  the 
entire  tissue — of  its  cells  as  well  as  its  basis-substance.  This  is  the  case, 
for  example,  in  all  suppurations,  to  a  greater  or  less  extent.  Another 
common  occurrence  is  the  coagulation  of  the  exuded  liquid,  and  also  of 
the  disorganized  or  necrosed  tissue-cells.  Fatty  degeneration  is  not  in- 
frequently a  secondary  result  of  the  vascular  disturbance. 

101.  Varieties  of  Inflammation.  Inflammation  is  a  process  which 
may  affect  any  tissue  possessing  vessels,  or  in  connection  with  vessels.  In 
other  words,  it  may  affect  any  tissue  in  the  body,  except  a  few  epider- 
moid structures.  Its  seat  may  vary  greatly.  It  may  lie  within  the  pa- 
renchyma of  an  organ,  or  be  confined  to  its  surface  ;  that  is  to  say,  we 
may  have  parenchymatous  inflammation,  or  superficial  inflammation. 
The  former  affects  the  interior  parts  of  solid  organs,  like  the  glands,  mus- 
cles, or  brain.  The  latter  form  occurs  on  the  exterior  of  the  body,  in 
mucous  membranes,  and  in  the  lining  membranes  of  the  great  serous  cav- 
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ities.  In  the  former  the  exuded  liquid  saturates  the  tissues,  and  is 
spoken  of  as  an  infiltration.  In  the  latter  it  is  deposited  on  the  surface, 
and  is  spoken  of  as  an  effusion,  or  an  exudation  in  a  narrowed  sense 
of  the  term.  Parenchymatous  inflammations  are  still  further  subdivided. 
Glands,  muscles,  and  nerves  possess  a  fibrous  framework  in  addition  to 
their  specific  elements.  Inflammation  of  the  former  must  be  distinguished 
from  that  of  the  latter  ;  we  have  thus  interstitial  inflammation,  as  dis- 
tinguished from  parenchymatous  inflammation  in  a  narrowed  sense  of 
the  latter  term.  There  is  really  no  essential  difference  between  the  two. 
The  only  value  of  the  distinction  is — that  it  allows  us  to  indicate  briefly 
the  seat  of  inflammation  in  certain  organs,  whose  fibrous  framework  is 
well  defined  from  the  specific  parenchyma.  Thus  interstitial  inflammation 
of  the  liver  implies  that  the  chief  inflammatory  changes  are  to  be  found 
in  the  periportal  fibrous  tissue,  the  liver-cells  being  relatively  less  affected. 
If  it  is  mainly  the  lobules  which  are  affected,  the  inflammation  is  de- 
scribed as  parenchymatous.  Mistakes  are  often  made  by  referring  simple 
degenerative  changes  in  the  liver-cells  to  parenchymatous  inflammation. 

In  speaking  of  the  parenchymatous  inflammation  of  a  particular  or- 
gan, it  is  customary  to  make  use  of  a  term  compounded  of  the  Latin  or 
Greek  name  of  the  organ  and  the  affix  -itis.  Thus  hepatitis,  nephritis, 
encephalitis,  oophoritis,  refer  respectively  to  the  liver,  kidney,  brain,  and 
ovary.  In  some  cases  old  specific  names  are  used  instead,  as  pneumonia 
(for  pulmonitis),  an  inflammation  of  the  substance  of  the  lung. 

Histologists  often  indicate  that  an  organ  has  undergone  inflammation 
by  saying  merely  that  it  is  infiltrated  with  small  cells  or  leucocytes.  This 
accumulation  of  cells  is  in  reality  the  feature  by  which  the  fact  of  ante- 
cedent inflammation  is  most  readily  recognized. 

103.  The  histological  characters  of  inflammation  depend  on  the  one 
hand  upon  the  nature  of  the  exudation,  on  the  other  hand  upon  the 
changes  in  the  tissue.  Both  factors  have  been  utilized  in  classifying  the 
forms  of  inflammation,  according  as  one  or  the  other  happens  to  be  the 
more  prominent. 

With  respect  to  varieties  in  the  nature  of  the  exudation,  the  fol- 
lowing types  are  distinguished. 

(1)  Serous  and  fibrino-serous  exudation.  When  the  inflammatory 
alteration  in  the  vessels  is  not  very  marked,  the  exuded  fluid  may  be  rela- 
tively poor  in  cells,  and  in  its  constitution  may  resemble  the  transudation 
from  vessels  that  are  merely  engorged.  It  is,  however,  distinguishable 
from  the  latter  by  its  greater  percentage  of  albumen  and  of  white  blood- 
cells,  and  by  its  greater  coagulability.  Where  it  collects  in  quantity, 
therefore,  it  looks  more  or  less  turbid,  and  contains  flakes  and  threads  of 
coagulated  fibrin.  Collections  of  this  fluid  in  serous  cavities  are  described 
as  fibrino-serous  effusions.  When  it  infiltrates  the  parenchyma  of  an  in- 
flamed solid  organ,  it  gives  rise  to  inflammatory  csdema.  When  it  is 
effused  on  the  surface  of  the  skin  or  of  a  mucous  membrane,  it  is  spoken 
of  as  serous  catarrh. 
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(2)  Fibrinous  or  croupous  exudation.  When  the  exudation  con- 
tains fibrinogenic  and  fibrinoplastic  elements  in  abundance,  it  undergoes 
coagulation  throughout.  As  explained  in  Art.  35,  the  fibrinogenic  sub- 
stance is  contained  in  the  exuded  liquid,  the  blood-cells  yielding  the 
fibrinoplastin.  The  presence  of  a  certain  percentage  of  leucocytes  in  the 
exudation  favors  coagulation.  The  term  fibrinous  exudation  is  especially 
applied  to  effusions  into  the  various  body-cavities.  The  coagulated  masses 
form  toughish,  yellowish  vphite,  adherent  films  or  coverings  over  the  af- 
fected organs.  When  tissues  are  infiltrated,  or  mucous  membranes  cov- 
ered over,  with  the  coagulated  exudation,  the  term  croupous  is  generally 
applied  to  it. 

The  croupous  false-membranes  formed  on  mucous  surfaces  appear 
as  yellowish  white  deposits,  consisting  chiefly  of  granular  fibrinous  trabe- 


PiG.  23. — Section  of  a  Croupous  Membrane  from  the  Trachea.     +250.     a.  false  membrane;  &,  surface 
layer  of  the  mucous  membrane  infiltrated  with  leucocytes  (di) ;    c,  fibrin  ;  d,  pus-corpuscles. 

culse  (Fig.  23,  c)  and  filaments,  interspersed  with  pus-corpuscles  in  vary- 
ing amount. 

In  other  cases,  the  false  membrane  is  chiefly  made  up  of  hyaline  flakes 
and  lumps  (Fig.  24,  h). 

(3)  Purulent  or  fibrino-purulent  exudation.  When  the  migration 
of  white  blood-cells  from  the  vessels  is  very  extensive,  and  coagulation 
does  not  immediately  ensue,  the  exudation  assumes  a  whitish  milky  or 
creamy  appearance.  It  consists  simply  of  a  liquid  plasma  and  small  leu- 
cocytes containing  from  one  to  three  nuclei,  and  is  called  "  matter  "  or 
pus.  It  is  commonly  the  consequence  of  bacterial  infection.  The  bac- 
teria seem  to  act  so  as  to  hinder  coagulation.  When  the  purulent  liquid 
contains  in  addition  white  flakes  of  fibrin  infiltrated  with  pus-cells,  the 
exudation  is  described  as  fibrino-purulent.  It  takes  this  form  chiefly  in 
inflammation  of  the  serous  membranes.  When  purulent  infiltration  leads 
to  liquefaction  and  dissolution  of  the  tissues,  so  that  a  pus-containing 
cavity  is  formed,  we  have  what  is  called  an  abscess.  If  the  loss  of  tis- 
sue is  superficial,  and  a  morbid  surface  is  formed  which  secretes  pus,  we 
have  an  ulcer.  Secretion  of  pus  from  the  skin,  mucous  membrane,  or 
synovial  membrane,  constitutes  purulent  catarrh.  An  infiltration, 
partly  purulent  and  partly  serous,  is  described  as  purulent  cederaa. 

(4)  Hemorrhagic  exudation.     Blood  rnay  be  mingled  with  serous, 
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fibrinous,  or  purulent  exudations,  and  is  readily  distinguished  by  its  col- 
orino-  them  red.      Such  mixed  exudations  are  called  hemorrhaa^ic. 

(5)  Putrid  exudation.  When  from  the  presence  of  septic  bacteria 
the  exudation  undergoes  putrefaction,  it  is  described  as  foul,  putrid,  or 
sanious. 

103.  We  may  likewise  distinguish  certain  types  of  inflammation,  ac- 
cording to  the  way  in  which  the  inflamed  tissue  is  affected. 

(1)  Desquamative  catarrh.  In  this  form  of  inflammation,  which 
aflects  the  skin  and  mucous  membranes,  the  epithelial  cells  are  shed  in 
large  numbers  and  mingle  with  the  secretion.  It  is  also  described  as 
epithelial  catarrh.  Mucous  catarrh  is  a  variety  of  this  distinguished  by 
free  mucus-secretion  from  the  surface  epithelium,  or  mucous  glands. 

(2)  Necrotic  inflammation.     This  term  is  applied  to  cases  in  which  an 


Fig.  24. — Section  of  TTvula  from  a  Case  of  Diphtheria,  x  100.  (The  epithelium  has  been  shed ;  aniline- 
brown  staining.)  a,  micrococci;  6,  sub-mucous  tissue  changed  into  amorphous  flakes;  c.  infiltrated  leuco- 
cytes ;  d,  fibrinous  exudation  ;  e,  blood-vessels  ;  /,  lymphatic  vessel  containing  cells  and  fibrin. 

inflamed  tissue  dies  over  an  extent  that  is  perceptible  with  the  naked 
eye.  The  form  of  necrosis  may  vary;  it  may  be  simple  necrosis,  gan- 
grene, mummification,  caseation,  or  coagulation  (Arts.  32—42). 

A  special  interest  attaches  to  inflammatory  coagulative  necrosis  or 
diphtheritic  inflammation  (Art.  38).  In  this  form,  the  tissue  which 
has  been  killed  by  the  injury  causing  inflammation,  or  by  the  inflamma- 
tion itself,  coagulates  into  large  flakes  and  reticulated  masses.  This 
happens,  for  example,  in  diphtheritic  inflammation  of  the  uvula,  where 
the  epithelium  and  infiltrated  subepithelial  tissue  are  transformed  into  a 
coarse  mesh-work  interspersed  with  amorphous  lumps  and  flakes  (Fig.  24, 
b).  The  granulating  tissue  of  a  wound  may,  in  like  manner,  become  ne- 
crosed, and  solidify  into  diphtheritic  denucleated  flaky  masses. 

Necrotic  inflammation  is  of  course  always  grave.  It  implies  severe 
injury  to  the  tissue,  as  well  as  serious  alteration  in  the  vessel-walls. 


CHAPTER  XXIL 

LATER  STAGES  OF  INFLAMMATION— EECOVERY—EEGENERATION 
—GRANULATION— CICATEIZATION. 

104.  Inflammation  ceases  to  advance  so  soon  as  the  blood  circulating 
through  the  vessels  restores  their  walls  to  a  healthy  state.  When  this 
happens  recovery  at  once  begins. 

After  a  slight  inflammation,  i.e.,  one  in  which  the  vessel-walls  are  but 
slightly  damaged,  and  the  exudation  trifling,  the  tissue  affected  may  re- 
cover in  a  remarkably  short  time.  So  soon  as  the  vessels  perform  their 
functions  normally  the  exudation  ceases  to  be  formed  ;  what  is  already 
effused  forthwith  undergoes  reabsorption  by  the  lymphatics  or  by  the 
blood-vessels  themselves.  Simple  serous  exudations  are  those  most 
readily  absorbed,  but  corpuscular  elements  in  moderate  amount  present 
no  great  difficulty.  If  any  of  the  constituent  cells  of  the  tissue  have 
been  injured  in  the  course  of  the  affection,  they  may  now  recover. 
Their  normal  nutrition  becomes  possible  as  the  circulation  re-adjusts  it- 
self. In  a  short  time  nothing  remains  to  show  that  inflammation  has  ex- 
isted.    The  affected  part  becomes  perfectly  normal  again. 

If  the  inflammation  has  been  more  intense  and  the  amount  of  exuda- 
tion greater,  and  if  in  addition  tissue-elements  have  been  actually  de- 
stroyed over  a  small  extent,  the  process  of  recovery  is  somewhat  differ- 
ent. When  the  circulation  becomes  normal  the  exudation  is  reabsorbed 
as  before.  Liquid  and  cells  are  alike  taken  up  by  the  lymphatics  and 
blood-vessels.  Even  coagulated  exudations  are  gradually  removed  after 
undergoing  liquefaction.  The  necrosed  tissues,  like  the  more  solid 
masses  of  exudation,  are  ultimately  disintegrated  and  liquefied,  and  then 
removed  by  absorption.  If  they  lie  on  the  surface  they  may  be  directly 
cast  off  (Arts.  112-115).  If  the  loss  of  tissue  be  not  too  great,  and  the 
remaining  parts  are  healthy  and  vigorous,  regeneration  or  repair  is  ef- 
fected by  multiplication  of  the  tissue-cells.  Epithelium  produces  epi- 
thelium, muscle-cells  form  fresh  contractile  substance,  periosteum  gener- 
ates new  bone,  etc.  (Arts.  84-89).  By  and  by  the  lost  tissue  is  replaced 
by  new  tissue  after  its  kind.  It  may  sometimes  even  happen  that  the 
amount  of  new  tissue  j^roduced  is  in  excess  of  what  is  needed,  and  hyper- 
plasia succeeds  inflammation.  This  will  happen  when  the  excessive  nu- 
trition of  the  tissue,  which  usually  follows  upon  inflammation,  is  kept  up 
for  a  considerable  time. 
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The  magnitude  of  the  defect  which  can  be  filled  up  in  this  way,  and 
the  fitness  of  the  new  tissue  to  replace  the  old,  are  matters  depending  on 
the  regenerative  power  of  the  affected  structures.  As  we  know,  this 
differs  greatly  in  different  tissues  (Arts.  84-89).  The  lining  epithelia  are 
able  to  cover  over  large  denudations  of  surface,  and,  as  in  catarrhal  des- 
quamation, may  be  reproduced  again  and  again.  But  it  would  seem  that 
brain-tissue  has  no  power  to  form  a  single  fresh  ganglion-cell. 

For  the  eflficient  causes  which  call  forth  regenerative  or  hyperplastic 
proliferation,  we  refer  the  reader  to  Arts,  78-82.  Here  we  have  only  to 
remind  him  once  more  that  it  is  not  the  agency  or  noxa  which  excited  the 
inflammation  which  now  excites  the  cells  to  multiply,  by  some  kind  of 
direct  stimulus.  Multiplication  is  completely  independent  of  the  original 
cause  of  the  inflammation.  It  is  simply  the  result  of  changes  in  the  vital 
conditions  or  environment  of  the  cells  ;  and  these  changes  are  the  result 
of  the  inflammatory  process  itself. 

105.  If  the  inflammation  continues  for  a  time  and  is  not  too  intense, 
and  if  the  circulation  is  not  too  seriously  interfered  with,  so  that  a  good 
blood-supply  is  continuously  kept  up,  we  have  all  that  is  needed  for  the 
production  of  inflammatory  tissue.  The  cells  which  build  up  the  new 
tissue  are  the  migrated  white  blood-cells  or  leucocytes  ;  the  new  tissue 
which  they  form  is  described  as  gpranulation-tissue  and  cicatricial 
tissue.  The  most  important  factor  in  this  plastic  process  is  the  forma- 
tion of  new  blood-vessels.  These  alone  make  it  possible  to  keep  the 
young  formative  tissue  supplied  with  adequate  nutriment. 

The  factors  which  cause  the  inflammatory  process  to  take  on  a  forma- 
tive or  constructive  character  are  not  always  the  same.  We  must  in 
general  assume  that  some  cause  is  acting  which  keeps  up  the  morbid  al- 
teration in  the  vessel-walls,  and  so  gives  the  inflammation  in  some  degree 
a  chronic  character.  In  open  wounds  the  inflammation  is  kept  up  by 
contact  with  the  air,  with  the  floating  matters  suspended  in  it,  with 
the  dressings,  with  the  secretions  from  the  surface.  This  continues  till 
the  skin,  growing  over  from  the  margins  of  the  wound,  at  length 
protects  the  vascular  tissue  from  further  irritation.  In  subcutaneous 
necroses  following  on  acute  exudative  inflammation,  the  dead  tissues 
or  dead  exudations  are  enough  to  maintain  a  certain  irritation  in  their 
neighborhood,  especially  as  they  undergo  certain  chemical  changes  be- 
fore they  are  finally  absorbed.  In  other  cases,  the  original  cause  of  in- 
jury persists  and  continues  to  excite  ever  fresh  inflammation  ;  or  a  new 
injury  may  affect  a  part  in  which  inflammation  is  declining  or  over- 
past, and  kindle  it  afresh.  Which  of  all  these  possibilities  applies  to  a 
given  case  is  often  hard  to  determine.  Very  frequently  several  such 
factors  are  in  action,  either  at  the  same  time,  or  at  different  stages  of 
the  process. 

Plastic  inflammation  is,  moreover,  always  associated  with  some  form 
of  degeneration.  In  parenchymatous  organs,  for  instance,  the  growth 
of  new  fibrous  tissue  involves  the  atrophy  or  destruction  of   the  proper 
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and  specific  elements.  Intrinsic  sources  of  irritation  of  this  kind  are 
thus  seldom  wanting,  and  they  maintain  the  inflammatory  process,  even 
when  the  original  exciting  cause  has  ceased  to  act. 

106.  The  new  tissue  produced  as  a  result  of  inflammation  often  fulfils 
the  purpose  of  replacing  tissue  that  has  been  lost.  This  application  of 
the  process  is  apparent  in  the  healing  of  wounds.  In  an  open  skin- 
wound,  for  instance,  there  is  formed  first  of  all  a  delicate  grayish-red  vas- 
cular formative  layer,  the  so-called  granulating  surface.  This  in  a 
way  unites  the  borders  of  the  wound.  After  a  time  it  becomes  covered 
over  with  skin,  and  is  transformed  into  fibrous  tissue.  The  breach  is 
thus  filled  up,  the  separated  parts  united,  and  a  scar  is  formed.  The 
scar  or  cicatrix  is  thus  the  result  of  an  inflammatory  plastic  process. 
Scar-tissue  is  formed  in  other  organs  in  the  same  way,  and  with  the  same 
result  of  replacing  a  loss  of  substance. 

In  many  cases,  however,  the  production  of  new  tissue  by  inflamma- 
tion does  not  serve  so  useful  a  purpose.  It  often  takes  the  form  of  a 
useless  or  injurious  hyperplasia.  This  happens,  for  example,  when  after 
inflammation  the  corium  of  the  skin  thickens,  or  the  papillee  become  en- 
larged ;  or  when  the  fibrous  tissue  of  the  kidney  or  the  liver  is  morbidly 
increased,  giving  rise  to  disturbances  in  the  nutrition  of  the  organ.  Even 
the  formation  of  adhesions  and  adhesive  membranes  connecting  the  or- 
gans of  the  great  serous  cavities  is  often  accompanied  by  impairment  and 
hindrance  of  their  functions. 

107.  As  we  have  just  stated  (Art.  105),  inflammatory  tissues  are  de- 
veloped from  extravasated  leucocytes,  in  cases  where  the  circulation  has 
not  been  very  seriously  interfered  with.  This  last  ensures  that  the 
exuded  corpuscles  are  speedily  irrigated  with  a  sufficient  but  not  too 
abundant  stream  of  plasma.  These  conditions  are  perfectly  fulfilled  in 
the  aseptic  healing  of  an  ordinary  wound. 

If  an  open  wound  be  observed  twenty-four  hours  after  it  is  inflicted, 
the  bottom  and  edges  will  be  found  to  be  intensely  red  and  somewhat 
swollen.  The  elements  of  the  tissue  are  still  quite  distinguishable, 
though  the  tissue  seems  turgid,  and  here  and  there  small  necrosed  shreds 
are  visible.  On  the  second  day,  the  tissues  have  a  more  gelatinous  ap- 
pearance, the  outlines  of  the  tissue-elements  (cells  and  fibres)  are  blurred, 
and  the  color  is  a  grayish  red.  A  reddish  yellow  liquid  lies  on  the  sur- 
face. After  the  second  day  little  red  nodules  or  granules  begin  to  ap- 
pear over  the  entire  vpound.  These  increase  rapidly  in  size  and  number, 
and  become  at  length  confluent.  After  two  or  three  days  there  is  thus 
formed  a  continuous  red  granular  layer — the  granulating  surface.  It  is 
covered  with  a  more  or  less  abundant  secretion,  which  changes  to  a  gray- 
ish gelatinous  film,  and  afterward  becomes  more  yellowish  and  creamy  in 
consistence.  This  film  is  composed  of  an  albuminous  coagulable  exuda- 
tion and  numerous  leucocytes,  some  of  them  with  one  nucleus,  but  most 
of  them  with  two  or  three  small  rounded  ones.  These  are  pus-eorpus- 
cles.     They  are  not  capable  of  further  development,  but  are  rather  to  be 
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looked  upon  as  cells  in  process  of  decay.     The  multiplication  of  the  nu- 
clei is  evidence,  not  of  subdivision,  but  of  disintegration. 

The  whole  of  the  new  tissue  formed  is  derived  from  this  delicate  red 
formative  or  embryonic  tissue,  the  granulation-tissue.  From  this  the 
cicatricial  tissue  is  developed. 

[It  seems  beyond  doubt  that  the  multiple  nuclei  of  pus-cells  (Fig. 
25,  «j)  are  simply  the  result  of  disintegration.  Nothing  has  been  ob- 
served to  indicate  that  the  division  of  the  nucleus  is  followed  by  a  divi- 
sion of  the  cell,  and  nothing  is  known  of  their  further  development. 
Besides,  it  is  noted  that  the  combined  size  of  the  multiple  nuclei  is  not 
greater  than  that  of  the  single  nucleus.  This  shows  that  the  partial 
nuclei  have  not  the  power,  like  true  daughter-nuclei,  of  growing  by 
assimilation  of  substance  from  the  protoplasm  of  the  cell  (Kiiss,  "  De  la 
vascularite  et  de  I'inflamraation,"  Paris,  1846;  Paget,  "Surg.  Path.," 
Lect.  10).] 

108.  The  naked-eye  appearances  in  the  healing  wound  are  referable, 
partly  to  the  accumulation  of  white  blood-cells,  partly  to  dilatation  and 
distention  of  the  vessels,  and  partly  to  the  formation  of  new  vessels. 
This  latter  takes  place  by  means  of  off-shoots  from  the  capillaries,  as  de- 
scribed in  Art.  86.  No  other  mode  of  vascularization  has  been  certainly 
made  out. 

The  development  of  granulations  and  cicatricial  tissue  takes  place  in 
the  following  way. 

The  injury  sets  up  inflammation,  which  leads  to  an  infiltration  of  cells 
at  the  borders  of  the  wound.  Large  numbers  of  migrated  cells  (with  a 
certain  quantity  of  fluid)  are  thus  accumulated.  Meanwhile,  parts  of  the 
existing  tissue  disintegrate  by  softening  and  liquefaction.  A  soft  text- 
ure is  in  this  way  produced  which  is  made  up  almost  entirely  of  young 
round-cells,  with  very  little  intercellular  substance.  Some  of  these  cells, 
chiefly  those  containing  several  fragmentary  nuclei  (Fig.  25,  aj,  cease 
thereupon  to  live,  and  form  true  pus-corpuscles.  They  are  either  thrown 
off  with  the  secretions  from  the  wound,  or  are  absorbed,  or  dissolved  in 
situ  and  utilized  to  feed  the  more  vigorous  living  cells.  On  the  other 
hand,  another  set  of  (uninuclear)  cells  (a)  begin  to  grow.  Their  proto- 
plasji  increases  in  amount  and  becomes  more  markedly  granular  (Fig. 
25,  b).  At  the  same  time  the  cloudy  finely  granular  rounded  nucleus 
becomes  clearer,  oval,  and  vesicular  [b).  The  nuclear  juice  and  nuclear 
substance  become  distinct,  so  that  it  becomes  possible  to  discern  clearly 
a  nuclear  membrane,  nucleoli,  and  nuclear  granules  and  filaments.  This 
differentiation  of  the  elements  of  the  nucleus  gives  the  cell  an  altogether 
different  aspect  and  habit.  It  resembles  an  epithelial  cell,  or  as  it  is 
phrased — it  becomes  epithelioid. 

The  transformation  of  leucocytes  into  epithelioid  cells  is  accompanied 
by  cohesion  of  the  protoplasm    of   separate  cells.     A  growing  cell  may 
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appropriate  the  substance  of   others   which  are  decaying  ;  or  two  equal 
cells  may  coalesce  to  form  a  single  one. 

The  epithelioid  cells  are  the  formative  cells  of  the  granulation-tissue  ; 
they  alone  have  the  power  of  producing  new  connective  tissue.  They 
are  best  described  as  fibroblasts.  They  are  usually  uninuclear,  and 
their  numbers  increase  partly  by  successive  transformations  of  round- 
cells,  partly  by  subdivisi,on.  Very  probably  the  division  of  their  nuclei 
is  of   the  karyokinetic  type.      If  the  protoplasm  does  not  subdivide  for 


■PlG.  25. — Granulation-cells  in  varioTis  stages,  x  500  (Picrocarmine  staining.)  a,  uninuclear;  Oj,  multi- 
nuclear  migrated  wliite  blood-corpuscles  :  6,  various  forms  of  uninuclear  formative  cells  ;  c.binuclear  ;  Cj.  mul- 
tinuclear  forinative  cell ;  d,  formative  cells  developing  into  connective  tissue  ;  e,  developed  connective  tissue. 

some  time  after  the  nucleus  has  divided,  binuclear  (c)  cells  are  formed  ; 
and  even  in  some  instances  large  multinuclear  cells,  the  so-called  giant- 
eells  (Cj).     In  healthy  granulations  giant-cells  are  produced  but  sparingly. 


[Ziegler  has  endeavored  to  prove  experimentally  that  the  migrated 
white  blood-cells  are  capable  of  further  development,  and  are  the  primary 
source  of  cicatricial  tissue  ("  Exper.  Untersuch.  lib.  d.  Herkunft  d.  Tuber- 
kalelemente,"  Wiirzburg,  1875,  and  "Untersuch.  iib,  path,  Bindegewebs- 
und  Gefassneubildung,"  Wiirzburg,  1876).  He  made  a  small,  disc-shaped 
chamber  by  fastening  together  two  thin  cover-glasses  a  slight  distance 
apart.  This  was  inserted  under  the  skin  of  a  dog  and  left  for  a  certain 
length  of  time.  When  it  was  removed  its  contents  could  be  examined 
microscopically.  The  thin  interspace  was  found  to  be  filled  with  cells, 
which  either  perished  and  broke  up  or  underwent  further  development. 
In  a  single  layer  of  cells  obtained  in  this  way,  there  were  always  some 
undergoing  progressive  change,  and  they  could  be  observed  with  great 
ease.     Thus  not  merely  at  the  borders,  but  over  the  whole  field,  cells  were 
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found  in  all  stages  of  development  from  the  lymphoid  to  the  epithelioid 
and  giant-cell  type.  The  actual  formation  of  tissue  from  them  could  be 
followed.  When  large  cells  are  formed,  a  certain  number  of  the  round- 
cells  in  their  neighborhood  disappear.  Jt  is  as  if  their  protoplasm  were 
appropriated  by  the  larger  growing  cell.  This  is  less  surprising,  as  we 
know  that  migratory  cells  frequently  pick  up  molecular  matters  (such  as 
cinnabar)  which  they  find  in  their  way.  The  only  difference  is  that  the 
protoplasm  is  assimilated  and  utilized  for  growth  ;  the  cinnabar  of  fourse 
is  not. 

The  various  stages  of  nucleus-division  cannot  as  yet  be  described  in 
detail  ;  only  some  of  them  have  been  observed.  So  far  as  is  known,  they 
correspond  with  the  scheme  of  Arts.  74  and  75.  Now  and  then  a  radial 
arrangement  of  the  granules  of  the  protoplasm  is  observed  near  the  poles 
of  the  nucleus. 

Ziegler's  results  have  been  called  in  question  by  various  observers 
(Ewetzky,  Weiss,  Bottcher,  Baumgarten,  and  others).  These  observers 
maintain  that  the  migrated  cells  have  no  power  of  further  development, 
and  attribute  the  formation  of  new  tissue  to  the  multiplication  of  the 
fixed  tissue-cells,  especially  in  the  case  of  the  epithelia.  Their  experi- 
mental methods  have  been  so  different  from  Ziegler's,  and  their  criticisms 
rest  so  much  more  on  their  own  special  theories  of  inflammation  than  on 
the  facts  adduced,  that  it  is  difficult  to  find  a  common  basis  for  the  dis- 
cussion of  them.  Those  who  have  used  similar  methods  have  in  the  main 
arrived  at  similar  results.  Senftleben  ("  Virch.  Arch.,"  vols.  Ixxii.  and 
Ixxvii.)  introduced  fragments  of  dead  lung,  or  artery-wall,  into  the  peri- 
toneal cavity  of  an  animal.  Tillmanns  ("  Virch.  Arch.,"  vol.  Ixxviii.)  used 
bits  of  hardened  organs  with  artificial  cavities  in  them.  Hamilton 
("  Sponge-grafting,"  Edin.  Med.  Journal,  1881),  introduced  bits  of 
sponge.  All  of  these  have  found  that  the  cells  which  migrate  into  the 
receptacles  thus  artificially  provided  undergo  further  development. 
Heidenhain  had  already  discovered  large  cells  in  round  bits  of  elder-pith, 
which  he  had  inserted  into  the  abdominal  cavity  of  guinea-pigs  ("  Ueber 
d.  Verfettung  fremder  Korper  in  der  Bauchhohle,"  Breslau,  1872). 
Schede  ("Arch.  f.  klin.  Chir.,"  xv.),  Aufrecht  ("Virch.  Arch.,"  vol. 
xliv.),  Bizzozero  ("  Annali  universi  dl  medicina,"  1868),  and  others  had 
already  observed  facts  which  were  in  favor  of  the  notion  that  develop* 
ment  does  take  place  in  migrated  cells.] 

109.  The  newly  formed  fibroblasts  are  rounded  cells  (Fig.  25,  J). 
They  soon  change  their  form,  however,  by  sending  out  processes  and  be- 
coming elongated.  In  this  way  cells  are  produced  which  are  club-shaped, 
spindle-shaped,  or  branched  (J)  ;  and  these  cohere  and  coalesce  in  various 
ways.  Meantime  the  larger  formative  cells  are  multiplied  till  at  length 
they  outnumber  the  small  round-cells.  Here  and  there  they  become 
tightly  packed  together.  This  is  especially  noticed  in  the  deeper  layers 
of  the  granulation-tissue.     When   their  number  has  reached  a  certain 
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point,  fibrous  tissue  begins  to  be  produced  by  the  formation  of  a  fibril- 
lated  intercellular  substance.  Tliis  latter  arises  in  part  directly  from  the 
cell-protoplasm,  and  in  part  from  a  homosreneous  ground-substance  de- 
rived from  the  fibroblasts.  In  the  first  case,  from  the  ends  and  lateral 
borders  of  the  formative  cells  (d)  there  grow  out  fine  fibrillse,  which 
unite  vrith  those  of  the  neighboring  cells.  The  direction  and  extent  of 
the  fibrous  strands  thus  produced  are  independent  of  the  original  form 
and  disposition  of  the  formative  cells.  The  run  of  the  fibres  is  generally 
in  the  same  direction  for  considerable  lengths.  When  the  fibrillae  have 
reached  a  certain  degree  of  definiteness  and  strength  the  process  of 
fibrillation  ceases,  and  the  remaining  cells  with  their  nuclei  remain  as 
fixed  connective  tissue-cells  (e).  They  lie  along  the  surface  of  the  fibrous 
bundles.  The  process  is  thus  completed — granulation-tissue  has  become 
cicatricial  tissue. 

The  formation  of  new  vessels  starts  as  soon  as  the  first  formative 
cells  are  developed.  It  proceeds  rapidly,  and  even  in  a  day  or  two 
multitudes  of  vascular  loops  are  already  produced.  They  bring  the 
granulations  the  nutriment  they  need,  and  supply  cells  to  fill  the  vacan- 
cies occasioned  by  absorption  of  the  first  leucocytes.  The  only  part 
taken  by  the  epithelioid  cells  in  vascularization  is — that  they  serve  to 
strengthen  the  thin-walled  new  capillaries,  by  disposing  themselves  along 
the  outer  surface  of  the  vessels.  It  is  possible  that  fibroblasts  may  now 
and  then  take  part  in  the  formation  of  new  vessels.  This  they  may  do 
by  attaching  themselves  to  the  budding  off-shoots,  and  thus  assuming  the 
form  of  buds  themselves.  By  excavation  of  their  contents  they  are  then 
converted  into  permeable  channels. 

Giant-cells,  when  they  are  present,  seem  to  play  no  special  part  in  the 
transformation  of  the  granulations.  They  form  fibrous  tissue  in  the  same 
manner  as  the  other  fibroblasts. 

[Ziegler  has  observed  the  process  of  scar-formation  from  granulation- 
tissue,  both  in  ordinary  granulations  and  by  the  cover-glass  method. 
The  latter  yields  preparations  which  are  better  than  any  sections, 
inasmuch  as  all  the  cells  and  cell-structures  remain  in  situ/  there  is  no 
possibility  of  disintegration  or  disturbance  of  the  natural  relations. 
Tillmann's  (loc.  cit.)  observations  agree  with  Ziegler's. 

The  assertion  is  often  made  (Billroth's  "  Surgical  Pathology,"  Rind- 
fleisch's  "  Pathological  Histology ")  that  granulation-tissue  passes  into 
spindle-celled  tissue.  This  is  only  partially  the  case.  Spindle-cells  are 
formed  often  enough,  but  the  cells  are  just  as  often  of  many  diverse  shapes. 

The  granulations,  when  they  are  first  formed,  are  nourished  by  the 
plasma  which  escapes  from  the  existing  vessels.  Thiersch  has  shown 
that  the  spaces  in  which  this  circulates  among  the  granulations  may  be 
injected  from  the  blood-vessels.  This  mode  of  nutrition  is,  however,  in. 
adequate  for  the  complete  formation  of  the  embryonic  tissue  ;  new  vessels 
are  therefore  required. 
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Ziegler  {loo.  cit.)  and  Brodowski  ("  Virch,  Arch.,"  vol.  Ixiii.)  have  de- 
scribed a  special  relation  of  the  giant-cells  to  the  process  of  vasculariza- 
tion, but  this  is  no  longer  maintained.] 

110.  The  constructive  processes  taking  place  in  the  wound  are  com- 
pleted when  the  cicatricial  fibrous  tissue  is  formed.  The  subsequent 
changes  are  limited  to  a  certain  amount  of  shrinking  or  contraction  in  the 
new  tissue,  and  the  suppression  of  some  of  the  new  blood-vessels.  The 
scar,  which  from  its  vascularity  is  at  first  decidedly  redder  than  its  sur- 
roundings, begins  to  pale  ;  and  at  length  becomes  paler  and  whiter  than 
its  surroundings.  A  depression  frequently  results  from  the  shrinking  of 
the  cicatricial  tissue.  The  smaller  the  wound  the  smaller  and  less  marked 
is  the  scar. 

This  form  of  healing,  in  which  the  wound  is  closed  by  means  of  its 
own  granulations,  is  called  healing  by  second  intention.  Healing  by 
first  intention  occurs  when  two  wounded  surfaces  come  into  contact 
and  grow  together  without  the  intervention  of  visible  granulations.  In 
principle  the  process  is  the  same  as  in  the  first  case.  An  inflammatory 
infiltration  is  produced,  and  in  this  new  vessels  and  new  fibrous  tissue  are 
developed.  The  difference  is  merely  quantitative.  In  skin-wounds,  for 
example,  the  exudation  and  granulations  are  so  insignificant  in  amount 
that  they  are  imperceptible  ;  they  are  very  quickly  bridged  and  covered 
over  by  regenerative  multiplication  of  the  epidermal  cells. 

The  chronic  inflammatory  processes  leading  to  fibrous  hyperplasia  fol- 
low in  general  the  same  course  as  when  new  tissue  is  being  formed.  In 
different  organs,  however,  there  are  special  peculiarities  to  be  noted.  They 
will  be  treated  of  in  considering  the  special  pathology  of  the  several  organs, 

111.  While  cicatricial  tissue  is  forming  in  an  organ  by  means  of 
granulations,  it  usually  happens  that  the  fixed  tissue-cells  also  begin 
to  multiply  by  subdivision.  The  extent  to  which  this  multiplication  goes 
on,  and  the  share  it  contributes  to  the  final  result,  are  by  no  means 
constant.  But  they  are  by  no  means  negligible,  especially  in  long-con- 
tinued inflammations.  Hence  the  different  importance  assigned  to  such 
cell-multiplication  by  different  observers.  Some  ascribed  all  formation  of 
new  tissue  to  it,  denying  the  existence  of  the  inflammatory  process 
above  described.  Others  allow  it  small  significance,  or  ignore  it  al- 
together. The  truth  is  probably  this — that,  accompanying  the  inflam- 
matory constructive  process,  there  is  always  some  regenerative  prolifer- 
ation in  the  tissue,  and  that  this  is  in  inverse  relation  to  the  severity  of 
the  inflammation.  Epithelium  is  a  tissue  which  cannot  be  reproduced 
by  means  of  granulations  ;  it  can  be  reproduced  only  by  regenerative 
proliferation.  Other  specially  differentiated  tissues,  such  as  muscles, 
nerves,  bones,  vessels,  are  in  the  same  case.  These,  if  replaced  at  all, 
must  be  replaced  by  regeneration  starting  in  pre-existing  homologous 
tissues.  Cicatricial  tissue  pure  and  simple  is  therefore  devoid  of  all  such 
specialized  structures,  with  the  one  exception  of  vessels. 


INFLAMMATION    AND    INFLAMMATORY    GROWTHS.  157 

If  we  were  to  define  granulation-tissue  according'  to  its  apparent 
purpose  we  might  say  that  it  is  a  structure  fashioned  out  of  the  cellular 
material  gathered  by  the  blood  from  the  system  in  general,  and  utilized 
to  make  good  a  defect  which  the  fixed  tissue-cells  of  the  injured  region 
are  unable  to  repair.  This  final  purpose,  unfortunately  for  teleology, 
only  appears  in  the  process  by  which  wounds  are  repaired.  It  is  not 
apparent  in  the  fibrous  hyperplasias  of  glandular  organs,  or  in  the  for- 
mation of  adhesions  and  false  membranes  ;  but  the  mechanism  is  the 
same. 


CHAPTEK   XXin. 

BIPEEFECT  EE-ABSOEPTION— FOEEIGN   SUBSTANCES. 

112.  The  re-absorption  of  inflammatory  exudations  is  not  always  so 
complete  as  we  have  hitherto  assumed  (Art.  104).  Though  it  is  true 
that  in  most  cases  even  exudations  containing  numerous  corpuscular  ele- 
ments are  sooner  or  later  absorbed,  still  there  are  limitations  to  this ;  or 
it  may  be  that  circumstances  arise  which  directly  check  or  hinder  the 
process.  If  re-absorption  {or  briefly  resorption)  does  not  ensue,  further 
changes  take  place  in  the  exudation,  whether  it  be  an  effusion  into  a 
cavity  or  an  infiltration  of  a  tissue.     The  commonest  result  is  condensa- 


^   ^  ^^ 


Fig.  26. — Pus-cells  becoming  fatty  and  shrinking,  x  400.  a,  pus-cell  in  solution  of  common  salt ;  6, 
pus-cell  treated  with  acetic  acid  ;  6;,  so-called  granulation-cell ;  c.  shrunken  pus-cells ;  c^,  shrunken  and 
fatty  pus-ceU  ;  d,  pus-cells  that  have  become  fatty  and  broken  up  (Gluge's  corpuscles). 


tion,  depending  on  loss  of  water  and  caseation.  In  purulent  effusions, 
for  example,  the  pus-cells  undergo  fatty  changes  (Fig.  26,  d,  "  Gluge's 
corpuscles  ").  They  then  shrink  and  break  up,  so  that  presently  all  that 
is  left  is  a  mass  of  small  irregular  lumps  (c  and  Cj),,  and  granular  detritus 
((?g).  The  vpatery  parts  of  the  exudation  being  more  or  less  absorbed, 
these  products  of  disintegration  form  a  creamy  or  cheesy  pulp.  Fibrin- 
ous effusions  may  also  be  transformed  into  a  mass  of  cheesy  detritus. 
These  not  infrequently  become  calcified  as  time  goes  on. 

Condensed  effusions  of  this  kind  may  long  resist  resorption.  It  often 
happens  that  they  cannot  be  removed  in  this  way  at  all.  Infiltrated  tis- 
sues which  have  necrosed  may,  in  like  manner,  resist  resorption,  and  so 
persist  for  an  indefinite  time.  Dead  bone  and  fascia  especially,  which  are 
hard  to  liquefy  or  disintegrate,  may  long  be  retained.     But  softer  tissues 
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may  likewise  become  incapable  of  resorption,  when  necrosis  has  resulted 
in  their  caseation  or  mummification. 

113.  Tissues  which  have  been  killed  by  the  original  injury  or  by  the 
subsequent  inflammation,  and  inflammatory  exudations,  are  no  longer 
parts  of  the  organism.  They  are  foreign  SUlJStances,  and  they  act  as 
such.  In  other  words,  they  set  up  and  maintain  inflammation  in  their 
neighborhood.  They  act  like  foreign  bodies  thrust  forcibly  into  the  tis- 
sues from  without.  Necroses  other  than  inflammatory,  such  as  those  re- 
sulting from  ischsemia,  and  hemorrhagic  effusions  or  extravasated  blood 
which  has  become  necrosed,  all  act  in  the  same  way  as  foreign  substances. 
To  the  tissue  affected  by  them  it  matters  nothing  whether  they  once  be- 
longed to  the  organism  or  not.  It  is  of  more  importance  to  consider  the 
physico-chemical  nature  of  the  foreign  substance.  This  it  is  which  de- 
termines the  intensity,  the  extent,  the  general  character  of  the  inflamma- 
tion induced. 

The  great  importance  of  the  inflammations  excited  by  such  dead  or 
foreign  substances  makes  it  absolutely  essential  to  have  a  clear  concep- 
tion of  their  nature.  And  we  must  in  especial  discover  the  characteris- 
tics of  the  inflammation  set  up  when  the  foreign  substances  are  of  cor- 
puscular size.  Stated  generally,  we  may  put  it — that  in  such  a  case  we 
have  in  addition  to  the  ordinary  phenomena  of  inflammation  other  pro- 
cesses whose  object  is  the  removal  of  the  foreign  substance.  The  pecu- 
liarities of  special  cases  depend  on  the  physico-chemical  nature  of  the 
substance. 

Foreign  substances  may  be  divided  into  two  groups  : — those  which 
have  but  a  slight  effect  or  none  in  altering  the  surrounding  tissue,  and 
those  which  act  destructively  and  excite  violent  inflammation.  Among 
the  first  group  are  some  substances  easily  absorbed,  and  others  which  are 
absorbed  with  difficulty. 

114.  The  easily  absorbed  substances  include  liquids  and  small  solid 
matters  which  have  no  intense  chemical  action  on  the  surrounding  tissue. 
Of  this  latter  kind  are,  for  example,  cinnabar,  which  is  rubbed  into  the 
skin  in  tattooing  ;  the  dust  of  coal,  lime,  or  iron,  which  is  inhaled  and 
passes  from  the  alveoli  into  the  lung-tissue  ;  and  lastly,  fatty  and  disin- 
tegrated exudations,  sgftened  and  disintegrated  tissues,  and  such  like. 

The  effects  produced  in  the  organism  by  small  corpuscular  bodies  of 
the  above  kinds  are  not  serious.  Perceptible  inflammatory  changes  are 
brought  about  only  when  large  quantities  of  them  are  present  together; 
their  effects  are  thus  integrated  as  it  were. 

Most  of  the  pulverulent  or  corpuscular  matters  referred  to  are  removed 
from  the  tissue  containing  them  by  resorption.  If  they  lie  within  a  liquid 
exudation  (as  do  fatty  pus-cells  or  free  oil-globules)  they  may  be  taken 
up  along  with  it  into  the  lymphatics,  and  so  carried  off.  A  large  number 
of  them  would  still,  however,  remain,  if  another  means  were  not  at  hand 
for  disposing  of  them.  The  additional  resource  is  brought  into  play  by 
the  mild  inflammation  which  the  foreign  substance  excites.     The  agents 
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are  the  white  blood-cells  which  thereupon  migrate  from  the  blood-vessels. 
These  migratory  cells  appropriate  the  foreign  substances  lying  in  the 
tissue  (Fig.  27,  A,  h^,  h^,  h^.  They  let  their  protoplasm  flow  round  them, 
and  so  take  them  up  into  their  interior.  By  frequent  repetition  of  this 
process  granule-carrying  cells  are  produced.  According  to  their  con- 
tents, these  have  been  variously  described  as  fat-granule  carriers  (A^), 
blood-cell  carriers  {h^,  pigment-granule  cells  (Fig.  28,  c),  dust-cells,  cin- 
nabar-carrying spherules,  etc.  In  cerebral  degenerations,  we  constantly 
find  cells  containing  granules  and  minute  drops  (Fig.  27,  h^,  hj ;  these 


Fig.  27. — Section  through  a  Degenerating  Patch  from  the  Brain,  y  200.  (Osminm  preparation.)  a, 
blood-vessel  filled  with  blood  ;  6,  tunica  media;  c,  adventitia  with  its  lymph-sheath  ;  d.  unaltered  neuroglia- 
cells:  e,  fatty  nouroglia-cells ;  /,  binuclear  neuroglia-oells ;  g,  sclerosed  tissue;  //.  round  cells ;  Aj,  round- 
cells  containing  single  oil-globules;  Aj,  fat-granule  carriers;  A3,  pigment-granule  cells,  some  containing 
blood-ceUs. 


are  migratory  cells,  which  have  taken  up  some  of  the  products  of  disinte- 
gration of  the  brain-substance. 

The  carrier-cells  ultimately  reach  the  lymphatics.  Thus  in  the  brain 
they  accumulate  in  the  lymph-spaces  surrounding  the  adventitia  of  the 
arteries  (Fig.  27,  c).  Hence  they  are  carried  on  by  the  lymph-current,  and 
at  length  reach  the  lymphatic  glands.  Here  they  are  retained  for  a  time, 
and  ultimately  filtered  away — at  least  in  part.  In  Fig.  28  is  represented 
a  lymphatic  gland  infiltrated  with  pigment-carrying  cells  ;  these  were  de- 
rived from  an  extensive  hemorrhage  which  had  undergone  resorption. 
The  pigment-carriers  for  the  most  part  remain  within  the  lymph-sinuses ; 
only  a  few  have  penetrated  the  follicles.  The  greater  portion  of  the  for- 
eign substance  absorbed  usually  remains  in  the  lymphatic  gland;  but  it 
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may  happen  that  a  part  filters  through  it  and  reaches  the  next  gland,  or 
ultimately  the  blood-vessels.  A  considerable  quantity  of  corpuscular  for- 
eign matter  can  in  this  way  be  removed.  Often,  however,  the  absorption, 
is  inadequate,  and  a  portion  of  the  substance  remains  in  loco. 

Foreign  substances  may  be  deposited  along  the  walls  of  the  lympha- 
tics as  well  as  in  the  glands.  The  granules  inclosed  in  the  carrier-cells 
are  set  free  as  the  cells  decay.  Hence  it  often  happens  that  lymphatics, 
which  have  conveyed  away  quantities  of  pigmented  substance,  show 
traces  of  pigmentation  all  along  their  course.  This  happens  likewise  in 
the  corresponding  glands.  The  deposits  may  even  excite  the  respective 
tissues  to  inflammatory  hyperplasia. 


Tig.  28. — Section  of  a  Lymphatic  Gland  whose  Sinuses  and  Alveoli  contain  Pigment-granule  Cella.     x  80, 
(Carmine  staining.)     a,  follicle  ;  b,  trabeculse  ;  c,  pigment-granule  cells. 

The  above  process  is,  of  course,  only  carried  out  in  its  entirety  when 
the  foreign  substances  are  insoluble  and  indestructible.  Soluble  and  de- 
structible matters  like  chalk,  fat,  myeline,  are  sooner  or  later  dissolved  or 
attacked  ;  the  agency  of  the  cells,  of  oxygen,  or  of  non-organized  fer- 
ments completes  their  destruction. 

[References  : — Virchow's  "  Cellular  Pathology  ;  "  Ponfick,  "  Virch. 
Arch.,"  vol.  xlviii.;  Rindfleisch,  "  Exper.  ub.  d.  Histol.  des  Blutes,"  1863  ; 
Orth,  "Virch.  Arch.,"  vol.  Ivi. ;  Bizzozero,  "Med.  Jahrb.,"  1872.] 


115.  The  process  of  resorption  and  the  associated  inflammation  are 
somewhat  different  in  character  when  the  foreign  substance  forms  a  com- 
pact mass,  offering  more  or  less  resistance  to  removal.  Such  are,  for  ex- 
ample, ligatures,  drainage-tubes,  ivory  pegs,  leaden  pellets,  necrosed  bone, 
compact  hemorrhagic  patches,  hsematomata  and  infarcts,  thrombi,  coagu- 
lated or  condensed  exudations,  necrotic  cheesy  masses,  etc. 

All  of  these  excite  in  the  surrounding  tissue  a  certain  amount  of  in- 
flammation, though  its  intensity  is  very  various.  If  the  foreign  body  is 
quite  insoluble  in  the  juices,  as  glass  is,  and  if  the  introduction  of  it  is 
unaccompanied  by  any  injury  to  the  tissues  among  which  it  lies  {e.g.,  in 
11 
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the  abdominal  cavity,)  then  the  effect  may  be  almost  nothing.  Bodies 
which  are  soluble,  and  undergo  chemical  changes  in  the  tissues,  usually 
irritate  them  much  more,  and  the  inflammatory  processes  excited  are  gen- 
erally intense.  This  is  also  true  of  bodies  (like  bullets)  which  produce 
laceration  as  they  penetrate  the  tissue. 

The  first  stage  is  the  formation  of  a  zone  of  inflammatory  infiltration 
around  the  foreign  body.  This  is  followed  by  the  development  of  gran- 
ulation-tissue, and  at  length  of  fibrous  tissue.  If  the  foreign  body  is  not 
meanwhile  absorbed,  it  thus  becomes  encapsuled.  Only  insoluble  and 
compact  bodies  can  remain  quite  unaltered,  for  resorption  is  as  it  were 
attempted,  even  though  it  be  in  vain.  Bodies  which  are  at  all  assailable 
are  sure  sooner  or  later  to  undergo  changes.  These  ensue  as  follows  : 
the  migratory  leucocytes,  transformed  into  uninuclear  or  multinuclear 
formative  cells,  attach  themselves  to  the  surface  of  the  object.  If  this 
be  made  up  of  smaller  parts,  or  if  particles  of  necrosed  tissue  be  min'gled 
with  it  (such  as  decomposed  blood  in  hemorrhagic  patches),  these  are 
taken  up  by  the  cells  and  carried  off  in  the  manner  set  forth  in  Art.  114. 
If  the  body  be  compact  and  not  to  be  broken  up,  the  cells  cling  to  its 
surface.  If  there  be  accessible  cavities  or  clefts  in  it,  they  penetrate  into 
these.  If  the  cells  be  insufficiently  nourished,  they  become  fatty  and 
die.  If  new  vessels  are  formed  to  supply  them,  they  develop  as  granula- 
tions. Very  often  indeed  multinuclear  or  giant-cells  are  found  in  such 
circumstances.  A  dead  piece  of  bone  inserted  under  the  skin  of  an  animal, 
and  examined  a  few  weeks  after,  will  be  found  interpenetrated  with  vas- 
cular granulations,  and  the  trabeculse  will  be  beset  in  many  places  with 
giant-cells.  The  whole  process  is  very  similar  to  that  of  physiological 
bone-resorption.  By  means  of  the  clinging  cells  blood-clots,  necrotic 
patches,  inserted  pieces  of  dead  liver  or  lung,  ligatures,  etc.,  are  absorbed 
amid  the  granulations.  They  are  partly  softened  and  dissolved,  partly 
broken  up  and  carried  away. 

This  process  is  peculiarly  modified  when  the  foreign  substance  is  firmly 
connected  with  the  surrounding  tissue  ;  when  it  is  in  fact  a  necrosed  frag- 
ment of  the  tissue  itself,  such  as  bone  or  kidney.  In  this  case  the  first 
step  is  the  separation  of  the  living  tissue  from  the  dead.  At  the  common 
boundary  of  the  two  an  inflammatory  zone  is  formed,  which  by  the  soft- 
ening and  resorption  of  the  border-tissue  leads  to  the  loosening  of  dead 
from  living.  This  zone  is  called  the  zone  of  demarcation  |  the  loos- 
ened piece  is  a  sequestrum.  The  sequestrum  is  by  and  by  broken  up 
and  absorbed.  If  it  lies  on  the  surface  it  is  thrown  off  as  a  slough  j  it 
leaves  an  ulcer  behind  it. 

A  further  modification  ensues  when  the  foreign  substance  simply  lies 
on  the  surface  of  an  organ.  This  occurs,  for  example,  in  the  fibrinous 
effusions  which  form  on  the  surface  of  the  pleura.  The  deposit  is  in  this 
case  invaded  by  granulations  and  cicatricial  tissue  from  one  side  only. 
If  it  lies  between  two  separate  organs  or  lobes  it  may  be  invaded  from 
both  sides. 
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[Langhans  ("  Virch.  Arch.,"  vol.  xlix.)  was  the  first  to  describe  minute- 
]v  the  processes  by  which  the  larger  foreign  bodies  are  absorbed.  He 
pursued  the  subject  experimentally  by  producing  extravasations  of  blood 
in  various  animals.  He  thus  discovered  the  giant-ceils.  Heidenhain  ("In. 
Diss.,"  Breslau,  1S72)  also  found  them  in  pieces  of  elder-pith,  which  he  had 
inserted  in  the  abdominal  cavity  of  animals.  Ziegler  always  met  with 
them  on  the  surface  of  his  cover-glasses  (Art.  108).  By  introducing  bits 
of  boiled  bone  into  the  abdomen  of  animals,  he  found  that  granulations 
always  penetrated  to  the  interior,  and  that  large  osteoclasts  or  resorp- 
tion-cells  (with  one  or  many  nuclei)  were  developed  in  contact  with  the 
bone.  Senftleben  ("  Virch.  Arch.,"  vol.  Ixxvii.)  and  Tillmanns  ("  Virch. 
Arch.,"  vol.  Ixxviii.)  have  gone  further  into  the  matter,  and  find  that 
hardened  aseptic  animal  tissues,  such  as  bits  of  liver,  kidney,  or  lung, 
are  partly  absorbed  and  partly  adhere  and  heal  in.  Fresh  tissues  are 
absorbed  faster  than  hardened  tissues.  Hegar  ("  Klin.  Vortrage,"  No. 
109)  and  Rosenberger  ("  Langenbeck's  Arch.,"  xxv.)  have  shown  that 
absorption  is  most  speedy  in  the  case  of  tissues  taken  quite  fresh  from 
a  living  organ,  and  introduced  into  the  body.  The  inflammatory  re- 
action is  very  slight  and  ends  with  the  process  of  resorption.  The  re- 
sorption of  bone  has  excited  special  attention.  Kolliker  ("Die  normale 
Resorption  des  Knochengewebes,"  Leipzig,  1873)  and  Wegner  ("  Virch. 
Arch.,"  vol.  Ivi.)  have  studied  it  minutely.  They  as  well  as  others  have 
made  out  this  process  to  be  something  quite  peculiar.  Ziegler  ("Virch. 
Arch.,"  vol.  lxxiii.)has  sought  to  do  away  with  the  attempted  isolation  of 
the  process,  and  to  put  bone-resorption  on  a  level  with  other  resorptions. 
He  thinks  it  possible  to  view  all  processes  of  resorption  from  the  same 
stand-23oint.  In  every  case  the  process  is  carried  out  with  the  purpose  of 
removing  from  the  organism  a  substance  which  is  foreign  and  useless  to 
it.  Giant-cells  are  very  usually  formed  in  such  circumstances,  and  it  is 
possible  that  they  take  up  the  soluble  parts  of  a  tissue  when  it  under- 
goes liquefaction.  But  resorption  is  not  confined  to  their  agency  ;  it  goes 
on  where  they  are  absent.  It  remains  a  remarkable  fact  that  they  should 
so  frequently  be  found  on  the  surface  of  solid  objects.  It  is  perhaps 
conceivable  that  the  contact  of  the  cell  with  a  foreign  body  hinders  in 
some  way  the  process  of  cell-division,  without  affecting  the  subdivision 
of  the  nucleus. 

It  has  long  been  known  that  foreign  bodies  may  "  heal  into  "  a  tissue. 
Details  of  the  histological  process  will  be  found  in  the  memoirs  quoted 
above.  Hallwachs  has  lately  published  some  observations  on  the  subject 
("  Langenbeck's  Arch.,"  xxiv.).] 

116.  Many  foreign  substances,  and  especially  certain  altered  organic 
products,  have  a  far  more  baneful  effect  on  the  surrounding  tissues  than 
any  we  have  yet  considered.  Such,  in  a  high  degree,  is  dead  tissue 
which  from  contamination  with  septic  matters  has  passed  into  a  state  of 
putrid  decomposition. 
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In  the  course  of  this  decomposition  various  chemical  compounds  are 
formed  which  act  harmfully  on  the  tissue  (Art.  43),  and  set  up  in  it  pro- 
gressive destructive  changes,  and  violent  hemorrhagic  or  purulent 
inflammation.  Under  the  action  of  the  pus-cells,  which  form  in  great 
quantity,  and  of  the  septic  ferments,  the  necrosed  tissue  becomes  dis- 
solved. If  it  is  connected  with  living  tissue,  a  suppurative  zone  of 
demarcation  is  formed  and  sets  it  free  ;  the  result  is  a  cavity  filled  with 
pus — an  abscess.  The  process  often  continues,  the  infiltration  ancj 
dissolution  of  tissue  go  on,  and  the  abscess  grows  larger  and  larger. 

If  decomposing  matter  from  the  abscess  reach  the  blood-vessels  or 
lymphatics,  and  is  so  conveyed  to  other  regions,  it  may  lead  to  putrid 
decomposition  and  purulent  inflammation  at  the  spots  where  it  lodges. 
In  this  way  metastatic  abscesses  are  formed. 

If  the  inflamed  region  be  near  a  free  surface  and  at  length  breaks 
through  it,  we  have  a  suppurating  ulcer  formed. 

Should  death  not  result  from  this  destructive  suppuration  or  purulent 
necrosis,  the  injury  done  may  be  repaired  by  the  formation  of  granulation- 
tissue  at  the  boundary  of  the  living  tissue  and  the  dead.  In  the  course 
of  time  the  pus  secreted  may  be  absorbed,  or  solidified  and  encapsuled. 


CHAPTER  xxry. 

THE  INFECTIVE  GilAmJLOMATA. 
General  Characters. 

117.  The  granulative  formations  we  are  about  to  discuss  are  all  distin- 
guished by  similar  characters.  Their  development  usually  stops  short  at 
the  fibroblast  stage,  and  having  reached  it  (or  even  before  that)  the  con- 
structive process  gives  place  to  retrogressive  changes.  Cicatricial  de- 
velopment being  arrested,  the  granulation-tissue  persists  for  a  time  un- 
modified, and  often  develops  to  a  considerable  amount.  For  this  reason 
Virchow  described  the  formations  as  granulative  grcwths  orgranulo- 
mata.  All  these  growths  have  furthermore  the  clinical  character  of  infec- 
tiveness.  Hence  they  have  been  termed  infective  growths  by  Klebs 
and  Cohnheim,  and  specific  inflammations  by  Rindfleisch. 

Their  infective  character  may  be  recognized  by  various  signs.  Thus 
they  are  all  locally  invasive,  i.e.,  the  granulation-tissue  spreads  cen- 
trifugally  from  a  centre  into  the  surrounding  structures.  At  the  same 
time  the  central  (or  oldest)  part  of  the  new  formation  usually  dies  and 
disintegrates.  In  many  cases  the  lymphatic  system  becomes  affected,  so 
that  secondary  granulative  foci  are  formed  in  it.  From  the  lymphatics 
the  process  is  at  times  transferred  to  the  blood  ;  or  it  may  invade  the 
blood-vessels  directly.  The  final  result  is  the  spread  of  the  disorder  to 
various  organs,  or  throughout  the  system. 

In  most  of  the  granulomatous  disorders  we  may  have  not  merely  a  diffu- 
sion of  the  disease  throughout  the  individual  organism,  but  also  a  transfer- 
ence of  it  from  one  individual  to  another  ;  the  affection  is  inoculable. 
If  one  person  be  inoculated  with  the  inflammatory  products  derived 
from  another,  he  acquires  a  disease  whose  course  is  exactly  similar  to 
that  of  the  original  one,  and  which  yields  identical  inflammatory  products. 
This  latter  character  of  infectiveness  is  that  by  which  it  is  most  readily 
recognized. 

To  this  group  of  infective  granulomata  belong  the  neoplastic  forma- 
tions found  in  tuberculosis,  syphilis,  leprosy,  lupus,  glanders,  and  acti- 
nomycosis. All  these  affections  are  due  to  the  invasion  of  the  body  by 
a  virus  or  poison  derived  from  the  outer  world,  or  from  the  body  of 
another  individual.  This  virus  may  probably  be  produced  by  vegetable 
parasites.     In  leprosy  (Armauer  Hansen,  Neisser),  tuberculosis  (Koch), 
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and  syphilis  (Klebs)  bacteria  have  been  found,  and  in  actinomycosis  a 
special  fungus.  These  are  declared  to  be  the  originating  causes  of  thfe 
respective  diseases.  Our  ideas  as  to  the  nature  and  character  of  these 
affections  are  as  yet  mainly  based  upon  their  clinical  course  ;  but  we 
have  also  derived  something  from  inoculation-experiments.  Tuberculosis 
and  syphilis  are  thus  known  to  be  communicable  from  one  person  to 
another  ;  tuberculosis  is  also  communicable  from  man  to  lower  animals. 

[It  was  Virchow  who  invented  the  term  "  granulative  growth "  oi 
"granuloma"  for  these  formations,  which  he  was  the  first  to  define  ac- 
curately ("  Die  krankhaften  Geschwiilste,"  ii.).  He  set  it  down  as  char- 
acteristic of  them — that  they  usually  fail  to  develop  beyond  the  stage  of 
granulation-tissue  ;  that  this  is  unstable  in  character  ;  and  that  the 
regular  issue  is  in  ulceration.  He  laid  stress  on  their  near  alliance  to 
the  products  of  inflammatory  processes.  Klebs  {"  Prager  Vierteljahrs- 
schr."  vol.  cxxvi.)  called  such  growths  "infective  growths  or  tumors," 
and  the  name  has  been  adopted  by  Cohnheim.  Neither  description  is 
exactly  adequate.  .  Virchow's  takes  no  account  of  their  infective  char- 
acter ;  Klebs's  bears  no  reference  to  their  structure.  As  it  is  by  no 
means  certain  that  there  are  no  other  new  formations  of  infective  origin, 
some  apter  designation  seems  called  for.  Even  Rindfleisch's  term  "speci- 
fic inflammation  "  is  too  indefinite,  for  it  might  perfectly  well  apply  to  a 
number  of  other  processes,  such  as  those  of  pyaemia,  erysipelas,  variola, 
etc.  In  this  book  the  term  "  infective  granuloma  "  will  be  used  ;  this 
serves  to  keep  in  view  both  the  structure  and  the  clinical  character  of 
the  morbid  formations  in  question.] 

Tubercle  and  Tuberculosis. 

118.  The  structure  characteristic  of  tuberculosis  is  the  tubercle,  or 
tuberculous  nodule.  The  notion  of  tuberculosis  is  thus  primarily  an 
anatomical  one — tuberculosis  is  a  tubercular  {i.e.,  nodular)  disease. 

Of  course  it  does  not  follow  conversely — that  every  nodular  growth 
found  in  the  organism  implies  tuberculosis  ;  the  special  nodule  of  tuber- 
culosis, the  tubercle  ^:)ar  excellence,  is  a  structure  of  definite  and  special 
constitution.  Virchow  ("Die  krankhaften  Geschwiilste,"  ii.,  636)  de- 
scribes a  freshly  formed  tubercle  as  a  small  gray  translucent  nodule,  not 
exceeding  a  millet-seed  in  size,  mainly  composed  of  cells,  and  developed 
from  connective  tissue.  The  cellular  elements  (he  adds)  are  essentially 
similar  to  those  of  lymphatic  glands  ;  they  are  round  cells  of  various 
sizes,  some  of  them  Mke  white  blood-cells,  some  larger,  some  smaller. 
Their  nuclei  are  homogeneous  and  bright,  small  and  spherical  or  large 
and  oval,  vesicular,  and  transparent  ;  they  contain  nucleolar  corpuscles. 
The  larger  cells  often  contain  two  nuclei,  and  frequently  more,  to  the 
number  of  twelve  or  over.  Between  the  cells  are  found  fibrous  filaments 
arranged  in  a  network  and  sometimes  vessels  also.     The  latter  are  never 
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new-formed;  they  existed  before  the  tubercle  was  developed,  and  lie 
within  the  tubercle  only  because  the  tubercle  has  grown  around  them. 
The  nodules  occur  either  singly  or  in  numbers  ;  or  they  may  be  grouped 
in  confluent  masses.  In  the  latter  case,  the  internodular  tissue  does  not 
remain  unchanged  ;  it  seems  made  up  of  imperfect  granulation-tissue,  or 
inflammatory  fibrous  hyperplasia  takes  place.  The  appearance  is  then 
rather  that  of  a  mass  of  compact  uniformly  diseased  tissue,  than  of  nor- 
mal tissue  containing  nodular  deposits. 

When  the  nodule  becomes  older,  the  centre  of  it  is  invariably  found 
to  be  caseated.  It  is  then  yellowish-white  and  opaque.  Under  the 
microscope  it  appears  as  a  granular  friable  mass,  while  the  periphery  still 
shows  its  cellular  constitution.  The  aggregations  of  cells  may  stretch 
out  in  various  directions  through  the  tissue,  as  if  the  nodule  threw  out 
pseudopodia. 

The  nodular  groups  undergo  caseation  like  the  single  nodules.  The 
internodular  granulation-tissue  also  becomes  cheesy,  so  that  at  length 
large  and  continuous  caseous  patches  are  formed.  It  is  much  rarer  to 
find  the  nodules  undergoing  fibrous  transformation.  Caseation  is 
characteristic  of  the  later  stages  of  the  tuberculous  nodule. 

[The  term  tubercle  {tuherculwn)  was  formerly  applied  to  all  varieties 
of  nodular  growth.  Baillie  (1794)  and  Bayle  (1810)  were  the  first  to 
direct  attention  to  the  gray  miliary  nodules  which  we  now  call  tubercles. 
Bayle  however  applied  the  term  to  other  growths  in  the  lung.  Laennec 
applied  it  mainly  to  the  cheesy  masses  found  in  phthisical  lungs.  Larger 
caseous  foci  and  caseous  lobular  infiltrations  were  also  described  as  tuber- 
culous. The  caseous  nodes  and  masses  were  simply  "  tubercles,"  the 
diffused  infiltration  was  "  tuberculous  infiltration,"  the  gray  nodules 
(or  true  granulative  tubercles)  were  "  miliary  tubercles."  Cheesy 
change  was  thus  made  the  main  characteristic  of  tuberculosis  ;  caseation 
was  spoken  of  as  "tuberculization,"  In  opposition  to  this  view,  Vir- 
chow  maintained  that  caseous  masses  might  arise  in  many  different  ways, 
and  hence  had  very  various  significance  in  different  cases.  He  laid  it 
down  that  the  anatomical  basis  of  tuberculosis  is  the  cellular  tubercle 
(Virchow,  loc.  cit.  /  Waldenburg,  "  Die  Tuberculose,"  Berlin,  1869  ; 
Grancher,  "  L'Union  med.,"  1881).] 

119.  We  may  define  a  tubercle,  then,  as  a  non-vascular  cellular  nodule, 
which  does  not  grow  beyond  a  certain  size,  and  at  a  certain  stage  of  its 
development  becomes  caseous.  This  definition  includes  all  that  we  can 
say,  in  general  terms,  of  tubercle  from  the  histological  point  of  view. 
The  histological  researches  of  the  last  fifteen  years  (by  Langhans, 
Schiippel,  Koster,  Rindfleisch,  Cohnheim,  Ziegler,  Klein,  Sanderson,  and 
others)  have  added  only  this — that  the  tubercle  possesses  in  many  cases 
a  special  structure,  and  that  certain  cell-forms  frequently  occur  in  it  and 
give  it  a  characteristic   appearance.     The  central    part  of  the  tubercle 
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usually  contains  giant-cells  (Fig.  29,  a).  These  possess  numerous 
nuclei,  which  are  not  uncommonly  arranged  round  the  periphery,  or 
gathered  together  at  one  pole  of  the  cell.  The  uninuclear  cells  are  partly 
lymphoid,  partly  larger  and  like  swollen  epithelial  or  endothelial  cells — 
these  are  called  epithelioid.  (Fig.  29,  b).  Giant-cells  and  epithelioid 
cells  are  marked  by  their  coarsely  granular  protoplasm,  and  large  vesi- 
cular oval  nuclei  with  clear  nuclear  juice  and  nucleoli.  The  round  or 
lymphoid  cells  (c)  are  finely  granular,  with  a  small  round  nucleus  in 
which  the  nuclear  juice  and  nuclear  substance  are  not  clearly  distin- 
guished. 


Fig.  29. — Tubercle  from  a  Fungating  Granuloma  in  Bone, 
cell ;  &,  epithelioid  cells ;  c,  lymphoid  cells. 


X  230.    (Aniline-brown  staining.)    a,  giant- 


These  cells  lie  in  a  stroma  which  in  many  cases  exhibits  a  reticular 
arrangement. 

120.  The  epitheloid  cells  and  giant-cells  have  been  thought  by  some 
to  be  characteristic  of  tuberculosis.  Many  writers  have  thus  come  to 
speak  of  specific  tubercle-cells,  and  have  based  the  diagnosis  of  tubercu- 
losis merely  on  the  presence  of  these  larger  varieties  of  cells.  This  is 
certainly  unjustifiable.  Such  cells,  indeed,  are  common  enough  in  tuber- 
culous affections,  but  they  are  by  no  means  exclusively  confined  to  them. 

All  inflammatory  tissue-formation  is  preceded  by  a  stage  in  which 
large  cells  are  developed.  It  is  very  easy  to  generate  experimentally  in 
such  formations  all  the  various  elements  found  in  tubercle,  and  especially 
the  giant-cells.  The  constituent  cells  of  tubercle  are  precisely  equivalent 
to  the  corresponding  cells  of  granulation-tissue.  All  the  evidence  points 
to  the  conclusion  that  tubercles  arise  in  the  same  way  as  granulations. 
The  chief  materials  are  derived  from  the  migrated  white  blood-cells  ;  and 
the  endothelial  cells  and  fixed  connective-tissue  cells  supply  only  a  minor 
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part.  So  far  as  the  cell-forms  are  concerned,  the  only  difference  between 
tubercle  and  granulation  is — that  in  tubercle  the  larger  cells  are  often 
found  in  relatively  greater  numbers. 

The  characteristic  features  of  tubercle,  therefore,  do  not  lie  in  the 
forms  of  its  cellular  elements.  As  has  been  already  said,  the  character- 
istic features  are  these  :  that  the  cells  form  a  definite  nodule,  which  does 
not  exceed  a  certain  size,  contains  no  new-formed  vessels,  and  in  conse- 
quence at  a  certain  stage  of  its  development  ceases  to  progress  ;  that  the 
nodule  thereupon  undergoes  retrogressive  changes,  and  becomes  fatty, 
necrotic,  and  caseous. 

If  this  proposition  be  duly  considered,  it  will  be  seen  that  the  diag- 
nosis of  tubercle  cannot  be  made  to  depend  on  anatomical  structure  and 
constitution  alone.  A  cellular  nodule  made  up  of  round-cells  only,  with- 
out a  single  giant-cell,  or  a  nodule  whose  general  texture  is  fibrous,  may 
perfectly  well  be  characterized  as  a  tubercle,  if  its  life-history  corresponds 
with  what  we  have  set  down.  As  an  actual  fact,  in  perfectly  typical 
cases  of  tuberculosis  we  may  find  such  nodules  close  by  others  that  con- 
tain giant-cells.  We  may  explain  the  occurrence  of  the  former,  by  sup- 
posing in  the  one  case  that  the  aggregated  round-cells  have  premature) v 
ceased  to  develop  or  have  not  yet  had  time  to  reach  their  full  develop- 
ment ;  in  the  other  case  the  fibroblastic  stage  (that  of  epithelioid  cells 
and  giant-cells)  has  been  exceptionally  transcended,  and  that  of  fibrous- 
tissue  formation  has  been  reached.  The  physiological  analogue  of  the 
last  is  of  course  the  transformation  of  granulations,  into  cicatricial  tissue. 

[According  to  the  recent  investigations  of  Koch  (Art.  127),  the  defi- 
nition of  tubercle  just  given  must  be  amended.  By  tubercle  we  are,  it 
seems,  in  future  to  understand — a  cellular  nodule  containing  within  it 
the  specific  tuberculous  virus,  the  Bacillus  tuberculosis  of  Koch. 

The  general  doctrine  of  tuberculosis  must  be  altered  in  many  points 
in  consequence  of  Koch's  discovery.  The  text  has  been  allowed  to  re- 
main as  representing  the  hitherto  accepted  doctrine,  and  as  containing 
what  is  probably  the  truth,  though  not  the  whole  truth. 

Langhans  was  the  first  to  examine  carefully  the  giant-cells  ("  Virch. 
Arch.,"  vol.  xlii.)  and  to  describe  their  forms.  Schiippel  ("  Untersuch. 
lib.  d.  Lymphdriisentuberculose,"  Tubingen,  1871),  maintained  that  they 
were  always  present  in  tuberculosis,  and  based  the  diagnosis  of  the  affec- 
tion upon  them.  Koster  ("Virch.  Arch.,"  vol.  xlviii.),  Buhl  ("Die 
Lungenentzlindung,"  Munich,  1872),  and  Rindfleisch  ("  Pathological 
Histology,"  i.,  136,  and  "  Ziemssen's  Cyclopa9dia,"  vol.  v.)  have  also  in- 
sisted on  their  importance  in  diagnosis.  The  latter  has  even  declared 
that  any  large-celled  infiltration  of  a  tissue  is  to  be  regarded  as  tubercu- 
lous or  scrofulous  in  character.  In  opposition  to  this  view  Hering 
("  Stud,  iiber  Tuberculose,"  Berlin,  1873),  has  disputed  the  specific  sig- 
nificance of  giant-cells  and  epithelioid  cells,  and  has  demonstrated  that 
thev  are  often  absent  in  undoubted  tubercles.     The  second  constituent 
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of  the  tubercle,  the  fibrous  reticulum,  has  been  investigated  by  Schiippel 
(loc.  cit.),  Wagner  ("Das  tuberkelahnliche  Lymphadenom,"  Leipzig, 
1871),  Klein  ("  Report  of  Med.  Officer  of  Privy  Council,"  1874).  Cornil 
and  Ranvier  ("Man.  of  Path.  Histology,"  vol.  i.,  1882),  maintain  that 
the  reticulum  is  produced  jwst  mortem  by  the  action  of  hardening  re- 
agents on  the  intercellular  substance.  For  further  references  to  the  his- 
tory of  the  question  the  student  may  consult  Treves  ("  Scrofula  and 
Tubercle,"  London,  1882),  Hamilton  {Practitioner,  1879-1881),  Klein 
{Practitioner,  1881),  Burdon  Sanderson  {Practitio7ier,  1882),  Gee  (Arti- 
cle "Tuberculosis:"  "  Quain's  Diet,  of  Medicine,"  1882). 

Ziegler  (",  Ueber  die  Herkunft  des  Tuberkelelemente,"  Wiirzburg,  1875, 
and  "Ueber  path.  Bindegewebsneubildung,"  187G)  has  sought  to  sliow 
that  neither  giant-cells  nor  epithelioid  cells  are  exclusively  confined  to 
tubercle,  but  are  to  be  found  in  all  granulations.  Between  the  latter  and 
tubercle  the  only  difference  is — that  in  healthy  granulations  the  multi- 
nuclear  cells  occur  but  sparingly,  while  in  tubercle  they  are  in  great  nuoi- 
bers  and  highly  developed.  In  tubercle  the  formative  material  is  abun- 
dantly provided  and  fibroblasts  produced,  but  they  are  not  utilized  for 
further  development  into  fibrous  tissue. 

The  giant-cells  of  granulation-tissue  are  to  be  distinguished  from  those 
which  arise  from  epithelial  cells.  When  tubercles  form  in  epithelial  ducts, 
such  as  those  of  the  liver  or  testis,  the  affected  epithelial  cells  seem  to 
coalesce  and  form  structures  much  resembling  the  giant-cells  of  granula- 
tions (cf.  Klein,  "  Lymphatic  System,"  part  ii.,  London,  1875).  They  have 
properly  nothing  to  do  with  the  formation  of  the  granulomatous  tubercle. 
They  are  accidental  consequences  of  the  locality  in  which  the  tubercle  is 
developed.  To  draw  conclusions  from  them  (as  do  Gaule,  "  Virch.  Arch.," 
vol.  xlix.,  and  Liibimow,  "  Virch.  Arch.,"  vol.  Ixxv.)  with  regard  to  the 
genesis  of  all  tuberculous  giant-cells  is  not  permissible.] 

121.  Diffusion  of  tubercle.  When  a  tuberculous  organ  is  examined 
we  do  not  usually  find  the  tubercles  in  their  earlier  stages  ;  they  have 
already  undergone  certain  advanced  changes.  Parenchymatous  organs 
contain  caseous  nodulated  patches  or  foci,  which  are  either  firm  and  com- 
pact in  texture,  or  are  already  softened  and  broken  down  toward  the 
centre.  In  surface-tissues,  ulcerations  are  produced  by  this  softening 
process, , and  their  edges  and  base  are  caseous.  The  caseated  tissue  passes 
at  its  boundaries  into  a  zone  of  gray  or  grayish-red  translucent  tissue,  re- 
minding one  exactly  of  granulation-tissue.  This  gray  or  grayish-red  tis- 
sue is  found  in  other  parts  of  the  affected  organ  in  the  form  of  larger  or 
smaller  patches  ;  these  often  quite  visibly  contain  small  gray  or  yellowish 
white  and  opaque  nodules. 

Lastly,  the  affected  organ  also  contains  small  gray  nodules  lying  in 
apparently  unaltered  tissue  ;  and  sometimes  surrounded  by  a  hyper^emic 
zone,  sometimes  not. 

The  gray  or  grayish-red  translucent   tissue,  whether  it  surrounds  the 
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caseous  focus,  or  forms  the  base  of  an  ulcer  (Fig.  31,  h  and  AJ,  or  occurs 
in  isolated  patches,  is  nothing  else  but  tissue  infiltrated  with  cells  ;  it  is 
granulation-tissue.  The  gray  and  the  yellow  nodules  are  fresh  or  "  crude  " 
tubercles  generally  containing  giant-cells  (Fig.  30,/"),  and  old  already 
caseated  tubercles  (Fig.  31,  ^,),  respectively.  The  gray  and  yellow  iso- 
lated or  aggregated  nodules  in  the  neighborhood  of  the  larger  patches 
are  of  the'same  character  (Fig.  30,  g,  and  Fig.  31,  i  and  i^. 

From  these   observations  we  may  gather — that  tubercles  sometimes 


Fig.  30 — Fungating  Granuloma  with  Tubercles  from  the  Calcaneum.  x  60.  (Hsematoxylin  staining.) 
a,  medullary  tissue  containing  fat ;  6,  blood-vessels ;  c,  bone  trabeculas  ;  rf,  osteoclasts  (Art.  115) ;  «,  gran- 
ulation-tissue ;  /,  tubercles  in  the  granulation-tissue,  some  containing  giant-cells ;  g,  isolated  tubercle. 

occur  aggregated  or  grouped  within  a  tissue  which  is  already  infiltrated 
with  cells  ;  and  that  the  affection  spreads  by  the  formation  of  fresh  no- 
dules in  the  neio;hborhood  of  the  old.     In  other  cases  arranulation-tissue 

'  and  fibrous  tissue  may  develop  between  and  around  the  aggregated  tu- 
bercles. The  process  may  thus  begin  with  an  eruption  of  tubercles,  or- 
with  a  more  diffused  inflammatory  infiltration.     These  propositions  prac-- 

I  tically  include  all  that  is  important  concerning  the  diffusion  of  tubercle- 
in  the  tissues. 


[It  is  not  usually  difficult  to  recognize  tubercles  in  the  substance  of 
tuberculous  granulation-tissue.  The  giant-cells  and  epithelioid  cells  seen 
in  microscopical  sections  do  not  take  color  nearly  so  well  as  the  small 
round-cells  which  form  the  main  component  of  the  tissue.  Three  zones 
are  usually  distinguishable  in  a  tubercle.  In  the  centre  lies  the  core  of 
aggregated  giant-cells  of  a  dark  or  dull  color.  Then  comes  the  zone  of 
faintly  stained  epithelioid  cells,  and  finally  at  the  periphery  the  zone  of 
deeply  stained  round-cells  ;  these  last  are  usually  deeper  in  tint  than  the 
granulation-cells  around  them.     When  the  middle  of  the  tubercle   has 
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already  become  caseous,  giant-cells  are  generally  to  be  made  out  here 
and  there  over  it. 

It  is  not  always  correct  to  say  that  tuberculous  patches  take  their 
rise  from  single  nodules.  The  formation  of  nodules  may  be  preceded  by 
a  diffused  infiltration,  or  even  the  development  of  granulation-tissue  ; 
the  nodules  only  making  their  appearance  as  secondary  growths.] 

122.  The  eruption  of  fresh  tubercles  in  the  neighborhood  of  an  exist- 
ing tuberculous  focus  is  usually  followed  sooner  or  later  by  the  appear- 
ance of  nodules  in  the  lymphatic  system.  The  nearest  lymphatics  are, 
of  course,  the  first  to  be  affected  ;  they  receive  their  lymph  from  the  re- 
gion primarily  affected.     Thus  in  tuberculous  ulceration  of  the  mucous 


Fig.  31. — Subepithelial  Tnberculons  Granulations  and  Discrete  Tubercles  in  the  Wall  of  the  Large  Intes- 
tine. X  30.  (Bismark-brown  staining.)  a.  mucosa  ;  b,  submucosa ;  c,  muscularis  interna  ;  rf.  musculai'is 
externa:  e.  serosa;./',  solitary  gland;  g,  mucosa  infiltrated  with  cells;  h,  tuberculous  ulcer;  Aj,  focus  of 
softening  or  tuberculous  abscess ;  i,  "  crude  "  or  fresh  tubercle ;  jj,  caseous  tubercle. 

and  submucous  coats  of  the  intestine,  first  the  lymphatics  of  the  muscu- 
lar coats  (Fig.  31,  c,  d)  are  infected,  and  then  those  of  the  serous  coat. 
In  this  way  strings  of  tubercles  may  be  formed  along  the  course  of  the 
vessels. 

From  the  nearer  lymphatics  the  eruption  may  pass  in  succession  to 
others,  and  at  length  approach  the  thoracic  duct.  More  frequently  the 
affection  is  not  uniformly  diffused  in  this  way,  but  attacks  certain  parts 
of  the  lymphatic  system  rather  than  others,  especially  those  through 
which  the  lymph  is  as  it  were  filtered,  namely  the  lymphatic  glands. 

It  is  in  the  glands  that  the  tuberculous  eruption  is  most  intense. 
Generally  the  process  makes  a  kind  of  halt  at  these  gland-stations  ;  but 
it  sooner  or  later  finds  opportunity  to  spread  onward,  and  at  length 
reaches  the  main  trunks  and  the  thoracic  duct  itself. 
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Wherever  the  tuberculous  process  has  become  established,  it  is  dis- 
tinguished by  the  development  of  tubercles,  and  this  in  the  lymphatic 
vessels  as  well  as  the  glands  (Fig.  32). 

A  more  or  less  intense  inflammation  of  the  surrounding  tissue  is 
alwavs  associated  -with  the  tubercular  eruption  ;  it  is  manifested  by  hy- 
persemia  with  infiltration  and  swelling.  If  the  process  last  for  a  certain 
time,  it  not  infrequently  happens  that  young  connective  tissue  is  devel- 
oped at  the  seat  of  the  eruption.  The  usual  fate  of  the  tuberculous 
growth  is  caseous  necrosis  and  disintegration.  It  rarely  issues  in  the 
formation  of  fibrous  tissue,  and  still  more  rarely  in  complete  resorption 
of  the  tubercle. 


Fig.  32. — Tuberculosis  of  a  Lymphatic  Gland,  x  150.  (Heematoxylin  staining.)  a,  large-celled  tuber- 
cle with  giant-cell  (c) ;  a^,  tubercle  with  central  caseation  and  giant-cells  (Cj) ;  a,  epithelioid  cells  lying 
outside  the  tubercles  in  the  adenoid  reticulum  (6)  of  the  gland  ;  e,  lymphoid  cells. 

123.  The  virus  which  engenders  tubercle  may  be  carried  out  of  the 
lymphatic  system  into  the  blood,  either  from  a  tuberculous  focus  in  a 
gland  or  a  tuberculous  ulcer  in  the  thoracic  duct.  It  may  thus  be  con- 
veyed to  distant  organs.  This  will  also  happen  when  the  virus  passes 
directly  from  a  tuberculous  focus  into  an.  artery  or  vein.  The  result  is 
an  eruption  of  new  tubsrcles  either  local  or  general. 

When  the  infection  of  the  blood  results  in  a  general  eruption  of  tuber- 
cles throughout  all  the  organs  or  in  most  of  them,  the  affection  is  called 
acute  miliary  tuberculosis.  The  various  organs  are  beset  more  or 
less  densely  with  minute  (miliary)  gray  or  translucent  nodules,  or  here 
and  there  with  yellowish-white  opaque  nodules  with  cheesy  centres. 
This  is  the  case  whether  the  affection  extend  to  several  organs  or  to  one, 
or  even  to  a  single  arterial  territory  within  an  organ. 

All  these  nodules  are  made  up  of  cells.     In  their  earliest  stages  they 
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are  nothing  but  little  heaps  of  small  round-cells  (Fig.  33,  h),  unquestion- 
ably derived  from  the  blood.  Many  foci  maintain  this  character  until 
they  are  mature  ;  all  the  cells  do  is  to  multiply.  In  other  cases  giant- 
cells  and  epithelioid  cells  (Fig.  32,  a)  are  developed.  In  these  cases,  as 
in  the  others,  the  nodule  ultimately  becomes  caseous.  Very  seldom  does 
fibrous  transformation  or  resorption  occur. 

Diffused  and  wide-spread  inflammatory  disturbance  of  the  circulation 
is  very  often  associated  with  the  eruption  of  the  nodules.  This  is  espe- 
cially the  case  in  the  pia  mater,  the  serous  membranes,  and  in  the  lungs, 
where  the  process  is  often  accompanied  by  copious  and  diffuse  exuda- 


FiG.  S3. — Miliary  Tuberculosis  of   the  Liver.    (Carmine  staining.)   a,  mature  tubercle  in  the  portal 
sheath  ;  6,  tubercle  beginning  to  develop  in  a  liver-cell. 

tion.  In  the  liver,  kidney,  thyroid  gland,  etc.,  on  the  other  hand,  the 
changes  elsewhere  than  in  the  immediate  neighborhood  of  the  nodules 
are  usually  but  slight. 


[Ziegler  has  investigated  the  development  of  miliary  tubercles  occur- 
ring in  very  diverse  structures,  and  maintains  that  their  basis  is  always  a 
collection  of  white  blood-cells  which  have  migrated  from  the  veins  and 
capillaries.  These  indeed  often  form  the  entire  mass  of  the  tubercle. 
In  other  cases  the  endothelia  contribute  something.  When  the  nodule 
has  reached  a  certain  size  it  becomes  difficult  to  make  out  certainly  the 
behavior  of  the  fixed  cells  of  the  tissues.  He  has  not  been  able  to  con- 
firm the  often-made  assertion  that  miliary  tubercle  is  specially  apt  to  de- 
velop round  the  smaller  arteries. 

The  direct  penetration  of  the  tuberculous  virus  into  the  blood-vessels 
may  be  the  result  of  tuberculous  change  in  their  walls.  If  a  consider- 
able number  of  sections  of  phthisical  lung  be  examined,  there  will  here 
and  there  be  found  vessels  whose  walls  are  the  seat  oi  tubercles.  If 
these  penetrate  the  intima,  they  may  then  break  into  the  blood-channel 


INFLAMMATION    AND    INFLAMMATORY    GROWTHS.  175 

directly.  Weigert  has  shown  that  large  venous  trunks  may  be  invaded 
in  this  way. 

There  are  two  reasons  for  the  fact  that  all  organs  are  not  simultane- 
ously and  equally  attacked  when  the  blood  is  infected  with  the  tubercu- 
lous virus.  One  is  that  the  virus,  though  it  is  circulating  in  the  blood, 
may  not  reach  all  the  organs  alike.  The  other  is  that  all  the  organs  are 
not  equally  predisposed  to  'infection.  The  skin,  for  instance,  seems  to 
enjoy  almost  perfect  immunity. 

General  miliary  tuberculosis  is  not  an  inevitable  result  of  tuberculosis 
occurrino-  in  an  organ.  The  rule  rather  is  that  the  tuberculous  process 
does  not  extend  beyond  the  boundaries  of  the  organ  primarily  affected, 
and  the  lymphatic  glands  pertaining  to  it.  What  most  commonly  leads 
to  general  infection  of  the  blood  is  the  disintegration  of  caseous  tubercu- 
lous glands.] 

124.  Tubercle  may  be  disseminated  in  other  ways,  and  independently 
of  the  lymphatics  and  blood-vessels.  Consider,  for  example,  the  mode  in 
which  it  spreads  on  the  surface  of  mucous  membranes.  It  is  easy  to 
verify  that  solitary  nodules,  as  well  as  tuberculous  patches  and  ulcers  of 
larger  size  developed  in  mucous  membrane,  do  not  long  remain  isolated, 
but  soon  give  rise  to  new  foci.  These  are  situated  not  merely  in  the 
immediate  neighborhood  of  the  first,  but  often  at  a  considerable  distance 
from  them.  They  may  even  appear  unconnected  with  the  first  lesions  ; 
while  it  is  certain  that  they  are  not,  at  least  in  every  case,  propagated 
through  the  lymphatics.  In  pulmonary  tuberculosis,  for  instance,  which 
has  already  passed  into  the  ulcerative  stage,  it  is  not  at  all  uncommon 
for  the  mucous  membrane  of  the  air-tubes  to  become  affected.  This  is 
especially  apt  to  occur  in  the  larynx,  epiglottis,  and  at  times  in  the 
pharynx  ;  and  the  affection  often  extends  to  the  lower  segments  of  the 
large  and  small  intestines.  When  the  kidneys  become  tuberculous,  and 
contain  caseous  ulcerations,  the  ureters,  bladder,  seminal  vesicles,  and 
prostate  may  become  consecutively  diseased.  In  other  cases  the  process 
commences  in  the  latter  organs  and  extends  upward. 

From  such  instances  it  becomes  plain  that  the  infective  virus  may 
actually  be  transported  along  the  surface  of  the  mucous  membrane,  it 
attacks  the  spots  at  which  it  is  allowed  to  linger,  and  penetrates  the  mu- 
cous tissue.  It  there  sets  up  the  specific  inflammation  manifested  by  the 
development  of   nodules,  which  disintegrate  and  produce  ulcerations. 

Tubercle  is  in  like  manner  disseminated  on  the  surface  of  the  serous 
membranes  lining  the  great  body-cavities.  In  their  case  it  is  obvious 
that  the  transport  of  the  virus  is  favored  by  the  normal  movements  and 
displacements  of  the  contained  organs. 

[It  must  be  remembered,  in  connection  with  this  question,  that  all 
mucous  membranes  are  not  equally  susceptible  with  regard  to  the  tuber- 
culous virus.     The  mucous  membrane  of  the  mouth,  pharynx,  and  oeso- 
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phagus  is  far  less  susceptible  than  that  of  the  larynx  and  trachea.  The 
stomach,  duodenum,  and  bile-ducts,  as  also  the  urethra,  are  very  rarely 
attacked.  This  is  explicable  now  that  we  know  that  the  virus  is  a  special 
micro-organism  (Art.  127)  ;  for  the  secretions  of  the  stomach,  duodenum, 
and  common  bile-duct  are  prejudicial  to  the  development  of  bacteria. 
The  oesophagus  and  urethra  have  this  advantage — that  they  are  continu- 
ally being  swept  clean,  as  it  were.  In  the  small  and  in  the  large  intestine, 
where  the  process  of  absorption  goes  on  most  actively,  the  ingesta  and 
with  them  any  tuberculous  sputa  which  may  happen  to  have  been  swal- 
lowed, may  lie  a  long  time  in  contact  with  the  mucous  membrane.  In 
the  neighborhood  of  the  larynx,  the  bronchial  secretion  continually  ac- 
cumulates before  it  is  coughed  out,  and  the  virus  has  thus  abundant 
opportunity  of  attacking  its  mucous  membrane.  The  bladder,  in  like 
manner,  contains  the  accumulating  secretion  of  the  kidneys,  while  the 
urethra  is  only  "  flushed  "  with  it  from  time  to  time.  In  addition  to  these 
factors,  however,  we  must  not  leave  out  of  account  the  possibility  of 
special  predisposition  in  the  various  structures  and  tissues.] 

125.  The  clinical  significance  of  tubercle.  The  processes  just 
described  (Arts.  118-124)  are  comprehended  under  the  term  tuberculosis. 
Tuberculosis,  so  defined,  is  distinguished  by  two  chief  characters.  The 
one  is  anatomical,  namely,  the  development  of  specific  nodules  ;  the  other 
is  clinical,  namely,  the  consecutive  invasion  of  one  or  more  parts  of  an 
organ  or  of  the  entire  system. 

As  a  disease,  tuberculosis  is  distinguished  by  its  progressively  destruc- 
tive tendency.  It  not  only  destroys  gradually  the  organ  first  attacked, 
but  it  seizes  by  various  routes  upon  other  organs,  or  spreads  throughout 
the  organism. 

In  addition  to  this  clinical  characteristic  of  progressive  invasion,  we 
have  the  anatomical  characteristic — the  tubercle.  Tuberculosis  is  anato- 
mically an  inflammatory  process ;  but  its  course  does  not  correspond 
with  that  of  other  inflammations.  It  is  sharply  distinguished  from  them 
by  the  development  of  nodules  both  in  its  original  seat  and  in  the  parts 
that  are  secondarily  attacked;  and  these  nodules  have  a  definite  type  and 
structure — they  are  cellular  and  non-vascular. 

There  is  still  another  characteristic,  but  we  owe  our  knowledge  of  it 
not  so  much  to  observation  at  the  bedside  or  at  the  post-mortem  table, 
as  to  direct  experiment.  Villemin  and  Klebs  were  the  first  to  show — 
what  many  investigators  (such  as  Waldenburg,  Cohnheim,  Orth,  Bollin- 
ger, Simon,  Wilson  Fox,  Klein,  and  Burdon  Sanderson)  have  since  veri- 
fied— that  tuberculosis  is  transmissible  to  animals.  In  other  words,  when 
animals  are  inoculated  with  matter  from  fresh  or  caseous  tuberculous  foci, 
they  are  forthwith  attacked  by  a  disease  which,  judging  from  its  clinical 
course  and  anatomical  products,  is  identical  with  human  tuberculosis. 

This  character  determines  the  genus  of.  tuberculosis  in  the  classifica- 
tion of  human  diseases.     It  is  an  infective  disease. 
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[The  proposition  that  tuberculosis  is  anatomically  an  inflammatory 
process  is  disputed  by  many  pathologists.  There  has  always  been  a 
strong  inclination  to  reckon  tubercle  among  the  true  tumor-formations, 
like  cancer.  Such  a  view  will  hardly  be  maintained  now.  The  genesis 
of  tubercle,  its  cellular  constitution,  its  whole  life-history,  are  all  in  favor 
of  its  kindred  with  the  inflammatory  new-formations;  they  offer  no  fair 
grounds  for  comparing  it  with  the  tumors.  We  may  add  that  the  possi- 
bility of  generating  tubercles  by  inoculation  with  caseous  or  necrotic  tu- 
berculous matter  is  a  strong  argument  for  regarding  tubercle  not  as  a 
tumor  but  as  a  product  of  inflammation. 

The  fact  of  the  transmissibility  of  tuberculosis  to  animals  is  now 
placed  beyond  doubt.  It  is  true  that  the  experiment  does  not  always 
succeed;  for  though  some  animals  are  very  susceptible,  such  as  rabbits, 
guinea-pigs,  and  ruminants  generally,  others,  like  dogs,  enjoy  a  certain 
degree  of  immunity.  This  only  proves,  not  that  tuberculosis  is  not  infec- 
tive, but  that  the  tuberculous  virus  is  not  a  universal  poison,  capable  of 
attacking  each  and  every  organism.  This  is  likewise  the  explanation  of 
the  fact  that  physicians  have  observed  comparatively  few  cases  of  quite 
indubitable  transmission  of  the  disease  from  man  to  man.  Among:  human 
beings  there  are  predispositions  ;  tuberculosis  does  not  attack  all  with  equal 
readiness.  Nor  must  we  forget,  in  criticising  the  clinical  data,  that  it  is 
scarcely  possible  to  discern  the  exact  time  at  which  tuberculosis  sets  in. 
The  clinical  manifestations  may  not  appear  till  long  after  the  first  infec- 
tion, when  it  is  impossible  to  make  out  anything  that  throws  light  on 
the  origin  of  the  disease  (Budd,  Lancet,  2,  1867  ;  Weber,  "  Clin.  Soc. 
Trans.,"  1874;  Rindfleisch,  "  Virch.  Arch.,"  vol.  Ixxxv. ;  Burney  Yeo, 
"  Contagiousness  of  Pulm.  Consumption,"  London,  1882). 

A  short  but  very  comprehensive  summary  of  the  evidence  for  the 
transmissibility  of  tuberculosis  from  man  to  man,  and  from  man  to  lower 
animals,  is  given  by  Klein  {Practitioner,  August,  1881).  The  student 
who  desires  to  know  the  "  state  of  the  case  "  for  the  specific  nature  of 
tuberculosis  immediately  before  Koch's  discovery  cannot  do  better  than 
to  consult  this  article. 

Inoculation  experiments  have  been  made  in  various  ways.  The  tu- 
berculous matter  has  been  inserted  under  the  skin,  into  the  peritoneal 
cavity,  into  the  eye,  and  into  the  joints  ;  it  has  been  mixed  with  the 
food;  it  has  been  pulverized  and  conveyed  to  the  lungs  with  the  respired 
air. 

References  :— Villemin,  "  Gaz.  hebd.,"  50,  1865  ;  "  Comp.  Rend.," 
61,  1866  ;  "  Etudes  sur  la  tuberculose,"  1868  ;  Lebert,  "  Bullet,  de 
I'acad.,"  xxxii.  ;  "Gaz.  med.  de  Paris,"  25-29,  1867  ;  Lebert  and  Wyss, 
"Virch,  Arch.,"  vols.  xl.  and  xli. ;  Roustan,  "  L'inoculabilite  de  la  Phthi- 
sie,"  Paris,  1867  ;  Feltz,  "  Gaz.  med.  de  Strasbourg,"  1867  ;  Wilson  Fox, 
"The  artificial  production  of  Tubercle,"  London,  1868  ;  Chauveau,  "Gaz. 
nied.  de  Lyon,"  1868  ;  Langhans,  "  Die  Uebertr.  der  Tuberculose  auf 
Kanincben,"  1868  ;  Waldenburg,  "Die  Tuberculose,"  Berlin,  1869  ;  Vir- 
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chow  and  Hirsch,  "  Virch.  Jahresber.,"  1868-1870  (containing  full  and 
very  useful  references  to  previous  research)  ;  "  Trans.  Path.  Soc,"  1873 
(an  instructive  discussion  of  current  views)  ;  Klebs,  "Virch.  Arch.,"  vols. 
xliv.,  xlix.;  "  iVrch.  f.  exp.  Path.,"  i. ;  "  Naturforscher-versammlung  in 
Munchen,"  1877  ;  Cohnheim  and  Fraenkel,  "  Virch.  Arch.,"  vol.  xlv. ; 
"  Die  Tuberculose  vom  Standpunkte  der  Infectionslehre,"  Leipzig,  1880  ; 
Klein,  "Lymphatic  System,"  ii.,  London,  1875;  Tappeiner,  Lippl, 
Schweninger,  "  Naturf.-versamm.,"  1877;  Tappeiner,  "Virch.  Arch.," 
vol.  Ixxiv. ;  Orth,  "Virch.  Arch.,"  vol.  Ixxvi.;  Bollinger,  "Arch.  f.  exp. 
Path.,"  i. ;  H.  Martin,  "  Recherches  sur  le  tubercule,"  Paris,  1879;  "  Arch, 
de  Physiologic,"  1881  ;  "Ptevue  de  med.,"  April,  1883  ;  Sanderson,  "Re- 
port to  Med.  Off.  of  Privy  Council,"  1868-69  (re^nhW-shedm  Practitioner, 
September  to  December,  1882  ;  a  critical  summary  of  preceding  researches 
is  given  in  the  latter  of  these  reports);  Kiener  and  others,  "  L'Union 
med.,"  1881.] 

136.  Two  important  questions  remain  unanswered.  Tuberculosis  is 
an  infective  disease  ;  and  it  bears  the  anatomical  character  of  a  destruc- 
tive nodular  inflammation.  It  is  important  for  diagnostic  purposes  to 
know  something  more.  Does  the  tuberculous  inflammatory  process  mani- 
fest itself  by  the  formation  of  nodules  only  ?  Conversely,  are  ali  varie- 
ties of  cellular  nodules,  exhibiting  the  general  structure  of  tubercles,  to 
be  regarded  as  evidence  of  tuberculosis  ?  The  second  question  is — What 
is  the  nature  of  the  tuberculous  virus  ?  In  answer  to  the  former  ques- 
tion, clinical  observation  and  experiments  on  animals  have  shown  that  all 
nodular  eruptions  are  not  tuberculous.  Thus  when  small  irritating  for- 
eign bodies  are  introduced  into  the  body  of  an  animal,  it  sometimes  hap- 
pens that  a  nodular  affection  is  produced  which  anatomically  simulates 
tuberculosis.  Yet  these  nodules  have  in  reality  no  kindred  with  true 
tubercles.  The  exciting  cause  is  essentially  different  (Art.  137)  from 
that  which  engenders  true  tuberculosis  ;  while  neither  the  life-history  of 
the  nodules,  nor  the  course  of  the  process  as  a  whole,  corresponds  with 
what  is  observed  in  human  tuberculosis. 

Moreover,  there  occur  in  man  certain  nodular  inflammations  whose 
clinical  course  is  radically  different  from  that  of  tuberculosis,  though  the 
nodules  in  some  degree  resemble  tubercles.  The  best  known  instance  is 
lupus  of  the  skin  (Art.  133).  In  this  affection  perfectly  typical  tubercles 
are  frequently  formed;  but  they  never  induce  tuberculosis  in  other  or- 
gans, or  general  tuberculosis.  In  the  peritoneum,  again,  there  are  now 
and  then  found  tuberculoid  nodules  ;  but  they  have  probably  nothing 
whatever  to  do  with  tuberculosis  as  a  disease. 

While  the  domain  of  tubercular  eruptions  is  on  one  hand  somewhat 
wider  than  that  of  tuberculosis,  on  the  other  hand  the  domain  of  tuber- 
culosis goes  beyond  that  of  tubercular  eruptions.  In  other  words,  there 
may  be  tuberculosis  without  isolated  tubercles.  It  not  infrequently  hap- 
pens that  in  the  course  of  tuberculous  disease  inflammatory  patches  are 
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formed,  consisting  of  dilTuse  continuous  granulations  in  wliicli  no  tuber- 
cles can  be  detected.  These  patches  must  nevertheless  be  acknowledged 
to  be  tuberculous  ;  the  clinical  course  of  the  process,  and  the  life-history 
of  the  new  inflammatory  tissue,  indicate  this  ;  while  tubercles  may  actu- 
ally be  developed  in  later  stages  of  the  same  affection.  In  such  cases  it 
may  be  hard  to  determine  whether  the  process  is  really  tuberculous  ; 
especially  in  organs  like  the  lungs,  where  the  usual  inflammatory  changes 
are  at  all  times  apt  to  make  the  recognition  of  tubercle  a  difficult  matter. 
Experimental  inoculation,  or  the  detection  of  the  specific  virus  (Art.  127), 
can  alone  settle  the  question.  As  regards  the  latter  test  we  may  expect 
that  the  near  future  will  bring  us  much  additional  information.  It  is 
fortunate  that  these  ambiguous  cases  are  not  very  numerous.  Although, 
therefore,  the  anatomical  notion  of  tubercle  and  the  clinical  notion  of 
tuberculosis  do  not  precisely  correspond  throughout  their  full  extension, 
they  do  correspond  in  the  vast  majority  of  cases.  It  is  a  rule  almost 
without  exception,  that  tuberculosis  is  distinguished  microscopically  and 
on  the  post-mortem  table  by  the  presence  of  tubercles. 

[Much  confusion  has  arisen  in  the  discussions  on  tuberculosis  from  the 
assumption  that  the  production  of  a  nodular  or  tubercular  eruption  in  an 
animal  is  necessarily  the  same  as  the  production  of  tuberculosis.  The 
result  of  the  assumption  has  been  that  observers  have  fancied  they  have 
induced  tuberculosis  in  animals  by  the  introduction  of  all  sorts  of  foreign 
bodies.  The  diagnosis  is  not  to  be  based  on  the  presence  of  nodules 
simply  ;  the  life-history  of  the  nodules  and  the  general  course  of  the 
whole  process  are  also  of  essential  importance  (H.  Martin,  "  Arch,  de 
Phys.,"  1881).] 

127.  We  are  now  able  to  give  a  definite  answer  to  the  second  ques- 
tion raised  in  the  last  article — What  is  the  nature  of  the  tuberculous 
virus  ? 

At  the  meeting  of  the  Berlin  Physiological  Society  held  on  March 
24,  1882,  Dr.  R.  Koch  communicated  some  result  of  his  researches  on 
tuberculosis,  which  constituted  a  distinct  advance  in  our  knowledge  of 
its  etiology. 

He  announced  that  the  tuberculous  virus  is  a  special  bacillus  (Bacillus 
tuberculosis,  Art.  206).  Its  length  is  about  a  third  of  the  diameter  of 
a  red  blood-cell,  and  its  breadth  one-fifth  to  one-sixth  of  its  length.  In- 
dividual bacilli  contain  clear  bright  spores.  The  bacilli  are  chiefly  found 
in  fresh  tubercles,  more  sparingly  in  older  ones.  Some  of  them  lie  within 
the  cells  and  especially  within  the  giant-cells,  others  lie  outside.  They 
are  generally  single  and  scattered  ;  at  times  they  are  found  in  prettily 
grouped  clusters.  By  treatment  with  methylene-blue  and  vesuvin,  they 
take  up  a  different  tint  from  that  of  the  surrounding  tissues.  The  tis- 
sues stained  in  the  first  instance  with  methylene-blue  have  their  color 
discharged  by  vesuvin,  while  the  tubercle-bacilli  retain  it. 


180  A    TEXT-BOOK    OF    PATHOLOGICAL    ANATOMY. 

[Ehrlich,  Gibbes,  and  others  {JBrit.  Med.  Jburn.,  October  14,  1882) 
have  devised  simpler  and  speedier  methods  than  Koch's  for  staining,  and 
so  detecting  the  bacilli.  These  methods  are  readily  applicable  to  the 
clinical  examination  of  phthisical  sputa.] 

Koch  has  shown  that  the  bacilli  may  be  cultivated  in  the  serum  of 
ox-blood.  The  bacilli  so  bred  may  then  be  introduced  into  the  bodies  of 
various  animals,  such  as  rabbits,  rats,  and  dogs,  and  tuberculosis  is  there- 
upon induced  ;  in  other  vs^ords,  they  are  attacked  by  a  disease  character- 
ized by  a  progressive  formation  of  cellular  nodules.  The  nodules  always 
contain  the  characteristic  bacilli.  In  guinea-pigs  the  first  appearance  of 
disease  is  manifested  ten  days  after  inoculation. 

It  may  therefore  be  accepted  as  an  established  fact  that  tuberculosis 
is  an  infective  disease,  induced  by  the  presence  of  a  specific  bacillus. 

In  the  light  of  this  knowledge,  the  various  theories  which  have  been 
advanced  with  regard  to  the  causation  of  tuberculosis  become  in  some 
respects  irrelevant.  It  will  be  matter  for  further  experimental  investiga- 
tion to  determine  the  vital  properties  of  the  tubercle-bacillus.  Among 
other  points,  it  will  have  to  be  settled  whether  the  bacillus  can  develop 
only  within  the  bodies  of  men  and  other  mammals,  or  whether  it  may  not 
pass  through  some  stage  of  its  existence  outside  the  body  ;  in  other 
words,  whether  the  disease  is  strictly  contagious,  i.e.,  transmissible  di- 
rectly from  one  subject  to  another  ;  or  whether  it  is  due  to  something 
of  the  nature  of  a  miasma — a  poison  which  may  develop  outside  the  body. 
According  to  Koch,  the  bacillus  can  only  be  bred  between  the  tempera- 
tures of  30°  C.  and  41°  C.  (86°  F.— 105.8°  F.).  If  this  be  so,  it  is  hard 
to  see  how  it  can  multiply  outside  the  body.  With  regard  to  the  trans- 
mission of  tuberculosis  from  animals  to  man,  it  is  to  be  noted  that  Koch 
has  found  the  specific  bacillus  in  the  nodular  growths  which  occur  in  the 
"  pearly  disease  "  of  cattle  (I^erlsucht,  or  bovine  tuberculosis). 

Clinical  experience  would  seem  to  indicate  that  the  tubercle-bacillus 
is  no  ordinary  bacterium,  such  as  may  enter  and  affect  any  organism 
without  distinction.  It  would  seem  rather  as  if  infection  occurred  only 
where  a  definite  predisposition  exists,  or  where  a  considerable  quantity 
of  the  virus  is  introduced.  This  predisposition  may  be  local  as  well  as 
general.  The  local  predisposition  may  perhaps  depend  mainly  on  ante- 
cedent inflammatory  change.  A  general  predisposition  is  attributed  to 
scrofulous  subjects  especially.  These  are  persons  whose  tissues  ex- 
hibit a  certain  frailty  or  susceptibility  to  injury,  that  makes  them  partic- 
ularly liable  to  chronic  inflammatory  disorders.  It  is,  however,  not  at  all 
uncommon  for  the  term  "  scrofulous  "  to  be  applied  to  individuals  actu- 
ally affected  with  tuberculosis,  as  well  as  to  those  who  are  only  predis- 
posed to  it. 

We  may  imagine. the  course  of  the  infection  to  be  this  :  The  bacilli 
settle  in  a  tissue  accessible  from  without,  pass  thence  into  the  deeper 
structures,  and  ultimately  into  the  blood  ;  or,  without  any  primary  local 
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settlement,  they  may  be  taken  up  by  the  circulating  juices  directly,  and 
carried  to  various  parts  ;  wherever  they  settle  they  begin  to  develop, 
and  so  set  up  inflammation  and  the  formation  of  cellular  nodules. 

[Koch  has  found  the  bacillus  not  only  in  general  miliary  tuberculosis 
but  in  caseous  pneumonia,  caseous  bronchitis,  intestinal  and  glandular 
tuberculosis,  "  pearly  disease,"  spontaneous  and  inoculated  tuberculosis 
in  various  animals,  and  in  the  so-called  scrofulous  hyperplasia  of  lympha- 
tic glands.  All  these  affections  are  thus  to  be  included  under  the  head 
of  tuberculosis  ;  they  are  all  the  result  of  the  same  bacterial  infection. 
Tuberculosis,  from  this  point  of  view,  is  an  infective  disease  not  always 
manifested  by  the  formation  of  tubercles.  It  may  even  appear  as  a 
purely  local  affection,  and  yet  be  unaccompanied  by  tubercles. 

If  is  of  special  interest  to  note  that  Koch  has  detected  the  bacillus  in 
the  sputa  of  phthisical  patients.  As  the  bacillus  produces  spores  within 
the  bod}^,  it  is  very  likely  that  the  virus  exists  and  diffuses  itself  outside 
the  body  mainly  in  the  form  of  spores. 

Koch  finds  that  the  bacilli  grow  very  slowly,  and  after  inoculation 
proceed  to  develop  and  multiply  only  when  they  reach  a  spot  where  they 
are  not  subject  to  much  mechanical  disturbance  or  displacement.  From 
this  we  may  understand  how  it  happens  that  many  persons,  though  again 
and  again  exposed  to  the  invasion  of  tubercle-bacilli,  yet  remain  unin- 
fected. It  is,  moreover,  conceivable  that  individuals  in  whose  tissues 
inflammatory  changes  have  already  occurred  are  those  who  are  most 
disposed  to  tuberculous  infection. 

At  the  time  when  Koch  was  bringing  his  researches  to  an  end, 
Baumgarten  ("  Centralblatt  f.  d.  med.  Wiss.,"  15,  1881)  succeeded  in 
detecting  bacilli  in  tubercle  by  treating  microscopic  sections  with  dilute 
solution  of  caustic  potash.  He  did  not,  however,  go  on  to  cultivate  and 
inoculate  the  bacilli,  Aufrecht  had  already  described  bacilli  which  he 
had  found  in  tubercle  ("  Path.  Mitth.,"  Magdeburg,  1881)  ;  but  his  de- 
monstration was  likewise  defective.  He  did  not  show  that  the  bacilli 
were  peculiar  and  specific  as  regards  tuberculosis. 

It  has  been  a  much-debaced  question  whether  or  not  human  tubercu- 
losis is  identical  with  the  bovine  "  pearly  disease."  Anatomically  the 
pearly  disease  is  a  progressively  advancing  affection  in  which  nodes  and 
nodules  are  formed.  These  may  be  single  or  agglomerated  into  masses 
as  big  as  a  potato.  They  are  chiefly  found  in  the  serous  membranes,  as 
also  in  the  lymphatic  glands,  lungs,  and  liver.  In  the  serous  membranes, 
the  nodular  masses  are  often  pedunculated  and  pendulous.  Caseation  is 
not  very  common  ;  calcification  much  more  so.  The  nodules  are  es- 
sentially cellular  in  structure,  often  contain  giant-cells  (Virchow,  "Virch. 
Arch.,"  vol,  xiv.),  look  very  like  tubercles,  and  may  lie  together  in 
great  numbers  in  the  midst  of  a  cellular  stroma. 

A.  C.  Gerlach  ("  Jahresb.  d.  k.  Thierarzneischule  in  Hannover,"  1869) 
fed  and  inoculated  rabbits  and  goats  with  matter  from  such  nodules,  and 
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on  the  strength  of  his  experiments  maintains  that  the  pearly  disease  is- 
transmissible  to  other  animals  and  is  identical  with  human  tuberculosis. 
Schiippel  ("  Virch.  Arch.,"  vol.  Ivi. )  and  Creighton  ("  Bovine  Tubercu- 
losis in  Man,"  London,  1881),  from  microscopic  comparison  of  tubercles 
and  the  pearly  nodules,  declare  that  they  are  identical.  Orth  ("  Virch. 
Arch.,"  vol.  Ixxvi.)  arrived  at  the  same  conviction  through  experiments 
in  which  the  animal  was  fed  with  the  infective  matter  ;  as  did  also 
Bollinger  and  Klebs  ("Arch.  f.  exp.  Path.,"  i.),  Chauveau  ("  Jahrb.  der. 
ges.  Med.,"  1872),  and  Baumgarten  ("  Berl.  klin.  Woch.,"  49,  1880).  On 
the  other  hand,  Colin  ("  Compt.  Rend.,  1876),  Gilnther,  Harms,  and 
Miiller  ("Jahrb.  der  ges.  Med.,"  1873-74)  obtained  only  negative 
results.  Virchow  ("Berl.  klin.  Woch.,"  1880,  and  "Virch.  Arch.,"  vol. 
Ixxxiii.)  also  made  experiments  by  the  method  of  feeding,  but  his  results 
were  ambiguous.  He  thinks  that,  so  far  as  experiments  have  hitherto 
gone,  the  transmissibility  of  the  pearly  disease  to  other  animals  (by 
feeding  them  with  diseased  milk  or  meat)  is  not  yet  certainly  established. 
Koch's  observation  of  the  specific  bacillus  in  the  pearly  nodules  seems 
to  remove  all  doubt  of  their  identity  with  tubercles.  How  far  the  bovine 
disease  may  be  transmitted  to  man  is  not  yet  made  out.  The  transmis« 
sion  is  at  any  rate  possible,  and  that  by  various  channels,] 

Syphilis. 

128.  Syphilis  is  an  infective  disease,  originating  in  a  fixed  conta- 
gium.  It  starts  at  a  wounded  or  abraded  spot,  gives  rise  there  to  certain 
local  tissue-changes,  and  thence  spreads  through  the  entire  system.  The 
poison  of  syphilis  occurs  in  the  human  organism  only  ;  it  is  nowhere 
reproduced  but  within  the  human  organism  ;  and  it  is  conveyed  to  other 
individuals  only  by  direct  transference.  When  transplanted  into  a  new 
organism,  it  excites  inflammatory  processes  of  the  most  diverse  intensity 
and  extent — from  simple  localized  and  transitory  hyperemia  to  the 
formation  of  enormous  exudations,  or  granulomatous  growths,  or  exten- 
sive fibrous  hyperplasias.  If  a  child  be  procreated  while  the  infection 
lasts,  the  disease  may  be  transmitted  to  it  from  the  mother's  side  as  well 
as  from  the  father's. 

The  primary  inflammatory  focus  is  formed  at  the  seat  of  infection  as 
an  indurated. chancre  or  "hard  sore."  It  is  an  ulcer  with  an  hardened 
bacon-like  or  gristly  base  and  margin.  It  generally  begins  as  an  excoria- 
tion, i.e.,  a  slight  and  superficial  loss  of  substance,  and  over  this  a  vesicle 
or  pustule  is  formed.  In  other  cases  it  is  developed  from  a  node  formed 
(for  example)  in  the  scar  of  a  former  ulcer  ;  this  then  breaks,  giving 
rise  to  the  characteristic  ulcer  with  its  hardened  gristly  base.  In  other 
cases  again  the  ulcer  is  first  formed,  and  the  induration  follows  later  on. 

The  node  or  induration  which  forms  the  primary  lesion  of  syphilis 
appears  under  the  microscope  at  first  as  a  dense  infiltration  of  the  con- 
nective-tissue with  small  cells  (Fig.  34,  a).     The  process  may  not  advance 
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beyond  this  ;  but  in  many  cases  the  infiltrating  cells  proceed  to  develop 
further.  From  the  small  round-cells  larger  formative  cells  (Fig.  34,  b), 
and  not  infrequently  giant-cells  (c),  are  formed.  The  development  does 
not  advance  beyond  this  point  ;  the  greater  part  of  the  affected  tissue 
breaks  down  and  ulcerates,  or  is  reabsorbed.  Some  part  of  the  cells  go 
to  form  a  cicatrix. 

[Nothing  certain  is  know^n  concerning  the  nature  of  the  syphilitic 
virus.  Klebs  ("  Arch.  f.  exp.  Path.,"  x.)  regards  the  disease  as  a  para- 
sitic bacterial  affection.  '  Our  histological  knowledge  of  syphilitic  growths 


Fig.  34. — Section  of  a  Syphilitic  Hard  Sore,     x  350.     (Alum-carmine preparati07i,)  a,  infiltration  with 
round-cells  ;  6,  large  uninuclear  ;  c,  multinuclear,  formative  cells. 

is  mainly  due  to  Virchow  ("  Krank.  Geschwiilste,"  ii.),  E.  Wagner 
("  Arch.  d.  Heilk.,"  iv.,  1863),  Auspitz  and  Unna  ("  Vierteljahrsschr.  f. 
Derm,  und  Syph.,"  iv.,  1877).  See  also  Baumler,  "  Ziemssen's  Cyclo- 
paedia," vol.  iii.  ;  Van  Oordt,  "  Des  tumeurs  gommeuses,"  In.  Diss.,  Paris, 
1859  ;  Cornil  and  Ranvier,  "Man.  of  Path.  Hist.,"  vol.  i.] 

129.  After  a  certain  time  the  "  initial  sclerosis  "  or  hard  sore  is  fol- 
lowed by  inflammations  of  the  lymphatic  glands,  skin,  and  mucous  mem- 
brane. These  are  the  "secondary  symptoms."  Still  later  appear 
syphilitic  inflammations  of  the  viscera  and  bones.  These  are  the  "ter- 
tiary symptoms."  The  various  inflammations  are  for  the  most  part 
similar  to  other,  non-syphilitic,  inflammations.  Certain  special  granulo- 
matous formations  are  also  developed  which  are  called  syphilomata 
(Wagner)  or  gummata,  and  condylomata. 

The  syphilitic  condyloma  (condyloma  latum  or  mucous  patch)  is 
a  raised  level  patch  on  the  skin  or  mucous  membrane,  due  to  inflamma- 
tory change  in  the  epidermis  and  corium,  or  in  the  epithelium.  The 
upper  layers  of  the  corium,  and  especially  the  papillie,  swell  up  greatly 
owing  to  infiltrations  of  cells  and  liquid  exudations.  The  cutis  appears 
as  a  loose  sodden  gelatinous  tissue  infiltrated  with  cells  (Fig.  35,  i  and  k). 
There  is  no  true  granulation-tissue  as  a  rule,  for  no  organization  of  the 
cellular  material  takes  place,  and  no  new  vessels  are  formed.  In  condy- 
lomata of  the  mucous  membranes,  the  tissue  may  take  on  something  of 
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the  look  of  granulations  owing  to  abundant  cell-production.  The  epi- 
the  liumis  usually  swollen  (Fig.  35,  e, /*,  g)  and  infiltrated  with  cellular 
and  liquid  exudations. 

The  syphilitic  gumma  in  its  earlier  stages  is  histologically  very 
similar  to  the  condyloma.  The  gumma  is  a  circumscribed  patch  of  mor- 
bid tissue,  not  unlike  granulation-tissue.  It  occurs  chiefly  in  the  perios- 
teum, muscles,  brain-substance,  and  membranes,  as  well  as  in  the  paren- 
chymatous organs  of  the  abdomen,  such  as  the  liver,  spleen,  and  testis. 


Fig.  35. — CondylomaLatumAni,  or  "Mucous  Patch."  x  100.  (Aniline-brown  staining.)  a,  homy  layer  , 
6,  rete  Malpighii :  c,  cerium  ;  d,  loosened  horny  layer  infiltrated  with  leucocytes  .  e.  rete  Malplghli  swollen 
and  (/)  infiltrated  with  cells  ;  fir,  degenerate  epithelial  cells  containing  leucocytes  :  A,  granular  coagula;  i, 
papilla  swollen  and  infiltrated  with  cells  and  exuded  liquid  ;  k,  corium  infiltrated  with  cells,  exuded  liquid, 
and  coagula  ;  I,  lymphatic  distended  with  coagula  ;  m,  sweat-gland. 

The  relative  proportion  of  cells  in  the  gumma  varies  with  its  site. 
Varieties  which  are  poor  in  cells,  such  as  are  found  at  times  in  bone,  are 
soft  and  gummy  in  texture.  On  section  they  have  a  gelatinous  look, 
the  liquid  constituents  exceeding  the  cellular  in  quantity.  The  older 
surrounding  tissue  undergoes  in  part  a  mucoid  change.  Varieties  rich 
in  cells,  met  with  chiefly  in  the  pia  mater  and  arachnoid,  and  the  spleen, 
form  nodes  or  patches  which  are  translucent,  gray  or  whitish,  or  grayish- 
red  in  color,  and  rounded  (spleen)  or  irregular  (brain-membranes)  in 
shape.  They  have  in  fact  the  exact  appearance  of  granulations.  In  the 
affected  organs  or  tissues  there  are  usually  found,  in  addition  to  the 
gummata,  more  diffused  and  extensive  inflammatory  changes. 
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130.  These  syphilitic  granulomatous  growths  are  generally  of  a  very 
perishable  or  unstable  nature.  Frequently  there  is  no  proper  granulation- 
tissue  developed  ;  that  is  to  say,  no  vessels  are  formed  and  no  further 
development  of  the  extravasated  leucocytes  takes  place.  The  leucocytes 
usually  perish  by  fatty  degeneration.  Small  infiltrated  patches  may  of- 
ten disappear  by  reabsorption.  In  other  cases,  as  in  the  bones,  suppur- 
ation or  fatty  necrosis  and  ulceration  is  the  issue.  Tn  larger  patches 
abounding  in  cells,  caseous  nodes  are  not  infrequently  formed  ;  they  may 
be  either  rounded  and  spherical  or  irregular  in  shape.  If  the  caseous 
process  is  still  in  a  comparatively  early  stage,  these  patches  are  found  sur- 
rounded by  highly  cellular  granulations.  After  a  time  these  latter  pass 
into  dense  fibrous  tissue  (Fig.  36),  and  contract  into  a  narrow  zone  sur- 
rounding the  caseous  patch.  Lastly,  this  zone  may  be  further  trans- 
formed into  connective  tissue  of  a  more  ordinary  type.  Caseous  nodes, 
thus  imbedded  in  an  irregular  puckered  capsule  of  scar-tissue,  are  found 
most  commonly  in  the  liver  and  testis. 

It  is  these  scar-surrounded  caseous  nodes  which  are  chiefly  referred  to 
when  guminatous  nodes  are  spoken  of.     They  have  of  course  ceased 


Fig,  36. — G-umma  of  the  Liver  undergoing  Caseation.     +  25.    a,  gumma  enclosed  in  an  irregular  cap- 
sule of  scar-tissue ;  6,  artery  with  thickened  wall ;  c,  obliterated  portal  vein. 


to  be  strictly  gummatous,  for  they  contain  merely  the  caseous  detritus  of 
the  original  cellular  gumma.  The  caseous  change  often  involves  not 
merely  the  cellular  new-formation,  but  also  the  normal  tissue  of  the  af- 
fected organ.  The  node  comes  thus  to  contain  more  than  the  necrotic 
remains  of  the  true  gumma  ;  it  includes  all  or  most  of  the  proper  or  spe- 
cific tissue  affected  and  destroyed  by  the  original  infiltration. 

This  common  issue  of  syphilitic  inflammation  in  disintegration  and 
necrosis  seems  to  depend  chiefly  on  the  nature  of  the  virus  which  pro- 
duces the  disease.  It  is  not,  however,  impossible  that  another  factor  may 
lie  in  the  aptness  of  the  vessels  and  especially  the  arteries  to  be  attacked 
by  the  specific  inflammation.  Wherever  granulations  are  formed  or  hy- 
perplasia set  up  in  consequence  of  syphilitic  inflammation,  the  vessel- 
walls  and  chiefly  the  intima  are  observed  to  thicken.  The  lumen  is  thus 
narrowed,  and  often  entirely  occluded  (Fig.  36,  b  and  c,  and  Art,  397), 
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[On  syphilitic  disease  of  the  arteries  see  Greenfield,  etc.,  "  Trans. 
Path.  Soc,"  vol.  xxviii. ;  Heubner,  "  Die  luetische  Erkrankung  dei 
Gehirnarterien,"  Leipzig,  1874;  Lancereaux,  "Gaz.  des  Hop.,"  21, 
1876.] 

Leprosy. 

131.  Leprosy,  lepra  or  elephantiasis  grcecormn,  is  a  disease  distin- 
guished anatomically  by  the  formation  of  nodes  and  tubers  in  the  tissues. 
These,  when  cutaneous,  are  usually  seated  on  the  surfaces  exposed  to  the 
air — the  face,  hands,  and  feet.  They  may  at  times  occur  elsewhere.  The 
subcutaneous  tissues,  nerves,  mucous  membranes,  and  viscera  may  also  be 
affected.     The  nodes  may  reach  the  size  of  a  walnut. 

When  a  node  is  about  to  form  in  the  skin,  there  appears  first  a  red 
spot,  which  becomes  bluish  and  then  brown  ;  the  underlying  tissue  be- 
comes meanwhile  thickened  and  indurated.  The  swelling  then  increases, 
and  the  patch  becomes  gradually  transformed  to  a  firm  red  protuberance, 
which  later  on  becomes  softer  and  paler. 

The  basis  of  the  node  is  made  up  of  cellular  granulation-tissue,  lying 
immediately  beneath  the  epidermis.  It  is  spread  in  a  uniform  layer,  or 
sends  down  cellular  processes  into  the  deeper  structures.  In  color  it  is 
grayish-white  and  somewhat  translucent.  The  cells  are  of  various  sizes 
according  to  their  stage  of  development.  When  the  nodes  break  down, 
leprous  ulcers  are  formed,  though  these  are  more  commonly  the  result  of 
external  injury.  Fatty  metamorphosis  of  the  cells  and  resolution  of  the 
tumor  thereby  are  not  unknown,  but  the  process  is  very  slow.  The 
nodes  of  the  mucous  membrane  are  more  apt  to  ulcerate  than  those  of  the 
skin  ;  this  occurs,  for  example,  inside  the  nose,  and  in  the  conjunctiva, 
mouth,  and  larynx. 

Leprous  growths  in  the  nerve-sheaths  may  lead  to  disturbance  of  the 
nerve-functions  ;  we  may  thus  have  local  amyotrophy  and  anaesthesia, 
as  in  Lepra  ansesthetica.     Visceral  leprosy  is  rare. 

Armauer  Hansen  and  Neisser  have  discovered  that  leprosy  depends 
on  the  presence  of  a  specific  bacillus  (Bacillus  leprae)  in  the  affected  tis- 
sue. The  bacillus  is  found  in  all  leprous  foci  (Neisser),  generally  en- 
closed in  the  larger  cells.  The  hereditariness  of  leprosy  has  not  been 
proved.  It  is  but  slightly  contagious  ;  yet  in  certain  regions  it  is  en- 
demic. It  is  nowadays  rare  in  Europe  ;  Norway  and  Sweden,  Finland, 
and  the  Baltic  provinces  of  Russia,  are  the  regions  where  it  is  most  prev- 
alent. It  occurs  (but  more  rarely)  in  special  districts  of  Greece  and 
Italy.  It  is  prevalent  in  Central  and  South  America,  and  in  Southern 
Africa  and  Asia. 

[Virchow's  "  Onkologie  "  (vol.  ii.)  contains  a  full  account  of  leprosy, 
from  which  the  above  details  are  chiefly  drawn.  Thoma  ("  Virch.  Arch.," 
vol,  Ivii.)  gives  a  description  of  the  histological  characters  of  the  disease 
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agreeing  in  essence  with  Virchow's.  Neisser's  discover}^  of  the  Hacillus 
leprae  was  announced  in  the  "  Breslau.  arzt.  Zeitschrift,"  20  and  21, 
1879  ;  Armauer  Hansen's  in  "Virch.  Arch.,"  vol.  Lxxix.  See  also  Neisser, 
"  Virch.  Arch.,"  vol.  Ixxxiv.  The  bacilli  have  been  found  in  the  nodes 
of  the  skin,  oral  epithelium,  and  larynx — as  well  as  in  diseased  foci  in  the 
nerves,  cartilages,  testes,  lymphatic  glands,  liver,  and  spleen.  Neisser 
has  inoculated  rabbits  and  dogs  with  leprous  matter,  and  so  produced 
inflammatory  nodes  corresponding  with  those  of  human  leprosy.  He 
supposes  that  the  bacilli  enter  the  system  as  spores,  and  develop  wher- 
ever they  find  a  suitable  nidus,  especially  in  the  lymphatic  glands. 
Thence  they  invade  the  entire  body. 

Kobner  ("  Virch.  Arch.,"  vol.  Ixxxviii.)  found  the  bacilli  in  the  blood. 
His  attempts  to  transmit  the  disease  to  monkeys  did  not  succeed.  He  is 
thus  inclined  to  question  Neisser's  demonstration  of  its  transmissibility. 

In  Lepra  anassthetica  the  skin  is  usually  smooth  and  shining.  This 
form  has  therefore  been  distinguished  as  L.  loevis  or  glabra.  White  or 
brown  stains  appear  on  the  skin  at  times,  probably  at  the  site  of  a  former 
infiltration.  This  variety  is  described  as  Lepra  inactdosa ;  the  patches 
as  morphoece  nigrm  or  alba3  (not  to  be  confounded  with  the  skin  disease 
Morphoea).] 

Lupus. 

132.  Lupus  (or  "  noli  me  tangere  ")  is  an  affection  of  the  skin  and 
contiguous  mucous  membranes.     The  surface  becomes  red,  and  this  is  fol- 


PiG.  37. — Section  of  Skin  through  a  Lupus-patch.  «,  normal  epidermis ;  6,  normal  cerium  with  sweat 
gland  (i) ;  c,  focus  of  lupus-tissue;  d.  vriscular  nodule  surrounded  by  diffuse  cellular  infiltration;  e,  non- 
vascular nodule ;  /,  strings  of  cells ;  g,  lupous  ulcer  ;  A,  proliferating  epithelium. 

lowed  by  the  formation  of  large  or  small  nodules  (Fig.  37,  f?)  with  more 
diffused  swellings.  Granulation-tissue  is  formed  in  the  corium  and  sub- 
cutaneous connective  tissue. 

The  granulations  are  generally  vascular,  the  cells  small,  spherical,  and 
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lymphoid  ;  but  at  times  numerous  epithelioid  cells  and  giant-cells  may 
also  be  found.  In  the  latter  case,  nodules  may  also  develop  having  the 
exact  appearance  of  tubercles.  Surrounding  the  true  granulomatous 
focus  there  are  found  nests  and  strings  of  cells  following  the  course  of 
the  lymphatics  (Fig.  37,  e, /")•  When  the  subepithelial  granulations  have 
reached  a  certain  degree  of  development,  they  begin  to  break  dovrn  and 
ulcerate  (Fig.  37,  g).  It  seldom  happens  that  ulceration  is  averted  by 
reabsorption  or  cicatrization. 

The  exciting  cause  of  lupus  is  unknown.  The  general  course  of  the 
process,  and  especially  its  progressive  character,  seem  to  indicate  that  it 
is  due  to  some  virus  capable  of  reproduction. 

[Schiiller  ("  Centralb.  f.  Chir.,"  49,  1881)  has  found  certain  micrococci 
in  lupus-tissue,  which  he  holds  to  be  the  cause  of  the  affection.  His  ob- 
servations are  not,  however,  enough  to  establish  the  fact  with  certainty.] 

Glanders. 

133.  Glanders  (or  JEquinia)  is  a  contagious  disease  of  the  horse, 
communicable  to  man  by  direct  transmission.  Glanders  and  farcy  are 
manifestations  of  one  and  the  same  infective  disease  ;  the  first  affects 
chiefly  the  nasal  mucous  membranes,  the  second  the  skin. 

The  initial  lesion  in  the  horse  is  usually  situated  in  the  nasal  mucous 
membrane.  The  submaxillary  gland  is  then  affected  ;  and  then,  by  meta- 
stasis, various  other  organs.  The  first  effect  of  the  infection  is  to  give 
rise  either  to  wide-spread  cellular  infiltration  of  the  mucous  membrane, 
or  to  subepithelial  nodules  from  the  size  of  a  millet-seed  to  that  of  a  pea, 
and  not  unlike  those  of  lupus.  In  chronic  farcy  larger  nodes  and  nod- 
ules form  in  the  skin,  and  sometimes  link  themselves  into  vermiform 
cords  ("  corded  veins  "). 

The  epithelial  nodules  are  very  unstable  in  structure.  The  cellular 
elements  of  which  they  are  built  up  maintain  throughout  the  characters 
of  lymphoid  cells  or  pus-corpuscles.  Owing  to  fatty  change,  disintegra- 
tion, softening,  or  suppuration  in  the  nodules,  ulcerations  are  soon  formed 
which  have  a  yellowish  infiltrated  base.  These  grow  by  progressive 
nodular  (or  simply  diffused)  infiltration  of  their  borders,  followed  by 
gradual  disintegration.  In  this  way  contiguous  ulcers  may  become  con- 
fluent. In  horses  that  have  died  of  glanders,  the  mucous  membrane  of 
the  nasal  septum  is  beset  with  large  irregular  excavated  ulcers  with 
eroded  edges  and  grayish  or  yellowish  bases.  In  addition  to  these,  there 
are  other  minute  lenticular  ulcerations,  and  gray  or  yellow  nodular 
patches  on  the  point  of  breaking  down.  The  whole  process  is  near  akin 
to  that  of  suppurative  inflammation.  The  ulcers  may  heal  up  by  the  for- 
mation of  irregular  puckered  cicatrices. 

The  cervical  glands  are  always  inflamed  and  swollen.  Among  the 
viscera  the  lungs  are  the  most  liable  to  be  affected.      They  contain  either 
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nodes  with  caseous  detritus  in  the  centre  and  a  grayish  cellular  per- 
iphery ;  or  on  the  other  hand  lobular  pneumonic  patches  of  a  light  gray 
or  blood-stained  color,  or  opaque  and  yellow  from  fatty  and  caseous 
change.  At  times  the  alimentary  mucous  membrane  contains  nodes  of 
various  sizes,  composed  either  of  light  gray  cellular  tissue,  or  of  opaque 
yellowish-white  caseous  or  suppurative  matters.  In  farcy,  which  is  usu- 
ally chronic,  the  nodes  ("  buttons  "  or  "  buds  ")  formed  in  the  skin  and 
muscles  are  made  up  of  small-celled  granulation-tissue,  which  later  on 
undergoes  retrogressive  change,  and  becomes  caseous  or  breaks  down. 

In  man,  as  in  the  horse,  infection  with  glanders-poison  is  followed  by 
the  formation  of  nodes  and  nodules,  especially  in  the  nasal  cavities  and 
frontal  sinuses,  and  in  the  larynx  and  trachea.  At  the  same  time  vesicu- 
lar and  pustular  eruptions  appear  on  the  skin,  followed  by  phlegmonous  ab- 
scesses in  the  skin  and  muscles.  The  viscera  are  also  affected  in  like 
manner.  The  development  of  the  granulation-tissue  is  generally  very 
imperfect  ;  the  inflammation  tends  rather  to  take  on  a  suppurative  char- 
acter. In  chronic  farcy  large  nodes  ("  farcy  buds ")  are  formed  in  the 
skin  and  muscles.  When  these  break  down  they  give  rise  to  indolent  and 
obstinate  ulcerations. 

[For  a  fuller  description  of  equine  glanders  and  farcy  see  Youatt, 
"  On  the  Horse,"  London,  1859  ;  Fleming,  "  Man.  of  Veterin.  Sanitary 
Science,"  vol.  i.,  London,  1875  ;  on  the  human  affection  see  Poland, 
"  Holmes's  System  of  Surgery,"  vol.  i. 

The  nature  of  the  glanders-poison  is  unknown.  See  Villemin  ("  Etudes 
sur  la  tuberculose,"  Paris,  1868),  Bollinger  ("  Ziemssen's  Cyclopaedia," 
vol.  iii.),  and  Putz  ("  Die  Seuchen  und  Herdekrankheiten,"  Stuttgart, 
1882).] 

Actinomycosis. 

134.  Actinomycosis  is  a  progressive  inflammatory  affection,  set  up 
by  a  certain  fungus,  the  Actinomyces.  It  results  in  the  formation  of 
granulations  and  fibrous  tissue,  and  in  suppuration.  It  attacks  human 
beings,  cattle,  and  swine,  and  may  be  communicated  to  cattle  by  inocu- 
lation. 

The  disorder  was  first  recognized  and  described  in  man  by  Israel 
(1877),  and  in  cattle  by  Bollinger  (1877). 

The  parasite  which  causes  the  disorder  is  a  peculiar  fungus.  It  first 
appears  as  a  tufted  rosette  of  radiating  pyriform  or  club-shaped  struc- 
tures ;  these  are  either  simple  or  divided  by  dissepiments,  and  are  of  con- 
siderable bulk.  They  are  possibly  the  conidia  (Art.  213).  The  fungus 
on  reaching  its  full  development  appears  as  a  peculiar  gland-like  body, 
with  the  outward  form  of  a  mulberry.  It  is  produced  by  the  aggregation 
of  the  club-shaped  conidia  ;  these  spring  in  all  directions  from  the  fila- 
ments of  a  matted  tuft  which  we   may   provisionally  call   the   mycelium. 


190  A    TEXT-BOOK    OF    PATHOLOGICAL    ANATOMY. 

and  are  thus  crowded  into  a  compact  mass.  The  true  botanical  positiou 
of  the  fungus  is  as  yet  undetermined. 

When  the  actinomyces  settles  in  a  tissue,  it  at  once  sets  up  inflamma- 
tion in  its  neighborhood.  While  the  spore  is  developing  its  mycelium 
and  its  bunch  ("gland"  or  "  core  ")  of  conidia,  a  nodular  inflammatory 
focus  is  formed  around  it,  which  in  its  structure  exactly  resembles  a 
tuberculous  nodule.  Recent  nodules  consist  chiefly  of  round-cells  ;  in 
less  recent  ones  the  zone  in  contact  with  the  fungus-core  contains  epithe- 
lioid cells  and  griant-cells.  The  core  is  yellowish  in  tint,  and  in  later  stag'es 
of  the  process  it  often  becomes  calcified. 

When  the  nodules  increase  greatly  in  number  and  become  confluent, 
the  internodular  inflammation  also  extending,  large  areas  of  inflamma- 
tory swelling  are  formed.  In  many  cases,  and  especially  in  cattle,  scar- 
like bands  of  fibrous  tissue  may  be  formed  in  the  spaces  between  the 
nodules.  The  nodules  themselves  usually  break  down  and  suppurate.  If 
the  tendency  to  further  development  be  strong  enough,  we  may  have,  in- 
stead of  suppuration,  large  nodular  patches  of  new  tissue  formed.  These 
may  grow  for  weeks  or  months  and  finally  become  as  large  as  the  fist,  or 
larger.  The  tumor  is  made  up  partly  of  coarse  fibrous  tissue,  partly  of 
granulations,  with  the  intermediate  stages.  It  always  contains  small 
pus-cavities  and  other  excavations,  in  which  the  fungus-cores  are  found 
as  small  white  or  yellow  greasy-like  masses  lying  among  the  purulent 
detritus. 

If  on  the  other  hand  the  tendency  to  disintegration  and  suppuration 
prove  the  stronger,  we  have  formed  large  sacculated  cavities  with  branch- 
ing intercommunicating  fistulas.  The  walls  of  these  are  lined  with  gran- 
ulations and  hyperplastic  fibrous  tissue,  containing  here  and  there  colo- 
nies of  the  fungus. 

135.  In  the  case  of  cattle  the  disorder  attacks  chiefly  the  lower  jaw  ; 
then  the  upper  jaw,  tongue,  pharynx,  larynx,  oesophagus,  stomach,  and 
intestinal  wall.  The  skin,  the  lungs,  and  the  subcutaneous  and  inter- 
muscular connective  tissue  are  also  liable  to  invasion.  In  these  sites  it 
generally  gives  rise  to  nodular  tumors  of  various  sizes,  such  as  we  have 
described.  Till  the  true  nature  of  the  disease  was  made  out,  these  were 
described  by  a  multitude  of  names,  such  as  osteo-sarcoma,  bone-canker, 
bone-tubercle,  fibro-plastic  degeneration,  woody-tongue,  lingual  tuber- 
culosis, lymphoma,  fibroma,  spina  ventosa,  etc.  In  the  cases  observed  in 
the  human  subject  the  disease  has  chiefly  attacked  the  soft  parts  of  the 
neck,  the  thorax  near  the  spine,  the  mediastinal  tissue,  and  the  lungs. 
In  one  case  the  infective  matter  had  entered  the  blood,  and  gave  rise  to 
metastatic  foci  in  the  viscera  (Ponfick). 

The  inflammatory  growths  seldom  reach  any  great  size  in  man  ;  they 
are  apt  rather  to  break  down  early.  In  the  cases  referred  to,  cavities  and 
fistulse  were  formed,  some  of  them  subcutaneous  and  some  extending 
deeper.  Among  their  purulent  contents  were  found  the  fungus-cores. 
Where  the  process  invaded  the    bone,  it  led    to  destructive  caries  ;  this 
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was  notably  the  case  with  regard  to  the  vertebrae.     In  all   the   affected 
regions  the  destruction  of  tissue  was  very  considerable. 

As  regards  the  genesis  of  the  disease,  it  seems  very  probable  that  the 
mouth  is  the  starting-point  of  the  infection.     Israel,  Johne,  and  Ponfick 
affirm  that  in   healthy  individuals  the  specific  fungus  is  now   and  then 
found  lying  in  the  follicular  crypts  of  the  tonsils.      It  has  also  been  dis- 
covered in  concretions  from  the  lacrimal  duct,  and  in  hollow  teeth.     The 
observations  of  the  above  authors,  with  those  of  Bollinger,  make  it  prob- 
able that  infection  often  follows  upon  wounds  of  the   oral  cavity  {e.g., 
j   those  left  after  the  extraction  of  teeth).     Israel  believes  that  the  spores 
j   or  fungi  may  be  inhaled,  and  so  give  rise  to  the  disease  in  the  lungs. 
1  Clinically  speaking,  the  disease  is  chiefly  marked  by  its  chronic  course 

and  local  malignancy.     Metastasis  is  not  common. 

[Israel's  researches  were  published  in  "Virch.  Arch.,"  vols.  Ixxvi., 
Ixxviii.;  Bollinger's  in  the  "  Centralb.  f.  med.  Wiss.,"  27,  1877.  Since 
then  the  affection  has  more  than  once  been  observed  in  man.  Johne  and 
Ponfick  have  been  the  chief  writers  on  the  human  affection.  Johne  de- 
monstrated the  inoculability  of  the  disease  in  animals  ("  Deutsch.  Zeitsch. 
f.  Thiermed.,"  vii.,  1881).  Ponfick  has  quite  recently  published  a  mono- 
graph ("  Die  Actinomycose  des  Menschen,"  Berlin,  1882),  in  which  the 
published  observations  on  the  disease  are  brought  together ;  light  is 
thrown  on  its  etiology  by  new  observations  and  experiments  ;  and  the 
significance  of  th  j  various  morbid  processes  is  explained.  Gannet  gives 
a  useful  summary  in  Boston  Med.  and  Surg.  Journal,  August  31,  1882. 

Pflug  lately  described  a  case  of  actinomycosis  in  a  cow,  which  took 
the  form  of  miliary  nodules  disseminated  through  the  lungs  ("  Cent.  f. 
med.  Wiss.,"  14,  1882);  Hink  {ibid.,  46,  1882)  gives  another  case,  in 
which  the  nodular  affection  was  confined  to  a  part  of  one  lung.] 
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SECTION   YI. 
TUMORS. 


CHAPTER  XXY. 
GENERAL  CONSIDERATIONS. 

136.  In  Arts.  70-92,  under  the  heading  of  Hyperplasia  and  Regenera- 
tion, we  discussed  a  series  of  progressive  or  formative  disturbances  of 
nutrition.  Some  of  these  were  the  result  of  normal  development  carried 
to  an  excessive  degree.  Others  seemed  due  to  the  resumption  or  inten- 
sification of  processes  of  growth  which  had  been  interrupted  or  enfeebled. 
These  processes  led  to  the  formation  of  new  tissue,  which  either  re- 
sembled exactly  the  matrix-tissue  from  which  it  arose,  or  at  least  was 
composed  of  the  same  elements. 

Another  mode  of  tissue-formation  was  discussed  in  the  last  section, 
under  Inflammation.  This  process,  as  we  saw,  gave  rise  only  to  a  single 
form  of  new  tissue  ;  it  resulted  in  the  development  of  granulations  and 
fibrous  tissue  from  them. 

The  mode  of  tissue-formation  which  leads  to  the  development  of  a 
tumor,  neoplasm,  or  new  growth  in  the  restricted  sense  of  the  term,  is 
not  comparable  either  with  hyperplastic  proliferation  or  with  inflamma- 
tion. It  differs  from  the  former  in  this,  that  the  new  tissue  is  not  simi- 
lar to  the  matrix-tissue,  but  specifically  different  from  it.  A  true  tumor 
or  neoplasm  proper  is  always  composed  of  tissue  differing  in  type  from 
that  out  of  which  it  grows.  It  is  distinguished  from  inflammatory  tissue 
by  the  great  variety  of  forms  it  may  assume,  and  by  the  mode  of  its 
genesis. 

The  diversity  existing  between  the  neoplasm  and  the  matrix  is  mani- 
fested in  two  ways.  First,  the  new-formed  tissue  appears  as  a  more  .or 
less  sharply  bounded  and  defined  mass.  Secondly,  its  texture  and  struct- 
ure differ  from  those  of  its  matrix,  and  generally  to  such  an  extent  that 
the  difference  is  recognizable  with  the  unaided  eye  ;  it  is  of  course  still 
more  plainly  marked  under  the  microscope.  These  two  marks  are  gener- 
ally enough  to  determine  the  diagnosis  of  tumor,  though  not  invariably. 
In  a  whole  series  of  new-formations,  it  is  difficult  or  even  impossible  to 
distinguish  anatomically  between  hyperplastic  or  inflammatory  tissue  and 
true  neoplasm.  The  distinction  must  in  such  cases  be  based  on  the  life- 
history  of  the  tissue  in  question. 

It  should  be  noted — by  way  of  distinction  between  inflammatory  tis- 
sue and  a  neoplasm — that  the   latter  does  not  originate  in  extravasated 
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blood-cells,  so  far  at  least  as  its  essential  elements  are  concerned.  As 
distinguished  from  hyperplasia,  the  genesis  of  a  neoplasm  is  not  depend' 
ent  on  exaggerated  function  or  increased  activity  in  the  affected  organ  ;, 
moreover  it  does  not  retrogress,  but  continues  to  grow  on  vpithout  reach- 
ing any  particular  or  typical  termination. 

[The  term  tumor,  or  neoplasm,  has  been  very  differently  interpreted  by 
different  writers.  Virchow,  for  example,  includes  all  hyperplasias  and 
inflammatory  or  granulomatous  formations  among  the  tumors  ;  while 
Cohnheim  definitely  excludes  them.  Others  take  up  a  middle  position. 
This  difference  of  view  is  closely  connected  with  the  different  theories, 
held  concerning  the  etiology  of  tumors  (Arts.  177-181).  We  think 
with  Cohnheim  that  it  is  better  to  narrow  the  meaning  of  the  term  tu- 
mor so  as  to  exclude  hyperplasias  and  the  infective  granulomatous 
growths. 

References:  Virchow  ("Die  krankhaften  Geschwulste ")  ;  Liicke 
("Handb.  d.  Chir.  v.  Pitha  u.  Billroth,"  vol.  ii.)  ;  R.  Meier  ("  Lehrb.  d. 
allg.  Path.,"  1871);  Cohnheim  ("Allg.  Path.");  Paget  ("Surgical 
Path.").] 

.4 

137.  Tumors  have  been  distinguished  by  various  names  according  to- 
their  external  form.  Nodular  tumors  are  made  up  of  circumscribed 
nodes  or  nodules,  single  or  grouped.  Nodules  of  the  size  of  a  millet- 
seed  are  called  miliary  ;  smaller  ones  submiliary.  If  the  neoplasm  is  im- 
perfectly marked  off  from  its  matrix,  and  extends  into  it  by  continuous 
or  disconnected  outgrowths,  it  is  called  infiltrating.  The  terms  nodular 
and  infiltrating  are  not,  however,  antithetical.  A  tumor  may  have  nodes 
and  nodules,  and  yet  infiltrate  the  tissue  in  which  it  lies.  This  latter 
depends  on  the  mode  ofr  growth.  If  the  tumor  increase  interstitially 
("  central  "  or  "  expansive  "  growth),  it  merely  compresses  and  thrusts, 
away  the  surrounding  tissue,  but  does  not  infiltrate  it.  If  it  grows  at 
the  periphery  by  including  ever  fresh  portions  of  the  matrix-tissue  (  "ap-  < 
positional  "  or  "  eccentric  "  growth),  it  will  give  rise  to  the  appearance  | 
of  infiltration. 

.  A  tumor  seated  on  any  of  the  surfaces  of  the  body,  and  protruding 
so  as  to  form  a  segment  of  a  spheroid,  is  said  to  be  tuberous.  If  the- 
base  be  smaller  than  the  body  of  the  tumor,  it  is  fungous.  If  stalked,, 
it  is  polypous  or  pedunculated.  If  it  consist  of  several  small  and  close- 
set  protuberances,  like  the  papillae  of  the  skin,  rising  from  a  common 
stalk  or  base,  the  tumor  is  called  warty,  verrucose,  papillomatous,  or 
briefly  a  papilloma.  If  the  papillae  are  very  long  and  branched,  it  is 
described  as  a  dendritic  or  ramifying  growth. 

138.  The  texture  and  structure  of  tumors  are  very  various.  A  large 
group  consists  of  tissues  resembling  some  of  the  adult  or  embryonic  con- 
nective tissues  ;  they  are  thus  made  up  solely  of  mesoblastic  elements. 
Such  are  distinguished  as  histioid.  tumors,  or  more  simply  as  connec* 
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tive-tissue  tumors.  Some  of  them  are  firm  and  of  the  texture  of  fibrous 
tissue,  cartilage,  or  bone.  Others  are  soft  and  contain  adipose  tissue, 
mucous  tissue,  or  embryonic  or  indifferent  tissue.  Very  soft  varieties, 
resembling  brain  on  section  and  yielding  a  white  creamy  juice  on  being 
scraped,  are  described  as  encephaloid  or  medullary.  Not  uncommonly  a 
tumor  may  have  a  different  texture  in  different  parts  of  it  ;  it  is  thea 
spoken  of  as  a  mixed  tumor.  It  arises  w^hen  two  distinct  tissue-forms 
are  simultaneously  developed,  or  when  a  single  tissue  has  undergone 
partial  transformation  into  another. 

A  second  group  of  tumors  are  more  complex  in  structure.  They  con- 
sist not  only  of  mesoblastic  elements,  but  of  epiblastic  and  hypoblastic 
elements  in  addition  ;  in  other  words  they  contain  elements  derived  from 
epithelial  cells.  They  are  therefore  described  as  epithelial  tumors,  in 
contradistinction  to  the  connective-tissue  group.  Inasmuch  as  they  ex- 
hibit a  certain  similarity  of  structure  with  various  organs  of  the  body, 
they  have  also  been  called  organoid  tumors.  Their  structure  may  often 
be  recognized  with  the  naked  eye.  On  section  the  general  appearance 
is  that  of  a  dense  basis-substance,  built  up  of  reticulated  bands  and  trabe- 
culse,  and  containing  within  its  meshes  a  substance  of  different  color  and 
softer  consistence.  The  latter  often  takes  the  form  of  a  milky  or  creamy 
juice.     Medullary  forms  are  also  met  with  in  this  group. 

[A  tumor  resembling  its  matrix-tissue  in  texture  Virchow  calls 
homcBoplastic  ;  one  which  differs  widely  is  heteroplastic.  The  latter 
term  implies  that  in  normal  circumstances  tissue  like  that  of  the  tumor 
never  occurs  at  all  at  the  spot  in  question  ;  or  at  any  rate  not  at  the  par- 
ticular stage  of  development  reached  at  the  time  in  question.  A  tumor 
may  thus  be  heteroplastic  as  regards  its  site  (heterotopic),  or  as  regards 
its  date  (heterochronic).  By  excluding  the  m*re  hyperplasias  from  the 
category  of  tumors,  we' are  bound  in  strictness  to  regard  all  tumors  as 
heteroplastic  ;  they  never  are  of  exactly  the  same  structure  as  the 
matrix-tissue.  A  division  of  tumors  into  homologous  and  heterologous 
growths  has  been  proposed.  Homologous  growths  are  such  as  resemble 
some  normal  tissue  of  the  body  ;  heterologous  growths  such  as  resemble 
no  mature  normal  tissue.  Unless  a  homologous  growth  is  heterotopic  it 
is  not  distinguishable  from  a  hyperplasia.  A  growth  which  is  strictly 
heterologous  must  be  heteroplastic] 

139.  Every  tumor  is  developed  from  pre-existing  tissue-cells  by  pro- 
liferation ;  in  some  tumors  new  blood-vessels  are  also  formed.  The  pro- 
cesses of  cell-division  and  of  vascularization  are  identical  with  those  de- 
scribed in  Arts.  74  and  86.  Nuclear  subdivision  is  indirect  ;  new  vessels 
are  formed  by  off-shoots  from  existing  ones. 

Tumors  usually  develop  from  small  beginnings.  It  is  rarely  that  their 
site  of  origin  extends  over  an  entire  organ.  From  this  it  follows  that 
they  do  not  usually  lead  to  an  enlargement  of  the  organ  as  a  whole,  but 
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rather  tend  to  form  definite  nodes  or  protuberances.  Some  grow  with 
great  rapidity  ;  others  slowly  and  intermittently.  There  is  no  limit  to 
their  growth  ;  they  often  reach  enormous  dimensions.  They  may  cease 
to  grow  at  all  for  years  together,  and  then  suddenly  begin  again. 

Neoplastic  or  tumor-tissue  is  very  liable  to  retrogressive  changes  ; 
this  is  especially  true  of  quickly  growing  cellular  tumors.  All  the  retro- 
o-ressive  changfes  which  affect  normal  tissues  are  observed  in  tumors — 
fatty  degeneration,  mucoid  degeneration,  necrosis,  caseation,  disintegra- 
tion, softening,  liquefaction,  gangrene,  infarction,  calcification,  pigment- 
ation (as  in  melanoma),  etc.  Inflammations  are  also  very  common  in 
tumors. 

Any  of  these  processes  may  lead  to  partial  destruction  of  a  tumor. 
Cavities  or  ulcers  are  often  formed  in  consequence  of  softening,  and  the 
new  tissue  may  thus  be  disintegrated  and  destroyed — slowly  or  rapidly 
as  the  case  may  be.  It  is  unfortunate  that  this  process  does  not  usually 
bring  about  the  removal  and  eradication  of  the  tumor,  especially  in  the 
so-called  malignant  forms.  The  centre  may  break  down,  but  the  peri- 
phery continues  steadily  to  advance.  It  may  even  happen  that  the  peri- 
pheral advance  is  accelerated  by  the  inflammatory  disintegration  of  the 
central  parts. 

[It  is  highly  probable  that,  during  the  development  of  a  neoplasm,  the 
walls  of  the  blood-vessels  are  somehow  damaged  or  impaired.  In  support 
of  this  it  may  be  mentioned  that  in  the  neighborhood  of  tumors  we 
always  find  aggregations  of  small  extravasated  leucocytes.  The  manner 
in  which  this  impairment  of  the  vessel-walls  is  brought  about  remains 
unknown.] 

140.  Most  tumors  ar#  solitary.  In  other  words,  there  is  originally 
but  a  single  primary  tumor.  It  is  less  frequent  to  find  two  tumors  grow- 
ing in  an  organ  simultaneously,  or  in  quick  succession.  In  the  latter 
case  we  must  suppose  that  appropriate  conditions  arise  at  the  same  time 
at  the  different  sites.  Now  and  again  it  happens  that  several  tumors,  all 
of  different  structure,  appear  simultaneously  in  the  same  person. 

From  such  multiple  primary  neoplasms  we  must  of  course  distinguish 
what  are  called  metastatic  formations.  Metastasis  in  this  case  implies 
a  secondary  neoplastic  eruption,  resulting  from  the  transmission  of  ele- 
ments of  the  original  or  parent  tumor  to  a  remote  part  of  the  body,  and 
the  development  of  a  daughter-tumor  from  these  germinal  elements. 

The  germ  or  other  virus  given  off  by  the  parent  tumor  is  conveyed  to 
other  regions  through  the  lymphatics,  or  through  the  blood-vessels.  Ac- 
cording to  the  channel  of  transport,  we  find  metastatic  affections  in  the 
lymphatic  vessels  and  glands  which  receive  the  infected  lymph  ;  or  in 
remote  organs  irrigated  by  the  infected  blood,  either  directly  or  after 
passing  through  the  heart.  Thus  in  cancerous  disease  of  the  intestine 
we  find  secondary  nodules  developed  in  the  liver,  through  the  medium  of 
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the  portal  system  ;  from  the  liver  some  germs  may  even  find  their  way 
into  the  lungs.  The  germinal  elements  usually  reach  the  blood  by  the 
direct  penetration  of  the  tumor-tissue  into  the  lumen  of  a  blood- 
vessel. 

The  development  of  the  daughter-tumor  starts  unquestionably  from 
these  transported  germs.  This  is  probable  d  priori  from  the  fact  that 
the  metastatic  or  secondary  tumor  has  always  the  same  structure  as  the 
primary.  The  germs  are,  furthermore,  essentially  composed  of  cells  in  a 
condition  of  vital  activity.  The  share  taken  by  the  matrix-tissue  in 
which  the  germs  are  deposited  is  not  always  the  same.  In  all  cases  it 
must  furnish  the  necessary  nutriment  and  blood-vessels,  for  without  these 
no  new  growth  is  possible.  But  it  very  often  furnishes  other  elements, 
and  especially  connective  tissue.  Proliferation  is  set  up  around  the 
transplanted  germs,  and  tissue  is  thereby  formed  ;  while  migratory  leu- 
cocytes generally  contribute  something  to  the  whole.  The  secondary 
tumors  developed  may  vary  greatly  in  number.  They  are  usually  marked 
off  definitely  from  the  surrounding  tissue  ;  it  is  very  uncommon  for 
metastases  of  the  kind  to  take  the  form  of  diffuse  infiltration.  This  hap- 
pens (if  at  all)  in  the  case  of  bone,  which  may  be  transformed  into  tumor- 
tissue  by  secondary  change  affecting  almost  the  entire  skeleton. 

Metastases  are  not  invariably  produced  by  all  tumors  ;  many  of  these 
never  extend  beyond  the  limits  of  their  primary  seat.  The  clinical  char- 
acter of  benignancy  or  innocency  is  generally  correlated  with  this  prop- 
erty of  tumors  ;  malignancy  is  a  character  of  the  metastatic  varieties. 
Other  marks  of  malignancy  are  the  tendency  to  infiltrate  and  so  destroy 
the  surrounding  tissue,  and  the  tendency  to  recur  after  apparent  extir- 
pation. 

[Malignancy,  or  the  tendency  of  a  tumor  to  invade  the  neighboring 
tissue  and  to  produce  metastatic  tumors,  is  usually  regarded  as  an  inher- 
ent property  of  the  tumor.  Cohnheim  has  recently  expressed  a  different 
opinion  ("  Allg.  Path.,"  i.).  He  tries  to  explain  malignancy  by  assum- 
ing that  the  physiological  resistances  to  invasion  are  somehow  dimin- 
ished. Germs  transplanted  into  fresh  tissue  are  sure,  he  thinks,  to  perish 
in  consequence  of  the  normal  chemical  or  metabolic  changes  which  go  on 
in  the  tissue.  They  can  only  develop  when  these  metabolic  changes 
cease  to  be  normal.  His  main  ground  for  this  view  is  derived  from  an 
experiment  made  by  himself  and  Maas  ("  Virch.  Arch.,"  vol.  Ixx.).  They 
introduced  pieces  of  living  periosteum  into  the  pulmonary  vessels,  and 
found  that  they  grew  for  a  time,  but  were  ultimately  absorbed  and  disap- 
peared. The  diminished  resisting  power  of  the  tissues  may  be  either 
congenital  or  acquired.  The  latter  is  especially  the  case  in  advanced 
age. 

Ziegler  is  unable  fully  to  agree  with  this  view.  Though  the  condition 
of  the  tissue  has  undoubtedly  a  great  influence  on  the  development  of  a 
germ  transplanted  into  it,  yet  this  alone  cannot  determine  the  malignity 
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of  the  parent  tumor.  It  surely  depends  on  the  structure  and  texture  of 
the  tumor  whether  its  germs  can  be  carried  off  at  all  and  transported  by 
the  stream  of  lymph  or  blood.  And  the  faculty  of  developing  in  proper 
circumstances  must  be  inherent  in  the  germs  themselves.  Zahn  ("  Sur 
le  sort  des  tissus  emplant6s  dans  I'organisme,"  Geneva,  1878)  found  that 
foetal  tissues  continued  to  grow  for  a  time  when  introduced  into  the 
body  of  an  animal.  Leopold  has  quite  recently  confirmed  this  observa- 
tion ("  Virch.  Arch,,"  vol.  Ixxxv.),  Pieces  of  living  tissue,  taken  from 
embryo  rabbits  and  transplanted  into  other  rabbits,  are  in  part  absorbed, 
and  in  part  continue  to  grow.  The  latter  is  especially  true  of  embryonic 
cartilage.] 

141.  The  formation  of  a  tumor  is  always  more  or  less  fraught  with 
injury  to  the  affected  organ,  and  in  many  cases  to  the  entire  system. 
The  least  harmful  tumors  are  those  which  grow  slowly  and  by  expansion, 
so  that  they  merely  compress  the  surrounding  tissue.  If  this  is  expansi- 
ble or  yielding,  like  the  skin,  the  resulting  changes  may  be  trifling.  But 
it  is  not  rare  for  the  compressed  tissue  to  become  atrophied  or  absorbed. 
If  the  neoplasm  be  an  infiltrating  one,  the  surrounding  tissue  suffers 
much  more  seriously.  It  either  perishes  outright,  or  begins  to  prolife- 
rate and  so  contributes  materials  to  the  general  growth.  This  is  espe- 
cially the  fate  of  tissues  which  have  specific  functions  ;  the  specific  ele- 
ments die,  while  the  fibrous  or  connective  framework  persists  and  becomes 
hyperplastic. 

A  tumor  requires"  to  be  fed  if  it  is  to  grow  ;  hence  the  organ  in  which 
it  is  placed  and  the  system  generally  are  deprived  of  a  certain  proportion 
of  nutriment  to  supply  the  tumor.  If  growth  is  slow  the  deprivation  is 
unimportant,  but  it  may  become  grave  in  the  case  of  rapidly  increasing- 
tumors. 

The  seat  of  the  tumor  is  of  serious  import.  It  need  hardly  be  said, 
for  instance,  that  a  tumor  growing  in  the  brain  or  spinal  cord  has  an  alto- 
gether different  significance,  so  far  as  life  is  concerned,  from  that  of  one 
developed  in  the  skin.  So  also  a  tumor  in  the  oesophagus  obstructing 
the  passage  of  food,  or  one  in  the  stomach  interfering  with  digestion,  will 
lead  to  more  serious  results  than  one,  say,  in  the  bone  of  the  finger.  In 
the  one  case  the  function  of  an  essential  organ  is  impaired  by  the  presence 
of  the  tumor,  in  the  other  the  effects  are  merely  local. 

Metastatic  or  secondary  formations  have  always  an  unfavorable  signi- 
ficance. As  the  neoplastic  foci  become  more  numerous,  so  also  do  the 
organs  exposed  to  the  risk  of  injury  by  pressure,  invasion,  or  abstraction 
of  nutriment. 

Disintegrative  changes  and  ulcerations  connected  with  tumors  are 
specially  destructive.  There  is  nearly  always  an  active  secretion  and 
loss  of  substance  from  the  surface  of  such  ulcers,  and  the  body  is  re- 
duced by  the  constant  drain.  Moreover,  it  is  not  uncommon  for  putre- 
factive changes  to  be  set  up  in  the  products  of  disintegration,  and  then 
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the  risk  of  blood-poisoning  by  absorption  of  septic  matters  becomes  con- 
siderable. 

Tumors  may  thus  impair  the  function  of  essential  organs,  or  give  rise 
to  a  serious  drain  of  matter  from  the  body,  or  bring  about  a  kind  of 
blood-poisoning  through  the  absorption  of  deleterious  products  of  decay; 
in  any  or  all  of  these  ways  the  general  nutrition  may  be  profoundly  dis- 
turbed, and  the  patient  fall  into  grave  ill-health.  This  is  spoken  of  as 
the  cachexia  of  tumor.  It  may  become  so  profound  that  the  patient 
dies  of  exhaustion. 


CHAPTEE  XXVI. 

TUMOES    DEVELOPED  IN    MESOBLASTIC   TISSUES— CONNECTIVE. 

TISSUE  TUMOES. 

a.  Fibroma. 

142.  A  fibroma  is  a  tumor  made  up  of  fibrous  tissue.  It  usually 
takes  the  form  of  a  sharply  defined  node  or  lump,  and  occupies  a  part 
only  of  the  organ  in  which  it  is  seated.  More  rarely  the  organ  (as  e.g.^ 
the  ovary)  becomes  transformed  throughout  into  a  fibrous  mass.  Fibro- 
mata occurring  on  epithelial  or  mucous  surfaces  often  take  a  papilloma- 
tous form. 

The  fibroma  is  of  very  varying  consistence,  according  to  the  texture 
of  its  component  tissue.  It  is  often  very  firm  and  tough,  grating  under 
the  knife,  and  having  a  glistening  gristly  look  on  section  (desmoid 
fibroma).  In  other  instances  it  may  be  soft  and  flabby,  vpith  a  grayish 
translucent  section.  Other  specimens  will  be  found  in  which  the  scat- 
tered fibrous  bands  are  dense  and  white  and  glistening,  but  the  general 
structure  is  loose  and  incompact  ;  so  that  the  tumor,  as  a  whole,  is  ren- 
dered limp  and  flabby.  All  varieties  of  intermediate  forms  occur  be- 
tween the  firm  and  the  soft,  and  even  within  the  same  tumor  different 
parts  may  be  of  different  consistence.  The  firm  varieties  are  seen  under 
the  microscope  to  be  made  up  chiefly,  of  large  coarse  fibrous  bundles,  in- 
terspersed more  or  less  thickly  with  cells  whose  protoplasm  is  scanty. 

The  softer  fibromata,  with  their  translucent  grayish  section,  are  usu- 
ally richer  in  cells.  By  teasing  out  a  fragment  it  is  easy  to  isolate  num- 
bers of  slender  spindle-shaped  or  caudate  cells.  The  intervening  sub- 
stance is  more  scanty,  the  fibrils  less  coarse  and  gathered  into  smaller 
bundles.  Stained  sections  of  such  fibromata  appear  as  if  they  were  full 
of  nuclei  (Fig.  38). 

In  loose-textured  fibromata  a  clear  juice  is  contained  between  the 
fibrous  bundles,  which  are  crossed  and  plaited  and  interwoven  in  all  direc- 
tions. 

The  fibroma  is  developed  from  proliferous  connective-tissue  cells. 
Accordingly  spots  are  often  to  be  found  in  it  where  cells  are  more  abun- 
dant than  in  the  tumor  generally  ;  in  such  spots  we  find  not  only  the 
slender  spindle-shaped  kind,  but  also  round  and  oval  cells,  and  even  stel- 
late cells.     The   transformation   of  the  proliferated  cellular  tissue  into 
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fibrous  tissue  is  ejEfected   by   the   same   steps  as   in  fibrous   hyperplasia 
(Art.  85). 

Fibromata  may  occur  in  very  various  tissues  ;  in  any  structure  indeed 
which  contains  any  form  of  connective  tissue.  Thus  they  are  found  in 
the  skin,  nerves,  ovary,  periosteum,  fasciae,  uterus,  and  less  often  in  the 
mamma,  alimentary  canal,  etc.  Their  appearance  is  always  manifestly 
different  from  that  of  the  matrix  in  which  they  are  seated  (Fig.  38). 
Fibromata  do  not  give  rise  to  metastatic  or  secondary  tumors,  thouglj 
thev  are  often  enough  multiple,  especially  in  the  skin,  nerves,  and  uterus. 
Within  the  same  tumor  we  may  often  make  out  several  centres  of 
growth  ;  the  fibroma  is,  in  fact,  composed  of  several  nodes  separated  by 
ordinary  fibrous  tissue.  Such  tumors  can  only  do  injury  in  virtue  of  their 
size  or  of  their  site. 
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8. — Fibroma  Molluscum  of  the  Skin,     x    25.    (Injected  preparation  stained  with  haematoxylin.) 
«,  fibroma  ;  6,  papilla  thinned  out  by  distention. 


Now  and  then  fibromata  undergo  degenerative  changes.  They  may 
become  fatty,  or  may  soften  and  break  down,  so  that  cavities  form  within 
them.  They  may  give  way  at  the  surface,  and  so  ulcerate  ;  sometimes 
they  become  partially  calcified,  as  in  the  case  of  uterine  "  fibroids."  They 
may  be  highly  vascular,  or  the  reverse  (Fig.  38).  In  rare  cases  the  blood- 
vessels become  wide  and  dilated,  so  that  the  tissue  is  pierced  with  capa- 
cious channels  and  cavities  containing  blood.  In  other  instances  the 
lymphatics  are  similarly  dilated. 


[It  is  not  always  easy  to  distinguish  between  true  fibroma  and  fibrous 
hyperplasia.  In  general  the  fibroma  is  characterized  by  the  difference 
between  its  texture  and  that  of  the  surrounding  tissue,  from  which,  more- 
over, it  is  for  the  most  part  sharply  defined.  These  characters  are  usually 
wanting  in  hyperplasias,  such,  for  instance,  as  those  consequent  on  chronic 
inflammation.  Now  and  then,  however,  we  meet  with  inflammatory  hyper- 
plasias which  are  circumscribed — such  as  venereal  warts  in  the  skin,  and 
the  nodes  developed  in  the  lungs  around  inhaled  dust-particles.  As  in 
the  last  instance,  their  texture  may  be  different  from  that  of  the  ma- 
trix.    It  is  the  life-history  and  mode  of  genesis  to  which  we  must  appeal 
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In  such  cases.      Inflammatory  hyperplasias,  being  mere  products  of  in- 
flammation, cannot  properly  be  reckoned  among  the  true  tumors.] 

h.  Myxoma. 

143.  When  the  ground-substance  of  a  fibroma  swells  up  by  the  im- 
bibition of  fluid,  it  becomes  gradually  more  and  more  translucent  and 
may  even  become  transparent.  The  tumor  at  length  resembles  a  mass  of 
jelly.  A  swollen  fibrous  tumor  of  this  kind  is  best  described  as  an  oede- 
matous  fibroma.  The  texture  of  many  oedematous  fibromata  much  re- 
sembles that  of  the  umbilical  cord  in  nearly  mature  foetuses  ;  where  the 
cells  and  fibrils  are  more  or  less  thrust  asunder  and  interpenetrated  by  a 
transparent  juice  (Wharton's  jelly). 


Fig.  39. — Cells  from  a  Periosteal  Myxoma  of  the  Thigh. 


(Gold  staining.) 


Adipose  tissue,  whether  neoplastic  (Art.  144)  or  normal,  may  simi- 
larly become  transformed  into  a  gelatinous  mass.  The  fat  disappears 
from  the  cells,  and  a  dense  saline  liquid  collects  between  them.  They 
ultimately  assume  a  ramified  or  stellate  form. 

No  sharp  line  can  be  drawn  between  jelly-like  oedematous  fibromata 
and  lipomata,  and  true  myxoma.  Many  writers  do  not  hesitate  to  in- 
clude the  former  class  among  the  myxomata.  It  is  perhaps  more  correct 
to  reserve  the  name  for  tumors  in  which  we  have  not  only  a  swollen  and 
semi-liquid  condition  of  the  interfibrillar  substance  (a  substance  normally 
containing  mucin),  but  also  an  actual  solution  of  the  fibrillse  and  replace- 
ment of  them  by  dense  saline  juice.  Such  a  tissue  is  highly  translucent, 
almost  transparent,  in  fact.  The  cells  it  contains  are  generally  much 
ramified,  though  some  remain  rounded  (Fig.  39).     They  here  and  there 
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undergo  mucoid  degeneration  and  so  perish.  Pure  mucous  tissue,  such 
as  we  have  just  described,  is  never  uniformly  present  throughout  the 
tumor  ;  there  is  no  such  thing  as  a  perfectly  pure  myxoma.  The  bulk 
of  the  tumor  is  generally  made  up  of  oedematous  connective  tissue  ;  some 
parts  of  it  may  even  be  coarsely  fibrous.  It  is  thus  best  described  as 
myxofibroma  or  myxolipoma,  as  the  case  may  be, 

Myxomata  are  most  commonly  found  in  the  fibrous  tissue  of  the  peri- 
osteum, skin,  fascias,  and  i^uscular  septa,  as  also  in  the  subcutaneous  and 
subserous  fat,  and  in  the  marrow^  of  bone.  They  are  innocent  and  rarely 
give  rise  to  metastases.  On  the  other  hand,  they  may  grow  to  an  inordi- 
nate size,  and  may  also  be  multiple.  ,, 

[Koster  ("  Sitzungsb.  d.  niederrhein.  Ges.  f.  Natur-  und  Heilk.,"  Jan- 
uary 17, 1881)  and  his  pupil  Rumler  ("  In.  Diss.  Bonn  ")  have  investigated 
the  relation  between  myxoma  and  oedematous  fibroma.  Koster  regards 
swollen  and  saturated  connective  tissue  as  identical  with  mucous  tissue. 
Myxomata  arise  merely  from  the  swelling  up  (by  imbibition)  of  the 
ground-substance  of  the  various  connective  tissues.] 

c.  Lipoma. 

144.  liipomata  are  tumors  composed  of  adipose  tissue.  They  form 
soft  or  firm  lobular  masses,  often  of  considerable  size.  Their  structure  is 
very  much  like  that  of  the  subcutaneous  jt?a^^^^^cM?ws  adiposus  ;  it  is  made 
up  of  a  series  of  fatty  lobules  bound  together  by  fibrous  septa  of  varying 
thickness.  The  lobules  of  the  tumor  are,  however,  rather  larger  than  the 
normal  ones. 

If,  as  is  not  uncommon,  we  have  mucous  tissue  associated  with  the 
adipose,  the  tumor  is  described  as  a  lipomyxoma  j  if  it  contains  abun- 
dant fibrous  tissue  it  is  a  lipofibroma, 

Lipomata  generally  arise  from  normal  adipose  tissue,  though  they 
may  also  be  developed  in  connective  tissues  which  normally  contain  no 
fat,  such  as  the  submucous  coat  of  the  intestine,  and  the  dura  mater. 
The  larger  lipomata  not  infrequently  undergo  either  calcification,  necrosis, 
gangrene,  or  putrid  decomposition.  They  do  not  form  metastases,  though 
they  are  often  multiple.  The  fat  they  contain  is  never  completely  ab- 
sorbed, even  when  the  patient  becomes  utterly  emaciated. 

d.  Glioma. 

145.  Gliomata  are  tumors  which  develop  from  the  neuroglia-cells  of 
the  central  nervous  system,  and  when  mature  are  largely  made  up  of 
neuroglia-cells.  They  are  formed  in  the  brain,  and  more  rarely  in  the 
spinal  cord.  They  appear  as  tumors  which  are  imperfectly  marked  off 
from  the  healthy  brain-  or  cord-substance  ;  the  margin  of  the  tumor  grad- 
ually merges  into  the  healthy  tissue.     They  have  thus  the  look  rather  c  i 


206 


A    TEXT- BOOK    OF    PATHOLOGICAL    ANATOMY. 


localized  swellings  than  of  tumors  ;  but  the  difference  in  tint,  and  the 
blurring  of  the  normal  distinctions  between  the  various  elements  of  the 
brain-substance,  serve  to  make  good  the  diagnosis. 

Their  appearance  varies.     Some  are  light  gray  and  translucent  like  the  i 
cortical   substance,   and   fairly  firm   in    consistence.     Others  are  whiter,  i 
coarser,  and  firmer.     Others  again  are  grayish  red  or  even  dark  red,  in 
which  case  they  are  traversed  by  large  and  numerous  blood-vessels.     Vas- 
cular gliomata  often   enclose  hemorrhagic  patches.     They  are  subject  to 
fatty  degeneration,  caseation,  softening,  and  disintegration. 

A  section  of  a  mature  glioma  exhibits  under  the  microscope  a  kind  of 
felted  texture,  made  up  of  excessively  fine  lustrous  filaments  (Fig.  40,  £) 
interspersed  with  a  multitude  of  slightly  oval  nuclei.  The  nuclei  are 
surrounded  by  a  scanty  hardly  visible  protoplasm.     If,  however,  the  prep- 


Fig.  40. — Glioma  from  the  Brain,  x  350.  A,  cells  isolated  by  teasing  and  stained  with  carmine.  B, 
section  of  the  same  tumor  hardened  in  Miiller's  fluid,  mounted  in  Canada  balsam,  and  stained  with  aniline 
brown. 

aration  be  examined  when  quite  fresh,  or  after  treatment  with  Muller's 
fluid,  it  is  readily  seen  that  the  nuclei  belong  to  cells  which  are  furnished 
with  numerous  delicate  ramifying  processes  going  off  in  various  directions 
(Fig.  40,  A).  These  cells  are  very  similar  to  neuroglia-cells,  though  they 
are  often  decidedly  larger  and  coarser.  Some  of  them  may  contain  two, 
three,  or  more  nuclei. 

Researches  on  the  development  of  glioma  have  shown  that  the  neu- 
roglia-cells are  the  parent  cells  to  the  tumor.  The  ganglion-cells  take  no 
part  in  the  proliferous  process.  The  proportion  of  cells  in  the  tumor 
varies  greatly  ;  sometimes  the  cells  form  the  bulk  of  it,  and  sometimes 
the  fibrous  framework. 

The  vessels  are  often  highly  developed,  and  may  be  sacculated  or 
generally  dilated. 

Glioma  is  usually  solitary,  and  as  regards  metastasis  is  innocent ;  it  is 
only  locally  malignant. 
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Certain  cellular  tumors  of  the  retina  have  been  described  as  glioma- 
tous  ;  their  elements  resemble  the  cells  of  the  granular  layer.  As  they 
grow  they  invade  on  the  one  hand  the  orbital  cavity  behind  the  eyeball, 
or  on  the  other  hand  break  through  the  cornea  and  sclerotic,  passing 
forward.  They  recur  after  apparent  extirpation,  and  give  rise  to 
metastases.  The  cells  in  which  they  are  made  up  are  partly  round  and 
simple,  and  partly  ramified.  It  seems  questionable  whether  we  are 
justified  in  calling  these  tumors  gliomata.  We  are  inclined  to  maintain 
that  they  are  really  sarcomata. 

[Glioma  was  first  defined  and  named  by  Virchow  ("  Die  k.  Ge- 
schwiilste,"  ii.,  ch.  18).  Klebs  has  recently  propounded  the  theory  ("Bei- 
trage  zur  Geschwulstehre,"  i.,  1879)  that  the  ganglion-cells  play  an  active 
part  in  the  formation  of  gliomata.  Ziegler  and  Christoph  examined  a 
large  number  of  gliomata,  both  fresh  and  hardened,  but  failed  altogether 
to  find  evidence  for  this  view.  The  nuclei  of  the  ganglion-cells  seemed 
never  to  subdivide.  In  the  instances  where  this  at  first  sight  appeared 
to  occur,  closer  investigation  showed  that  the  suspected  ganglion-cell  had 
merely  incorporated  a  neuroglia-cell.] 

e.    Chondroma. 

146.  Chondromata  (or  enchondromata)  are  tumors  which  consist 
essentially  of  cartilage.  The  slight  amount  of  fibrous  tissue  usually 
present  in  a  chondroma  is  of  altogether  minor  importance.  It  either 
serves  to  cover  the  surface  of  the  tumor,  or  penetrates  the  interior, 
carrying  the  nutrient  blood-vessels. 

Cartilaginous  tumors  are  chiefly  developed  in  regions  which  normally 
contain  cartilage  ;  that  is  to  say,  in  the  osseous  system  or  in  the  cartila- 
ginous parts  of  the  respiratory  system.  They  may  occur,  however,  in 
tissues  which  are  normally  devoid  of  cartilage,  such  as  the  testis  and 
parotid  gland,  and  more  rarely  in  other  organs.  They  are  of  very  various 
size;  the  smaller  ones  are  generally  globular,  the  larger  are  lobed  or 
nodular.  The  several  lobes  are  in  the  latter  case  separated  by  fibrous 
tissue.  They  are  often  multiple,  especially  in  the  skeletal  structures  of 
the  hands  and  feet. 

The  tumor-tissue  has  usually  the  structure  of  hyaline  cartilage, 
though  sometimes  yellow  cartilage  or  fibro-cartilage  largely  replaces  it. 
Even  in  hyaline  chondromata,  however,  there  are  always  patches  in  which 
the  matrix-substance  is  beset  with  fibres.  At  the  periphery  the  cartilage 
passes  gradually  into  fibrous  tissue,  which  forms  a  sort  of  perichondrium. 
The  hyaline  matrix  often  has  a  dusty  or  ground-glass  appearance. 

The  number,  size,  shape,  and  grouping  of  the  cartilage-cells  vary 
much  in  different  cases,  and  even  within  the  same  tumor.  Many  tumors 
abound  in  cells,  in  others  they  are  sparse  ;  in  some  the  cells  are  large,  in 
others  small.     They  may  be  surrounded  by  capsules,    or  they  may  be 


208  A    TEXT-BOOK    OF    PATHOLOGICAL    AKATOMY. 

naked  ;  and  crowded  in  groups  within  single  capsules,  or  more  uniformly 
scattered.  Every  variety  of  normal  cartilage  may  occur  also  in  chon* 
dromata.  The  form  of  the  cells  varies  accordingly  ;  they  are  usually 
spherical,  but  fusiform  and  stellate  cells  are  not  uncommon,  especially  in 
the  neighborhood  of  the  fibrous  septa  which  divide  or  surround  the 
lobules  of  the  tumor.  So  far  as  the  development  of  the  tissue  is  con- 
cerned, all  that  was  said  in  Art.  87  applies  also  here.  The  matrix  is  de- 
rived either  from  pre-existing  cartilage,  or  from  marrow,  periosteum, 
bone,  or  other  connective  tissue.  Cartilaginous  tumors  which  originate 
in  cartilage  have  been  called  ecchondroses  {cf.  exostoses). 

Chondromatous  tissue  is  very  apt  to  undergo  retrogressive  change. 
Some  of  the  cells  generally  contain  oil-globules.  In  large  tumors  the 
matrix-substance  frequently  undergoes  mucoid  softening  and  liquefaction, 
at  points  scattered  here  and  there  through  it.  This  results  in  the  forma- 
tion of  mucous  tissue  (Arts.  90-92)  ;  or  in  complete  liquefaction  of  the 
matrix  and  destruction  of  the  cells,  and  so  in  the  formation  of  cysts  con- 
taining liquid.  In  other  cases  the  cartilage  becomes  calcified,  or  true 
bone  is  developed  (Art.  165).  Sarcomatous  tissue  may  be  produced 
when  the  cartilage-cells  multiply  rapidly. 

Chondromata  are  generally  speaking  innocent,  though  metastases  are 
occasionally  met  with. 

[In  reference  to  cartilaginous  growths,  we  must  be  careful  to  dis- 
tinguish hyperplasia  from  true  neoplasm.  We  must  not  set  down  all 
cartilaginous  formations  as  chondromata,  even  when  they  are  extensive. 
We  often  find  considerable  cartilaginous  growths  in  connection  with 
bones  (especially  at  the  articular  ends),  which  are  quite  certainly  to  be 
regarded  as  hyperplastic.  It  is  the  general  course  of  the  process  which 
must  decide  in  each  case.  The  more  completely  a  growth  differs  from 
its  matrix,  and  develops  as  an  independent  tissue,  the  more  certain  we 
are  that  it  is  a  real  tumor. 

Virchow  ("  Monatsber.  d.  Acad.  d.  Wiss.,"  Berlin,  1875)  has  made  it 
probable  that  many  osseous  enchondromata  originate  in  remnants  of 
cartilage  which  have  abnormally  remained  unossified.  Such  quiescent 
islands  of  cartilage  certainly  exist  and  are  not  at  all  uncommon  ;  it  may 
well  happen  that  they  suddenly  resume  the  habit  of  growth  and  begin  to 
proliferate.  Virchow  suggests  (by  way  of  accounting  for  parotid  en- 
chondromata) that  outlying  bits  of  foetal  cartilage  may  lodge  in  the 
rudimental  parotid  gland,  which  properly  belong'  to  the  rudimental  pinna 
of  the  ear.  See  Paget,  "  Surg.  Path.,"  Lect.  26  ;  "  Medico-Chir.  Trans.," 
1855  ;  Ranvier,  "  Bull.  Soc.  Anat.,"  1865  ;  Virchow  and  Hirscfc,  *'•  Virch. 
Jahresber.,"  1869.  | 

f.    Osteoma. 

147.  The  osteomata  are  tumors  composed  of  osseous  tisfiue.  Their  usual 
seat  is  in  connection  with  the  bones,  though  they  may  occur  elsewhere. 
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Osseous  formations  connected  with  the  bones  have  received  different 
names  according  to  their  site  and  disposition.  Hyperostosis  is  dif- 
fused and  extensive  overgrowth  in  a  bone.  When  the  new-formed 
tissue  is  seated  upon  a  definite  spot  in  the  old  bone  it  is  described  as  an 
osteophyte  \  or,  if  it  be  larger  and  more  like  a  tumor,  as  an  exostosis. 
Circumscribed  bony  growths  in  the  interior  of  bones  are  called  enosto- 
ses.  Bony  growths  which,  are  not  rigidly  connected  with  the  bone  are 
divided  into — mobile  periosteal  exostoses,  which  are  seated  on  the  peri- 
osteum thougli  separate  from  the  bone  ;  parosteal  osteomata  placed  near 
to  the  bone,  but  not  connected  with  it  ;  independent  osteomata  remote 
from  the  bone  and  seated  in  tendon  or  muscle  ;  and  finally,  the  strictly 
heteroplastic  osteomataj  which  may  be  seated  in  the  lungs,  brain- 
membranes,  diaphragm,  skin  (rarely),  parotid  gland,  etc. 

Excrescences  also  occur  in  connection  with  the  teeth.  If  they  consist 
of  cement  or  crusta  petrosa,  they  are  called  dental  osteomata  ;  if  they 
consist  of  dentine  they  are  odontomata.  The  latter  originate  in  a  hyper- 
plasia of  the  pulp  daring  the  development  of  the  tooth. 

The  texture  of  an  osseous  tumor  may  resemble  that  of  ivory,  as  in 
eburnated  osteoma  ;  or  it  may  be  soft  and  spongy,  as  in  spongy  or  can- 
cellous osteoma  ;  the  farmer  varieties  are  built  up  of  dense  and  compact 
tissue  with  narrow  nutrient  canals,  and  similar  to  the  cortical  layer  of 
the  long  bones.  The  latter  are  built  of  thin  and  delicate  trabeculse  en- 
closing large  medullary  spaces  ;  they  are  allied  in  texture  to  cancellous 
bone. 

The  surface  is  sometimes  uniform  and  smooth,  so  that  the  entire 
tumor  is  conical,  spherical,  or  pyriform  ;  sometimes  it  is  irregular,  rough, 
or  tuberculated,  without  any  definite  figure.  Ivory-like  tumors  are  gen- 
erally of  the  first  kind  ;  they  occur  most  commonly  as  exostoses  of  the 
skull.  Spongy  exostoses  are  of  the  second  kind,  as  are  also  the  inde- 
pendent and  heteroplastic  osteomata. 

The  development  of  the  osseous  tissue  in  tumors  follows  the  course 
described  in  Art.  88.  It  is  effected  partly  by  the  agenc}'^  of  osteoblasts, 
partly  by  metaplasia  of  the  existing  tissue.  The  ground-substance  is 
chiefly  derived  from  the  connective  tissue  of  the  periosteum  and  of  the 
structures  in  which  the  tumor  is  beaded  ;  as  well  as  from  cartilage  and 
bone-marrow.  When  cartilage  is  first  produced  by  periosteal  prolifera- 
tion, and  then  transformed  into  bone,  the  growth  is  described  as  a  car- 
tilaginous exostosis.  When  bone  is  directly  produced,  by  suppression  of 
the  cartilaginous  stage,  we  have  a  fibrous  exostosis. 

Many  abnormal  bony  growths  are  not,  strictly  speaking,  tumors,  but 
rather  hyperplasias  resulting  from  excessive  growth  or  inflammation. 
This  is  true  not  only  of  most  hyperostoses,  osteophytes,  and  exostoses, 
but  also  of  some  parostoses  and  independent  osteomata.  Of  this  nature 
are  the  bony  growths  produced  in  the  adductors  of  the  thigh  by  con- 
stant riding,  and  in  the  deltoid  by  the  shouldering  of  the  rifle  in  manual- 
exercise.  In  what  way  fibrous  tissues  which  never  produce  bone  nor- 
.14 
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mally  are  excited  to  produce  it  by  long-continued  irritation,  is  not  easy 
to  determine.  We  only  know  that  the  occurrence  is  not  by  any  means 
impossible.  The  diagnosis  between  true  and  false  osteoma  is  not  always 
easy.  If  the  new  growth  is  unaccompanied  by  signs  of  irritation  or  ol 
inflammatory  change  in  its  neighborhood,  it  is  probably  a  true  osteoma. 

[References: — Miiller,  "  Zeitsch.  f.  wiss.  Zool.,"  ix.  ;  Paget,  "Surg. 
Path.,"  Lect.  27  ;  Virchow,  "  Die  k.  Geschwiilste."] 

g.  Angioma. 

148.  Angiomata  are  tumors  principally  made  up  of  blood-vessels. 
Some  of  these  blood-vessels  may  be  new-formed,  others  are  pre-existing 
vessels  more  or  less  altered.  The  alteration  is  chiefly  in  the  direction  of 
dilatation,  or  thickening  of  the  walls.  Angiomata  are  not  sharply 
marked  off  from  the  surrounding  tissue.  According  to  our  definition  of 
tumor,  which  makes  the  formation  of  new  tissue  an  essential  feature,  we 
should  exclude  from  the  angiomata  all  vascular  tumors  which  are  pro- 
duced merely  by  the  dilatation  or  overgrowth  of  pre-existing  vessels. 

General  usage  has,  however,  sanctioned  a  certain  relaxation  of  this 
strict  rule,  inasmuch  as  simple  vascular  dilatations  extending  over  a 
definite  region,  and  so  giving  rise  to  a  definite  tumor-like  swelling,  are 
universally  described  as  angiomata.  According  to  its  structure  the  an- 
gioma is  spoken  of  as  simple  or  cavernous.  Racemose  aneurisms,  and 
racemose  varices,  have  also  been  included  among  vascular  tumors  ;  and 
a  fifth  variety  is  furnished  by  lymphatic  angioma  or  lymphangioma. 

149.  Simple  angioma  (telangiectasis  or  simple  erectile  tumor)  is  a 
structure  made  up  of  some  normal  basis-tissue,  containing  an  abnormal 
number  of  distended  and  altered  veins  and  capillaries. 

Such  formations  are  most  frequently  met  with  in  the  skin  ;  they  are 
usually  congenital,  and  after  birth  merely  increase  in  size.  They  are  de- 
scribed as  vascular  naBvi,  and  chiefly  occur  at  places  where  foetal  clefts 
have  become  closed  (fissural  angiomata).  They  can  hardly  be  spoken  of 
as  tumors,  for  they  do  not  raise  the  skin.  A  simple  nsevus  merely  looks 
like  a  level  patch  of  a  different  tissue  substituted  for  the  normal  skin. 
The  color  is  either  bright  red  {n.  Jlammeus,  strawberry  mark),  or  livid 
('/I.  vinosus,  port-wine  mark).  It  is  not  usually  marked  off  very  sharply 
from  the  normal  tissue.  Small  circumscribed  red  specks  are  often  found 
round  the  edges  and  in  the  neighborhood  of  the  chief  patch.  The  red 
color  is  due  to  the  wide  and  distended  blood-vessels,  which  are  seated  in 
the  corium  or  subcutaneous  fat.  In  the  latter  site  they  are  often  beset 
with  minute  sacculations.  It  is  rare  for  such  ngevoid  angiomata  to  be 
found  elsewhere  than  in  the  skin  ;  but  they  occur  now  and  then  in  glands 
like  the  mamma,  in  bone,  and  in  the  brain.  They  occur  also,  and  more 
frequently,  in  the  interior  of  morbid  growths,  such  as  gliomata  and  sar* 
comata. 
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When  the  vascular  chang-es  are  more  closely  examined,  by  isolating 
the  vessels  or  by  making  sections  of  the  tumor,  it  is  seen  that  they  de- 
pend essentially  on  localized  dilatations  of  new-formed  or  pre-existing 
capillaries  (Fig.  41).  The  dilatations  are  fusiform,  cylindrical,  saccu- 
lated, or  spherical  ;  and  these  varieties  of  form  are  combined  in  all  pos- 
sible ways.  In  nsevi  the  dilatations  are  even  more  exaggerated  than  those 
in  the  figure.  They  form  wide  cavities  connected  together  by  normal  or 
but  slightly  dilated  capillaries.  The  walls  of  the  capillaries  are  not  percep- 
tibly thicker  than  the  normal  ;  they  have  thus  the  appearance  of  being 
rather  thin  than  otherwise. 


Fig.  41. 


-Dilated  Capillaries  from  a  Simple  Angioma  of  the  Brain. 

basis-tissue.) 


X  200.     (Isolated  by  removal  of  the 


Another  form  of  simple  angioma,  best  described  as  the  hypertrophic 
form,  is  made  up  of  dilated  capillaries  whose  walls  are  very  considerably 
thickened.  The  dilatations  are  not  usually  so  extreme  as  in  the  former 
varieties,  but  the  number  of  vessels  is  so  vast  that  on  section  they  seem 
everywhere  contiguous,  the  basis-tissue  being  as  it  were  thrust  out  of  sight 
(Fig.  42),  The  capillary-walls  are  abnormally  thickened  and  beset  with 
nuclei,  resembling  somewhat  the  walls  of  the  arterioles.  When  the  blood 
is  abstracted  and  the  lumen  of  the  vessels  diminished  as  much  as  possible, 
so  that  the  nuclei  are  set  radially,  the  section  looks  very  like  one  through 
the  glomerulus  of  a  sweat-gland.  This  resemblance  is  further  increased 
by  the  fact  that  the  tumor  is  made  up  of  a  number  of  lobules  or  nodules 
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separated  by  fibrous  tissue,  each  composed  of  a  convoluted  knot  of  hyper- 
trophied  vessels.  Moreover,  as  these  angiomata  occur  in  the  skin,  and 
chiefly  in  the  deeper  parts  of  the  cutis  and  subcutaneous  connective  tis- 
sue, it  sometimes  happens  that  the  section  includes  actual  sudoriferous 
tubules  (Fig.  42). 

A  third  form  of  simple  angioma  is  the  venous  or  varicose  tumor  ;  it 
likewise  occurs  chiefly  in  the  skin  and  subcutaneous  tissues.  In  the 
forms  already  described  the  smaller  veins  are  often  dilated,  but  this  fea- 
ture is  not  marked  in  comparison  with  the  capillary  changes.  In  the 
venous  angiomata  the  dilatation  is  almost  entirely  confined  to  the  smaller 
veins,  the  anastomosing  cajjillaries  remaining  almost  unchanged.  The 
venous  dilatations  or  varices  are  cylindrical,  ampullate,  or  saccular,  with 
distinct  and  somewhat  thickened  walls.  HaBHiorrhoids  or  piles  are  of  this 
nature  ;  they  are  tumors  formed  in  the  mucous  membrane  of  the  rectum 


Fig.  42. — Section  of  a  Simple  Hypertrophic  Angioma  of  the  Skin,      x  200.     The  duct  of  a  sweat-gland  has 
been  cut  across  at  the  middle  of  the  section. 

near  the  anus,  and  consist  mainly  of  hyperplastic  submucous  tissue,  and 
of  blood-containing  saccules,  derived  from  the  small  veins  by  morbid  dila- 
tation. 

[References  : — Rokitansky,  "Lehrb.  d.  path.  Anat.,"  1855  ;  Virchow, 
"  Die  krankhaften  Geschwiilste  ;  "  Billroth,  "Arch.  f.  Chir.,"  xi,;  Liicke, 
"  Chirurgie  v.  Pitha  u.  Billroth,"  ii. ;  Monod,  "Etude  sur  I'angiome  sim- 
ple," Paris,  1873  ;  Paget,  "  Surg.  Path.,"  Lecture  28  (containing  further 
references).] 


150.  The  cavernous  angioma  is  distinguished  from  the  simple  an- 
gioma by  the  fact  that  the  tubular  form  of  the  vessels  is  more  or  less 
lost.  In  its  fully  developed  form,  the  tumor  is  made  up  of  a  series  of 
wide  variously  shaped  cavities,  separated  from  each  other  merely  by 
fibrous  septa  (Fig.  43).  In  section  these  cavities  appear  as  sinuses  of 
various  size,  separated  by  a  trabecular  network  of  nucleated  fibrous  or 
spindle-celled  tissue.     The  separation  is  not  complete,  as  the  spaces  com- 
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municate  with  each  other.     The  mass  resembles  greatly  the  corpus  ca- 
vernosum  of  the  penis,  and  is  sometimes  described  as  composed  of  "  erec 
tile  "  tissue.     The  walls  of  the  cavities  are  lined  with  endothelium. 

These  tumors  are  commonly  seated  in  the  skin,  and  may  be  congenital 
(Fig.  43).     In  other  cases  they  are  developed  from  simple  angiomata  by 


FlS,  43.— Congenital  Cavernous  Angioma  of  the  Skin,     x  20.     (Hsematoxylin  staining.)    a,  epidermis;  <*, 
coriuna ;  c,  cavernous  blood-spaces. 

continued  dilatation  of  the  already  dilated  vessels.  In  the  skin  they 
form  livid,  raised,  and  sometimes  uneven  patches  [ncevus  2^'''omi?iens). 
Among  the  viscera  the  liver  is  by  far  the  commonest  seat.  Here  they 
take  the  form  of  dark  brown  patches,  not  raised  above  the  surface,  and 
not  compressing  the  liver-tissue,  which,  indeed,  they  simply  replace. 
They  are  never  congenital,  but  are  developed  in  advanced  age  when  the 
liver  is  tending  toward  atrophy.  It  is  easy  to  make  out  in  favorable 
specimens  that  the  cavities  have  arisen  from  the  varicose  dilatation  of 
individual  capillaries  within  the  lobules,  the  liver-cells  disappearing 
simultaneously  (Fig.  44).  At  first  there  is  no  proliferation  from  the  ves- 
nel-walls.  Then  several  capillaries  coalesce  by  disappearance  of  the 
septa,  and  so  form  larger  cavities.  When  the  cavernous  metamorphosis 
reaches  the  border  of  a  lobule,  the  periportal  fibrous  tissue  forms  a  cap- 


Fig.  44. — Section  from  the  advancing  Border  of  a  very  small  Cavernous  Angioma  of  the  Liver,     x  150. 

sule  round  the  transformed  vascular  mass,  which  at  first  has  no  definite 
boundary.  At  this  stage  proliferation  of  the  tissue  not  infrequently  sets 
in  (c/.  Rindfleisch,  "Path.  Hist.,"  vol.  i.,  p.  163). 

Angiomata  are  found,  though  very  rarely,  in  the  kidney,  spleen,  ute- 
rus, intestine,  bladder,  muscles,  bones,  etc. 
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[The  above  account  of  the  development  of  cavernous  tumors  in  the 
liver  is  considerably  at  variance  with  that  given  by  Virchow  ("  Die  k. 
Geschwiilste,"  iii.).  Virchow  supposes  that  the  first  step  is  not  a  dilata- 
tion of  the  vessels,  but  the  formation  of  new  granulation-tissue.  In  this 
the  vessels  and  vascular  sinuses  are  formed.  Ziegler  is  unable  to  find 
any  traces  of  such  a  mode  of  genesis.  He  examined  a  liver  which  con- 
tained a  multitude  of  angiomata  varying  from  a  scarcely  perceptible 
speck  to  a  tumor  the  size  of  a  walnut.  All  stages  of  development  were 
represented,  from  the  dilatation  of  a  single  capillary  up  to  the  cavernous 
metamorphosis  of  an  entire  lobule.  Yet,  in  no  instance  was  there  any 
sign  of  proliferation  at  starting  ;  atrophy  and  dilatation  only  were  ob- 
served. Payne  describes  a  remarkable  case  of  a  similar  kind  in  the 
"Trans.  Path.  Soc,"  1869. 

The  term  angioma  nowadays  embraces  formations  which  are  geneti- 
cally very  diverse.  Some  angiomata  are  congenital,  and  are  therefore 
conditioned  by  some  disturbance  of  development.  Others  arise  from 
new-formed  vessels.  Others,  again,  are  the  result  of  a  kind  of  degenera- 
tive change  ;  vascular  dilatation  following  an  abnormal  relaxation  of  the 
vessel-wall,  or  on  atrophy  of  the  intervascular  parenchyma.  Formations 
of  this  kind,  produced  merely  by  dilatation  and  cavernous  degeneration, 
should  be  excluded  from  the  category  of  true  tumors.]  gfl 

151.  Aneurism  by  anastomosis  (anastomotic  or  racemose  aneu« 
rism)  is  not  properly  a  neoplasm  ;  it  is  rather  a  morbid  change  affecting 
a  vascular  territory.  The  arteries  of  the  territory  become  dilated  and 
convoluted,  while  the  intervening  tissue  atrophies.  The  pulsating  growth 
feels  to  the  finger  like  a  knot  of  writhing  worms.  Many  of  these  growths 
originate  in  congenital  faults,  especially  those  which  occur  in  the  scalp,  and 
lead  at  times  to  erosion  of  the  bone.  Others  are  acquired,  and  follow  upon 
mechanical  injuries.      The  dilated  arteries  generally  have  thickened  walls. 

The  racemose  or  anastomotic  varix  is  analogous  to  the  racemose 
aneurism.  It  is  a  common  affection  of  the  veins  in  the  leg,  the  labia 
pudendi,  and  the  spermatic  cord  (varicocele). 

Further  details  concerning  aneurism  and  varix  will  be  found  in  the 
Special  Pathological  Anatomy,  under  Vascular  Affections. 

153.  Lymphatic  angioma  (or  lymphangioma)  is,  in  relation  to  the 
lymphatic  system,  what  angioma  (as  hitherto  considered)  is  to  the  hseraic 
system.  The  essential  character  of  the  growth  is  dilatation  of  the  lym- 
phatic vessels,  associated  at  times  with  hypertrophy  of  the  vessel-wall 
and  atrophy  of  the  intervening  tissue.  We  may  distinguish  the  various 
forms  into  simple  lymphangioma  or  lymphatic  telangiectasis,  and  cavern- 
ous lymphangioma  ;  together  with  a  third  form,  the  cystoid  lymphangi- 
oma. As  in  the  foregoing  cases,  the  magnitude  and  arrangement  of  the 
dilatations  may  vary  greatly.  In  the  extreme  stages  actual  cysts  may  be 
formed.  The  cavities  contain  Ij'mph,  which  is  generally  clear  and  limpid, 
though  it  is  sometimes  milky. 
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The  growth  may  be  congenital  or  acquired.  Congenital  lymphatic 
dilatations  take  various  forms  according  to  their  seat,  which  may  be  the 
tongue  (macroglossia),  lips  (macrocheilia),  skin  (lymphatic  naevus),  labia, 
etc.  Lymphangiectasis  of  the  skin  is  not  rare  as  an  acquired  affection  ; 
it  chiefly  occurs  in  the  thigh  and  thorax.  Sometimes  it  gives  rise  to 
considerable  tumors,  which  fluctuate  on  palpation.  The  section  repre- 
sented in  Fig.  45  was  taken  from  a  tumor  as  large  as  the  fist,  which  had 
formed  in  tlie  subcutaneous  fat  of  the  thigh.  The  dilated  and  sacculated 
lymphatics  have  their  walls  more  or  less  thickened,  and  they  are  gener- 
ally embedded  in  the  adipose  tissue. 


Pig.  45. — Subcutaneous  Cavernous  Lymphangioma,  x  90  (Section  mounted  in  Canada  balsam,  and 
stained  with  alum-carmine.)  a,  dilated  lymphatics  ;  6,  connective  tissue ;  c,  adipose  tissue ;  d,  larger  blood- 
vessels ;  e,  groups  of  small  cells  or  leucocytes. 

If  the  more  superficial  cavities  of  a  cutaneous  lymphangioma  should 
rupture,  a  grave  lymphorrhcBa  may  ensue.  The  affection  is  often  com- 
plicated with  fibrous  hyperplasia  of  the  skin  (as  in  elephantiasis  lym- 
phangiectodes)  or  of  other  organs, 

[References  : — Maier,  "  Lehrb.  d.  allg.  path.  Anat.  ; "  Virchow,  O]?. 
oit. ;  Arnstein,  "Virch.  Arch.,"  vol.  liv.  ;  Anger,  "Tumeurs  erectiles 
lymphatiques,"  In.  Diss.  Paris,  1867  ;  Gjorgewic,  "  Arch.  f.  klin.  Chir.," 
xii. ;  Reichel,  "Virch.  Arch.,"  vol.  xlvi. ;  Wegner,  "  Langenbeck's  Arch, 
f.  klin.  Chir.,"  xx. ;  Pinner,  "  Centralb.  f.  Chir.,"  12,1880;  Pospelow, 
"  Vierteljahrs.  f.  Derm.  u.  Syph.,"  1879;  Hebra  and  Kaposi,  "Diseases 
of  the  Skin"  (Syd.  Soc),  vol.  iii. ;  Nieden,  "Virch.  Arch.,"  vol.  xc] 

h.  Myoma. 

153.  Myoma  is  a  tumor  consisting  essentially  of  new-formed  muscu- 
lar fibres.     It  occurs  only  in  certain  parts  of  the  body.      If  the  fibres  are 
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non-striated  the  tumor  is  described  as  a  leiomyoma,  if  striated  as  a  rhab- 
domyoma. 

Leiomyoma  (or  levicellular  myoma)  is  of  frequent  occurrence  iii 
the  uterus,  less  frequent  in  the  muscular  coats  of  the  intestine.  It  takes 
the  form  of  a  spherical  nodulated  growth,  not  unlike  a  fibroma.  The 
smooth  muscular  fibres  form  bundles  (Fig.  4G),  which  are  plaited  and  in- 
terwoven. They  are  usually  surrounded  by  abundant  fibrous  tissue, 
which  binds  the  fibres  and  the  bundles  together.  If  the  fibrous  tissue 
form  a  considerable  part  of  the  bulk,  the  tumor  is  described  as  a  fibro- 
myoma.  Most  of  the  uterine  "  fibroid "  tumors  are  of  this  nature. 
The  fibrous  bands  are  white  and  lustrous,  the  muscular  elements  are  pink, 
or  reddish  gray,  or  white.  It  is  often  by  no  means  easy  to  distinguish 
the  muscular  elements  from  the  purely  fibrous.  To  make  an  exact  deter- 
mination, it  is  advisable  to  isolate  the  muscle-cells  by  teasing  while  the 
preparation    is  fresh.      The   isolation  is  easier  if  small   fragments  of  the 


Fig.   46. — Section   through  a  Ijeiomyoma   (from  Perls).     The  nuclei  are  shown  partly  lengthwise,  partly 

cut  across. 

tumor  have  been  steeped  for  twenty-four  hours  in  a  20  per  cent,  solution 
of  nitric  acid,  or  for  twenty  to  thirty  minutes  in  a  34  per  cent,  solution 
of  caustic  potass.  The  nuclei  of  the  muscle-cells  are  then  easily  recog- 
nized. Under  the  microscope  the  muscle-fibres  are  distinguished  by  their 
rod-like  nuclei  (Fig.  46)  and  by  the  regular  structure  of  the  tissue  they 
form.  In  cross-section  the  muscle-spindle  is  seen  as  a  small  polygonal 
area  enclosing  the  rounded  section  of  the  nucleus.  Leiomyomata  are  in- 
variably innocent  ;  though  they  may  cause  danger  by  their  tendency  to 
bleed.  They  are  liable  to  fatty  change  and  to  softening,  which  may  lead 
to  their  disintegration  or  putrefaction,  or  to  cystic  excavations.  Calcifi- 
cation is  not  infrequent. 


[On  the  nature  of  so-called  uterine  "  fibroids  "  see  Bristowe,  "  Trans. 
Path.  Soc,"  1853;  Oldham,  "Guy's  IIosp.  Rep."  (2d  series),  vols. 
ii.,  viii.;  Williams,  Lancet,  1,  1880  ;  Oourty,  *'  Dis.  of  Uterus,"  London, 
1882  (contains  full  references).] 
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Rhabdomyomata  are  very  rare.  They  are  hardly  ever  made  up 
entirely  of  striated  muscular  fibres.  In  cellular  sarcomatous  tumors, 
chiefly  of  the  kidney  and  testis,  spindle-cells  with  more  or  less  perfect 
striation  are  found  associated  vpith  smooth  muscle-fibres  (myosarco- 
mata).  It  is  probable  that  such  tumors  (which  are  found  only  in  chil- 
dren, and  are  of  great  size)  are  due  to  fcetal  deposits  of  muscular  ele- 
ments in  the  rudimental  kijdney  and  testis. 

[References  to  the  literature  of  rhabdomyoma  are  given  by  Huber 
and  Bostrum  ("Arch,  f.  klin.  Med.,"  xxiii.).  The  name  is  due  to  Zenker  ; 
Yirchow  uses  the  term  striocellular  myoma.  See  also  Eberth,  "  Virch. 
Arch.,"  vol.  Iv. ;  Cohnheim,  "Virch.  Arch.,"  vol.  Ixv. ;  Marchand,  "Virch. 
Arch.,"  vol.  Ixxiii.  ;  Kocher  and  Langhans,  "  Deut.  Arch.  f.  Chir.,"  ix. ; 
Brodowski,  "  Virch.  Arch.,"  vol.  Ixvii.] 

i.  ITeuroma. 

154.  Neuroma  is  a  term  which  in  strictness  should  be  applied  only 
to  tumors  composed  essentially  of  new-formed  nerve-fibres.  What  we 
are  accustomed  to  describe  as  neuroma  is  a  growth  occurring  indeed  in  a 
nerve,  but  due  to  multiplication  of  the  cells  of  its  neurilemma  and  peri- 
neurium, not  to  the  formation  of  new  nerve-fibres.  It  is  generally  a 
fusiform,  oval,  or  cylindrical  outgrowth,  whose  axis  may  coincide  with 
that  of  the  nerve,  or  deviate  laterally.  Sucli  tumors  are  very  often  mul- 
tiple, and  may  affect  either  single  nerve-territories  or  the  entire  system. 
Neuromatous  nodes  may  also  occur  in  the  central  nervous  organs  ;  they 
may  be  as  large  as  a  hen's  egg,  or  (rarely)  larger.  If  the  nodular  changes 
affect  an  entire  nerve-territory,  a  network  of  coarse  bands  and  nodes 
may  be  formed.  This  form  has  received  the  name  of  plexiform  neuroma 
(Verneuil).  Sometimes  painful  nodular  growths  form  at  the  ends  of  di- 
vided nerves,  as  in  amputation-stumps.  They  are  spoken  of  as  amputa- 
tional  neuromata. 

Almost  all  of  these  varieties  are  false  neuromata  ;  they  are  really 
fibromata  and  myxomata  of  the  connective  tissue  of  the  nerve,  unasso- 
ciated  with  any  multiplication  of  its  nerve-fibres.  The  latter,  indeed,  are 
compressed  and  atrophied.  This  is  true  of  the  multiple  varieties  as  well 
as  of  the  amputational  neuromata.  The  latter  are  in  most  cases  due  to 
inflammatory  fibrous  hyperplasia. 

It  is  asserted,  however,  that,  in  some  neuromatous  tumors,  a  true  new- 
formation  of  nerve-tissue  may  occur.  Amputational  neuromata  have 
furnished  examples  of  this,  as  well  as  the  tumors  of  various  sizes  which 
develop  in  the  continuity  of  a  nerve  without  any  discoverable  cause. 
These,  then,  would  be  instances  of  true  neuroma. 

Nerve-fibres  are  said  to  multiply  by  subdivision  and  by  offshoots. 
According  as  the  new-formed  fibres  are  medullated  or  not,  we  have  the 
varieties  myeline  neuroma  and  amyeline  neuroma.     Neuromata  are  en- 
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tirely  innocent  ;  they  never  give  rise  to  metastases.  It  has  been  shown 
that  the  multiple  false  neuromata  are  apt  to  be  inherited,  or  at  least  ta 
depend  on  some  congenital  fault.  (See  Special  Pathological  Anatomy  of 
the  Nerves.) 

[References  : — Virchow,  op.  cit.  and  "Gesammelte  Abhand.;  "  Smith, 
"  On  Neuroma  ; "  Perls,  "  Handb.  d.  allg.  Path.  ;"  Yerneuil,  "  Arch.  gen. 
de  med.,"  vol.  xviii.  (5th  series)  ;  Czerny,  "Arch.  f.  klin.  Chir.,"  xvii.; 
Soyka,  "Prager  Vierteljahrs.,"  35,  1877;  Perls,  "Arch.  f.  Ophthalm.," 
xix. ;  P.  Bruns,  "  Virch.  Arch.,"  vol.  1.;  von  Recklinghausen,  "  Ueber  d. 
multiplen  Fibrome  d.  Haut,"  Berlin,  1882.] 

j.  Lymphoma  and  X,ymphosarcom.a. 

155.  Lymphoma  is  a  comprehensive  term,  and  includes  formations 
which  are  not  strictly  tumors,  but  rather  hyperplasias  of  the  tissue  proper 
to  lymphatic  glands — lymphadenoid  (or  briefly  adenoid)  tissue,  as  it  is 
called.  Lymphoma,  as  a  neoplasm,  would  imply  thfe  development  and 
deposit  of  new  lymphadenoid  tissue,  in  the  form  of  a  tumor,  within  a 
lymphatic  gland,  a  follicle,  or  some  other  structure  of  the  connective-tis- 
sue group.  In  what  is  usually  called  lymphoma  this  does  not  happen. 
What  does  happen  is — that  the  tissue  of  the  lymphatic  gland  or  follicle 
increases  in  size  because  the  lymphoid  cells  it  contains  are  multiplied, 
while  the  reticular  tissue  undergoes  hyperplasia.  The  process  is  often 
inflammatory  in  character,  and  should  then  be  classed  with  the  inflamma- 
tions ;  in  other  cases  the  lymphoid  hyperplasia  seems  to  begin  idiopathi- 
cally,  i.e.,  without  any  cause  hitherto  discovered.  It  may  often  be 
doubtful  whether  the  increased  growth  of  a  lymphatic  gland  should  be 
regarded  as  neoplastic  or  as  hyperplastic.  Many  cases  of  lymphoma,  es- 
pecially the  leuksemic  kinds,  seem  referable  to  hyperplasia.  The  lym- 
phatic glands,  lymphadenoid  structures  of  the  intestine,  and  lymphoid 
follicles  of  the  spleen,  all  maintain  their  structure  as  they  grow  in  size, 
or  alter  but  slightly.  Moreover,  the  functions  of  the  glands  seem  to  be 
more  actively  performed.  This  does  not  seem  to  indicate  that  they  are 
invaded  by  anything  of  the  nature  of  a  neoplasm. 

In  addition  to  the  hyperplastic  lymphomata,  there  is  a  true  or  hetero- 
plastic tumor  whose  structure  agrees  with  that  of  lymphadenoid  tissue. 
As  the  term  lymphoma  ha3  been  perverted  to  describe  the  hyperplastic 
formations,  we  may  do  well  to  distinguish  the  genuine  tumor  as  lym- 
phadenoma  or  lymphosarcoma.  This  latter  title  corresponds  with  the 
fact — that  the  tumor  agrees  in  its  characters  with  the  sarcomata.  It  will 
therefore  be  treated  in  connection  with  them  (Art.  158). 

[The  relations  of  lymphoma  and  lymphadenoma  to  Hodgkin's  disease 
and  to  leukasmia  are  discussed  in  the  Special  Pathological  Anatomy. 

Recent  researches  have  shown  that  lymphadenoid  tissue  is,  in  normal 
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conditions,  widely  distributed  throughout  the  body.     The  overgrowth  of 
some  such  normal  deposit  may  simulate  a  heteroplastic  formation.] 

Jc.  Sarcoma. 

loG.  The  sarcomata  are  tumors  constructed  on  the  type  of  the  con- 
nective tissues,  in  which,  however,  the  cellular  constituents  predominate 
over  the  intercellular  substance.  In  this  respect  they  resemble  the  im- 
mature connective  tissues  ;  so  that  the  comparison  of  sarcoma  to  embry- 
onic formative  tissue  is  perfectly  apt. 

Sarcoma  originates  invariably  in  a  structure  belonging  to  the  connec- 
tive-tissue group  ;  i.e.,  in  formed  or  unformed  fibrous  tissue,  in  cartila- 
ginous, bony,  mucous,  lymphoid,  neurogliar,  or  adipose  tissue.  The 
transformation  of  these  into  tumor-tissue  is  effected  by  the  growth  and 
multiplication  of  the  constituent  cells. 


Fio.  47. — Section  through  the  Advancing  Margin  of  a  small  Sarcomatous  Nodule  from  the  Mamma. 
X  300.  a.  fibrous  tissue ;  6,  cells  of  the  sarcomatous  tissue  ;  c,  smaller  cells ;  d.  cells  with  hypertrophied 
nuclei ;  e,  multiauclear  cells. 


In  favorable  circumstances  it  is  possible  to  follow  up  this  mode  of 
genesis  histologically.  At  the  advancing  margin  of  a  growing  tumor  we 
may  find  all  kinds  of  transitional  cell-forms,  from  the  small  cells  of  the 
normal  connective  tissue  to  the  large  cells  of  the  tumor.  Fig.  47  repre- 
sents the  advancing  margin  of  a  small  sarcomatous  nodule  from  the 
mamma,  and  in  it  the  various  stages  of  development  can  be  made  out. 
Enlarged  and  swollen  cells  (c)  lie  beside  the  small  cells  of  the  fibrous  tis- 
sue (a)  ;  others  with  enormous  nuclei  {d),  or  with  several  (e),  are  also 
noticeable.     x\t  the  same  time  the  number  of  the  cells  is  vastly  increased. 

In  bone  and  cartilage  it  is  possible  to  demonstrate  the  subdivision 
and  multiplication  of  the  fixed  cells  even  more  clearly  than  in  connective 
tissue.  The  multiplication  sometimes  occurs  in  the  substance  of  non- 
vascular cartilage  or  bone  away  from  the  medullary  spaces,  and  thus  the 
part  played  by  the  individual  cells  within  their  cavities  is  very  readily 
followed  (Ziegler,  "  Virch.  Arch.,"  vol.  Ixxiii.).  In  connective  tissue  it  is 
less  easy  to  exclude  the  possibility  of  cell-infiltration  from  neighboring 
parts.     Virchow  has  thus  shown  that  sarcoma-cells  may  arise  by  prolifer- 
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ous  multiplication  from  connective-tissue  cells  of  perfectly  normal  as- 
pect.  This  is  the  process  in  a  large  number  of  cases  ;  but  it  may  vary  to 
this  extent — that  the  development  begins  in  tissue  which  is  already  mor- 
bidly altered.  Thus  new-formed  cartilage  may  pass  into  sarcoma  by 
over-intense  proliferous  growth  of  the  cartilage-cells,  and  disappearance 
of  the  matrix-substance. 

It  is  of  great  interest  to  note  that  cells,  which  form  part  of  what  we 
might  call  congenital  heteroplastic  foci,  may  often  serve  as  the  starting- 
point  of  a  sarcoma.  Congenital  warts  and  pigment-spots  are  specially 
remarkable  for  this.  The  transformation  into  sarcomatous  tissue  is  ef- 
fected by  the  growth  and  multiplication  of  the  nests  of  cells  that  are 
always  found  in  such  spots. 

Summing  up  what  we  know  of  the  development  of  sarcoma  we  may 
say — that  sarcomatous  tissue  may  arise  either  from  connective  tissues 
which  up  to  then  seem  normal,  or  from  tissues  that  are  to  be  regarded  as 
already  morbid. 

[References  on  the  genesis  of  Sarcoma  : — Virchow,  "  Die  kr.  Ge- 
schwiilste,"  ii.  ;  R.  Maier,  "  Allg.  path.  Anat.  ; "  Perls,  "  Allg,  path. 
Anat.  ; "  Bizzozero,  "Med.  Jahrb.,"  iv.,  1878;  Billroth,  "Arch.  f.  klin. 
Chir.,"  xi.  ;  Steudener,  "Virch.  Arch.,"  vol.  lix.  ;  Sokolow,  "Virch. 
Arch,,"  vol.  Ivii.  ;   Cornil  and  Ranvier,  "Man.  Path.  Hist.,"  vol.  i.J 

157.  The  form  and  mode  of  growth  of  the  cells  varies  much  in  differ- 
ent varieties  of  sarcoma.  The  intercellular  substance  is  sometimes 
scanty,  soft,  and  stringy  ;  in  other  cases  its  texture  approaches  that  of 
the  mature  normal  tissue.  The  various  varieties  are  distinguished  ac- 
cording to  the  constitution  of  the  ground-substance  as  well  as  of  the 
cells,  but  chiefly  of  the  ceils.  That  constituent  is  taken  as  characteristic, 
which  prevails  in  the  tumor  in  question.  Seeing  that  a  sarcoma  is  con- 
tinually in  process  of  growth,  it  always  contains  some  parts  which  are  as 
yet  immature,  and  merely  represent  an  earlier  stage  of  development  of 
the  tumor.  In  settling  the  classification  of  the  tumor  such  parts  are  not 
taken  into  account. 

The  texture  of  the  sarcoma,  as  made  out  by  the  unaided  eye,  varies 
much  in  the  different  forms.  In  its  mature  condition  it  is  generally- 
more  or  less  sharply  marked  off  from  its  surroundings.  It  may  occur  in 
any  locality  where  connective  tissues  are  found,  but  the  frequency  of  its 
occurrence  is  different  in  different  tissues.  Thus  it  is  much  commoner  in 
the  skin,  fasciae,  intermuscular  fibrous  tissue,  bone,  periosteum,  lymphatic 
glands,  brain,  and  ovary — than  in  the  liver,  lungs,  intestine,  or  uterus. 

The  amount  of  intercellular  substance  present  chiefly  determines  the 
consistence  and  the  tint.  Forms  which  are  soft,  marrovvy,  and  white  or 
grayish-white  on  section,  are  rich  in  cells  and  poor  in  intercellular  sub- 
stance. Firm  and  coarse-grained  forms  are  poorer  in  cells  and  abound 
more  in  fibrous  intercellular  tissue.     The  latter  kinds  pass  without  any 
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break  into  the  fibromata.  Intermediate  forms  are  described  as  fibrosar- 
comata.  Tlie  cut  surface  of  a  sarcomatous  tumor  has  a  uniform  look 
throughout  ;  unless,  indeed,  it  has  undergone  retrogressive  changes,  or 
the  amount  of  blood  in  it  varies  from  part  to  part.  It  looks  evenly- 
smooth,  in  medullary  tumors  milk-white,  in  firmer  kinds  clear  grayish- 
white  and  translucent,  or  grayish-red  or  brown.  The  hard  forms  are 
white  or  yellowish-white,  a,nd  lustrous  on  section. 

The  blood-vessels  are  variously  developed  ;  now  and  then  they  are 
exceptionally  wide  and  numerous,  or  even  irregularly  dilated,  as  in  tel- 
angiectatic sarcoma.  Lymphatics  have  not  been  shown  to  exist  in  sar- 
comata. 

Retrogressive  changes  are  apt  to  happen,  such  as  fatty  change, 
mucoid  change,  liquefaction,  caseation,  disintegration,  hemorrhage,  putre- 
faction, ulceration,  etc. 

158.  Round-celled  sarComa.  The  small-round-celled  sarcomata  are 
very  soft  rapidly  growing  tumors.  They  chiefly  occur  in  the  connective 
tissues  of  the  locomotive  and  skeletal  system  ;  as  also  in  the  skin,  testis, 


A— a 


"Pig.  48. — Section  through  the  Margin  of  a  Sarcoma  affecting  the  Intermuscular  Connective  Tissue. 
X  300.  (Carmine  staining.)  a,  normal  muscle-fibre ;  a^,  atrophied  muscle  fibres ;  6,  round-cells  intruded 
between  the  muscle-fibres ;  c,  fully  developed  tumor-tissue  ;  d,  round-cells  resembling  white  blood-corpuscles. 

ovary,  and  lymphatic  glands.  They  are  usually  milky  white  on  section, 
and  not  infrequently  contain  softened  or  cheesy  patches.  A  milky  juice 
can  be  got  by  scraping  the  cut  surface.  Their  structure  is  very  simple  ; 
it  consists  almost  entirely  of  round-cells  and  vessels  (Fig.  48),  The 
former  are  small  and  fragile,  have  but  little  protoplasm,  and  enclose  a 
rounded  or  slightly  oval  vesicular  nucleus  (Fig.  48,  c).  This  nucleus 
seems  more  highly  developed  than  it  is  in  ordinary  lymphoid  cells. 

The  intercellular  substance  is  scanty,  and  fibro-granular  in  texture. 
The  vessels  appear  as  thin-walled  channels  between  the  groups  of  cells. 
In  the  case  of  an  invaded  muscle,  such  as  that  in  the  figure  (Fig.  48),  the 
tumor  seems  to  consist  of  an  aggregation  of  round-cells  (Fig.  48,  b,  c) 
seated  in  the  intermuscular  connective  tissue.  Lymphoid  elements  are 
not  infrequently  found  mingled  with  the  tumor-cells  ;  their  nuclei  (Fig. 
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48,  d)  are  easily  distinguished  by  the  fact  that  they  take  a  deeper  stain- 
ing than  the  other  elements. 

A  second  variety  of  small-round-celled  sarcoma  Is  the  so-called 
lymphosarcoma.  It  is  a  sarcoma  whose  structure  somewhat  resembles 
that  of  a  lymphatic  gland.  There  is  a  kind  of  reticular  stroma  (Fig.  49, 
«),  made  up  in  part  of  anastomosing  ramifying  cells  (Fig.  49,  b)  ;  and 
this  contains  a  multitude  of  round-cells  in  its  meshes.  If  a  small  piece 
of  the  tumor  be  first  shaken  up  in  a  test-tube  with  some  liquid,  so  that 
the  cells  drop  away,  the  structure  can  then  be  easily  made  out  under  the 
microscope. 

The  tumor  has  the  same  general  appearance  as  the  commoner  small- 
round-celled  variety.  Both  forms  are  highly  malignant,  partly  because 
of  their  rapid  growth,  partly  from  their  tendency  to  give  rise  to  second- 
ary growths,  which  may  affect  the  entire  body. 


Fig.  49.- 


-Section  of  Lymphosarcoma  from  the  Nasal  Mucous  Membrane,     a,  reticulum  (the  a  to  the  left 
points  to  a  blood-vessel  with  subdividing  cells)  ;  b,  cells  of  the  reticulum  ;  c,  round-cells. 


Lymphosarcoma  most  commonly  originates  in  lymphatic  glands,  and 
in  the  lymphadenoid  tissue  of  the  mucous  membranes.  It  may,  however, 
arise  elsewhere.  When  it  attacks  a  lymphatic  gland,  it  may  be  distin- 
guished from  mere  hyperplastic  lymphoma  by  its  rapid  growth,  and  by 
its  tendency  to  overpass  the  limits  of  the  gland,  and  to  form  metastases. 

159.  Large-round-celled  sarcomata  are  made  up  of  cells  considerably 
larger  than  those  of  the  varieties  just  described.  They  occur  in  the  same 
localities.  They  are  not  quite  so  soft  in  texture.  Their  cells  are  often 
uniformly  large,  and  have  an  abundant  protoplasm  and  large  oval  vesicu- 
lar nuclei  (Fig.  50).  Many  of  the  cells  are  binuclear,  a  few  are  multinu- 
clear.  The  intercellular  substance  is  arranged  in  a  kind  of  network,  in- 
terspersed with  fusiform  and  ramified  cells.  Together  they  form  an 
alveolar  reticulum  in  whose  spaces  lie  the  large  epithelium-like  round- 
cells.  On  account  of  these  characters  Billroth  has  described  the  tumor 
as  a  "  large-celled  alveolar  round-celled  sarcoma."  The  vessels  have  usu- 
ally very  thin  walls. 
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In  the  other  varieties  of  large-round-celled  sarcoma,  the  cells  are 
very  unequal  in  size.  P^ig,  51  represents  a  section  of  a  mammary  sarcoma 
in  which  the  cells  are  for  the  most  part  round  ;  but  their  sizes  vary 
greatly,  and  there  is  a  partial  admixture  of  elongated  cells,  as  well  as 
of  multinuclear  giant-cells  (e).  If  this  last  be  taken  as  characteristic, 
the  tumor  may  be  called  a  giant-celled  or  myeloid,  sarcoma  (Art.  IGO). 

The  large-round-celled  sarcomata  are  generally  less  malignant  than 
the  small-celled  kinds  ;  but  they  likewise  may  form  metastases.  The 
patient  from  whom  the  tumor  represented  in  Fig.  50  was  taken  died  from 
metastatic  growths. 


Fig.  50.  Fig.  51. 

Fig.  50. — Section  from  a  Fungating  Large-round-celled  Sarcoma,  x  400.  (From  the  skin  of  the  leg ; 
carmine  staining.) 

Fig.  51. — Section  of  a  Sarcoma  of  the  Mamma  containing  variously  formed  Cells.  x  300.  (Bismark- 
brown  staining. )  a,  fibrous  tissue ;  6,  cells  of  the  sarcomatous  tissue  ;  c,  smaller  cells ;  d,  cells  with  hyper- 
trophied  nuclei ;  e,  multinuclear  cells. 

160.  Spindle-celled  sarcoma  (including  forms  with  ramified  multi- 
form cells,  and  fibrosarcoma).  Sarcomata  consisting  of  spindle-shaped 
or  ramified  cells  are  among  the  most  common  of  all  tumors.  They  are 
usually  much  firmer  in  texture  than  the  round-celled  forms.  On  section 
they  look  grayish  or  yellowish-white,  and  translucent  ;  if  the  vessels  are 
full  of  blood  they  may  accidentally  be  tinged  with  red.  They  are,  gener- 
ally speaking,  much  less  malignant  than  the  round-celled  sarcomata,  but 
this  depends  somewhat  on  where  they  are  seated. 

Sarcomata  in  which  spindle-cells  predominate  are  called  briefly  spin- 
dle-celled sarcomata  ;  they  are  divided  into  large-celled  and  small-celled 
varieties.  The  cells  may  be  more  or  less  isolated  by  teasing  out  frag- 
ments of  the  tumor-tissue,  and  in  this  way  very  long  spindle-cells  may 
occasionally  be  found  (Fig.  52).  They  lie  side  by  side  in  the  tumor,  and 
group  themselves  into  bundles.  In  a  section  these  bundles  may  be  seen 
cut  through  lengthwise,  crosswise,  or  slantwise  ;  which  shows  that  they 
run  in  diverse  directions  through  the  growth. 

The  grouping  of  the  spindles  into  definite  bundles  is  often  very  strik- 
ing ;  but  sometimes  there  is  no  such  grouping,  the  spindles  all  lying  par- 
allel to  the  same  direction  throuo-hout  a  considerable  area.     Sometimes 
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also  the  arrangement  of  the  spindles  seems  to  depend  on  the  direction  of 
the  vessels,  the  bundles  forming  a  kind  of  sheathing  to  each  vessel. 

The  intercellular  substance  may  be  very  scanty,  or  altogether  imper- 
ceptible in  a  section.  In  other  cases  it  is  abundant,  and  shows  a  kind  of 
fibrillated  structure.  The  cells  are  then  poorer  in  protoplasm  ;  so  much 
so,  in  fact,  that  there  is  often  none  to  be  seen  around  the  nucleus,  and  the 
cell-processes  seem  to  start  from  the  nucleus  itself  ("  nuclear  fibres  "). 
Such  tumors  are  firm  and  coarse-grained,  and  approach  the  fibromata  in 
texture.     They  are  called  fibrosarcomata. 


Fig.  52. 


Fig.  5.3. 


Fig.  52. — Spindle  Cells  from  a  Large-spindle-celled  Sarcoma  of  the  Cheek,     x  400.     (Teased  preparation.) 
Fig.  53. — Section  from  a  Griant-celled  Sarcoma  originating  in  the  Medulla  of  the  Tibia  ("Myelogenic" 
Sarcoma),     x  400.     (Haematoxylin  staining.) 


Sarcomata  whose  cells  are  of  several  diverse  forms  are  equally  com- 
mon. Their  cells  are  spindle-shaped,  pyramidal,  prismatic,  stellate,  or 
altogether  irregular  (Fig.  53).  Each  cell  seems  in  fact  to  take  the  form 
of  the  space  which  is  left  to  it  to  fill.  Sarcomata  of  this  kind,  as  also 
the  spindle-celled  kiiid,  usually  contain  a  larger  or  smaller  number  of 
giant-cells  (Fig.  53).  These  tumors  are  perhaps  more  properly  described 
as  giant-celled  or  myeloid  sarcomata  than  those  referred  to  in  Art.  159. 
They  chiefly  affect  the  osseous  system. 

The  vessels  of  a  sarcoma  have  generally  walls  which  are  quite  distin- 
guishable. In  some  cases,  however,  they  have  the  appearance  of  canals 
excavated  in  the  substance  of  the  tumor,  the  tumor-cells  themselves 
bounding  the  lumen  of  the  vessel.  Here  it  would  seem  as  if  the  tumor 
had  in  part  arisen  from  multiplication  of  the  cells  in  the  original  vessel- 
wall. 
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161.  Sarcomata  of  peculiar  types.  Sarcomata  do  not  usually 
exhibit  any  special  structure,  or  any  resemblance  to  a  glandular  type. 
The  cellular  elements,  even  when  they  seem  to  resemble  epithelial  cells 
are  dispersed  uniformly  throughout  the  intercellular  substance,  as  in  the 
connective  tissues.  There  are,  however,  exceptions  to  this  in  special 
cases.  There  are  sarcomata  which  have  a  'structure  resemblinar  that  of 
I  gland-tissue,  or  of  epithelial,  new  growths.  This  appearance  of  structure 
is  due  in  part  to  the  epithelial  look  of  the  cells,  but  chiefly  to  their  aggre- 
gated arrangement  in  groups  separated  by  fibrous  septa.  Such  tumors 
are  described  as  alveolar  sarcomata.  Fig.  54  represents  a  section 
from  an  alveolar  sarcoma  of  the  skin. 


,  Pig.  54. — Section  from  a  Melanotic  Alveolar  Sarcoma  of  the  Skin,  x  300.  (HaBmatoxylin  staining, ) 
a,  uninuclear ;  «i,  multinuclear  epithelial-like  tumor-cells  :  b,  pigment-cells ;  e,  stroma  enclosing  blood-ves- 
sels and  pigment. 

The  cells  a  exactly  resemble  epithelial  cells  ;  they  are  grouped  into 

masses,  and  sharply  distinguished  from  the  fibrous  framework  (e)  in 
I  which   they   are   embedded.     This  latter  contains  the    blood-vessels,  or 

rather  the  framework  is  chiefly  made  up  of  a  network  of  blood-vessels  ; 
J  but  no  vessels  enter  the  cell-groups.  This  is  another  point  of  structure 
I  in  common  with  the  epithelial  growths. 

Tumors  of  this  kind  occur  chiefly  in  the  skin,  but  they  are  also  met 
I  with  in  the  bones,  lymphatic  glands,  and  pia  mater.      In  the  case  of  the 
l!  skin  they  originate  in  warts  and  pigment-spots,  which  generally  contain 
I  such  groups  or  nests  of  cells  (Arts.  156  and  398). 
I       The  way  in  which  the  alveolar  structure  is  developed  can  often  be 

clearly  made  out,  especially  in  tumors  of  the   central  nervous  system. 

The  normal  intervascular  tissue  is  transformed  into  masses  of  sarcoma- 
( cells,  while  septa  are  formed  between  the  cell-masses  by  the  fibrous  tis- 

eues  lying  along  the  course  of  the  vessels.     In  other  cases  it  looks  as  if 
15 
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a  plexus  of  pre-existing  or  new-formed  vessels  took  on,  as  it  were,  an  in- 
vestment of  cells,  and  this  grew  thicker  and  thicker,  till  at  length  the 
intervascular  spaces  were  entirely  filled  up.  Accordingly  we  find  this 
form  of  growth  described  as  plexiform  angiosarcoma.  It  has  also  been 
described,  and  not  infrequently,  as  endothelioma.  On  this  view  the 
cell-nests  arise  by  proliferation  from  endothelial  cells.  This  certainly 
happens  when  masses  of  cells  are  formed  from  the  endothelial  covering 
of  the  subarachnoid  meshwork  and  pia  mater  ;  the  masses  afterward 
group  themselves  into  "  nests."  Sometimes  the  proliferous  endothelial 
cells  of  the  pia  mater  are  aggregated  into  small  spherical  nodules  of  a 
peculiar  lustrous  appearance.  The  tumor  into  which  the  membrane  is 
transformed  then  contains  small  shining  pearly  bodies,  made  up  of  lam- 
inated layers  of  squamous  or  tabular  cells.  Such  tumors  have  been  called 
cholesteatomata,  or  pearly  tumors. 

[The  expression  "  plexiform  angiosarcoma "  is  due  to  Waldeyer 
("Virch.  Arch.,"  vol.  Iv.).  The  vessels  of  the  brain,  lymphatic  glands, 
serous  membranes,  and  testis  possess  what  is  called  a  perithelium  ;  that 
is,  the  adventitia  is  invested  with  endothelial  cells.  Proliferation  begins 
in  the  aells  of  this  perithelium,  and  the  vessel  is  thus  invested  with  a 
stratified  covering.  See  Kolaczek,  *'  Deutsche  Zeitsch.  f.  Chir.,"  ix.  ; 
Maurer,  "Virch.  Arch.,"  vol.  Ixxvii.  ;  Neumann,  "Arch.  d.  Heilk.," 
1872  ;  Klebs,  "  Prager  Vierteljahrsschr.,"  1876. 

[It  is  still  a  matter  of  dispute  whether  the  cholesteatomata  are  really 
endotheliomata  of  the  pia  mater  (Eppinger,  "  Prager  Vierteljahrsschr.," 
1875).  They  may  possibly  belong  rather  to  the  dermoid  tumors  (Art.  1 78). 
Similar  growths  are  met  with  in  the  middle  ear  (Wendt,  "Arch.  d.  Heilk.," 
14,  1873  ;  Lucse,  "Arch.  f.  Ohrenheilk."  (New  Series),  1,  1874.)  Some 
regard  them  as  tumors,  others  (with  Wendt)  as  inflammatory  products.] 

162.  Sarcomata  which  contain  deposits  of  pigment  are  described  as 
melanosareomata  (Fig.  54).  The  pigment  is  black  or  brown,  and  lies 
partly  in  the  tumor-cells,  jjartly  in  the  fibrous  matrix  and  vessel-walls. 
It  occurs  chiefly  in  the  form  of  amorphous  granules  ;  but  there  are 
generally  a  number  of  diffusely  stained  cells  as  well.  Melanosareomata 
are  malignant. 

Wlien  the  pigmentation  is  not  extreme  the  tumor  has  on  section  a 
brownish-gray  look,  or  it  may  only  show  patches  of  brown  or  black. 
In  more  marked  cases  the  section  is  uniformly  black.  Very  often 
the  secondary  growths  are  more  intensely  pigmented  than  the  primary 
tumor,  and  this  is  also  the  case  in  growths  that  have  recurred  after  re- 
section. Tumors  of  this  kind  develop  in  tissues  like  the  eye  and  pia 
mater,  which  normally  contain  pigment-cells,  or  in  pigmented  pathological  i 
formations.  The  black  pigment-spots  (raelanomata)  of  the  skin  are  of 
this  latter  class  ;  it  has  already  been  mentioned  that  they  contain 
peculiar  clusters  or  nests  of  cells  (Fig.  54). 
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We  do  not  know  in  what  way  the  pigment  is  formed  (Art.  67).  It  is 
not  to  be  confounded  with  the  brown  pigment  derived  from  extravasated 
blood.  Patches  stained  with  this  blood-pigment  are  sometimes  found 
here  and  there  in  a  sarcomatous  growth^  but  the  true  melanotic  pigment 
is  something  quite  distinct. 

Psammomata,  like  melanosarcomata,  are  growths  which  arise  in 
certain  definite  tissues,  and  but  rarely  anywhere  else.  They  are 
sarcomatous,  fibrous,  or  myxomatous  tumors  originating  in  the  brain 
and  its  membranes,  more  particularly  in  the  choroid  plexus  and  pineal 
gland,  and  containing  a  multitude  of  chalky  concretions.  These  have 
the  same  structure  as  the  grains  of  the  normal  brain-sand  {acervidus 
cerebri).  They  are  made  xip  of  concentric  calcareous  strata,  and  form 
spherical  or  dendritic  aggregations.  They  may  be  so  abundant  as  to 
give  the  tumor  a  stony  feel. 

[We  may  here  just  mention  the  variety  of  sarcoma  called  chloroma. 
It  is  a  cellular  tumor,  whose  section  has  a  light  green  or  dirty  brownish- 
green  tint.  The  color  soon  fades  on  exposure  to  the  air.  Nothing  is 
known  of  the  nature  of  the  coloring-matter.  Chloromata  occur  chiefly  in 
the  periosteum  of  the  skull.     See  Huber,  "  Arch,  d.  Heilk,,"  1878,] 

163.  Some  very  peculiar  forms  of  tumor  are  produced  when  sar- 
comatous tissue  undergoes  partial  hyaline  or  mucoid  degeneration  ;  or 
when  sarcomatous  and  myxomatous  for- 
mations combine.  They  are  generally  in- 
cluded under  the  term  cylindroma,  though 
this  may  also  be  applied  to  tumors  of  an- 
other species  in  which  epithelial  cells  are  in- 
volved (Art.  173,  Fig.  72). 

The  ordinary  soft  cellular  sarcomata 
have  now  and  then  a  more  translucent  ap- 
pearance than  usual,  and  yield  on  section 
a  turbid*  slimy  juice.  These  have  already 
begun  to  undergo  mucoid  change,  as  may 
be  recognized  by  the  swollen  appearance 
of  the  cells,  and  the  formation  of  drops  of 
liquid  within  them.  When  the  tissue  has 
been  hardened  the  change  is  not   so  easily       Fig.  55.— Sarcoma  Myxomatodes,  x400. 

■                                             Ti         1                             11  (Hasmatoxylin  staining.)  a,  stroma ;  6,  sar- 

made  out.       The    cells    then    seem    shrunken  coma-cells  separated  from  the  stroma  by  a 

/T-1.         f.  f,     i^            ,                          ,„             ,,  clear  zone  (in   part  due  to   hardening  in 

(r  Ig.   55,  O),  and  separated  from  the  stroma  chromic  acid  and  alcohol);  c,  swollen  nn- 

/  „\    i_                 1                                o            ,  •                       n  cleus  which  has  lost  its  protoplasm. 

\ci)   by    a  clear    zone.      Sometimes    a    tew 

distended  and  transparent  nuclei  are  observed,  their  protoplasm  having 

become  mucoid  and  so  vanished. 

This  mucoid  change  may  at  times  extend  throughout  the  entire  sub- 
stance of  the  tumor  ;  or  it  may  be  confined  to  scattered  patches,  sepa- 
rated by  unchanged   cells.     Isolated   hyaline  spherules  are  occasionally 
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noticed  among  the  cells.     Such   partially  degenerate  sarcomata  we  may 
describe  as  myxomatodes. 

The  tumors  in  which  sarcomatous  and  mucous  tissue  are  found 
combined  have  on  section  either  a  hyaline  or  an  opaque  dirty  white  ap- 
pearance. The  mucous  tissue  is  partly  composed  of  a  network  of 
ramified  and  anastomosing  cells  (Fig.  56,  a),  in  addition  to  a  mucoid 
basis-substance.  Within  this  tissue  lie  also  branching  clumps  and  strings 
(b)  made  up  of  closely  compacted  cells.  These  strings  are  very  irregular 
in  form  and  anastomose  in  all  directions  ;  they  give  the  tumor  a  very 
peculiar  texture.  Its  general  structure  justifies  the  name  of  myxosar- 
coma, which  has  been  applied  to  it.  It  forms,  as  has  been  said,  a  sub- 
division of  the  class  of  cylindromata.     It  is  not  clear,  from  a  histological 


Fig.  56. — Section  of  Myxosarcoma  (Cylindroma),     x  250.    (Carmine  staining.)  a,  mucous  tissue ;  6,  strings 
and  clumps  of  cells ;  c,  fibrous  tissue. 

point  of  view,  in  what  way  the  clumps  and  strings  of  cells  are  formed. 
They  seem  to  have  no  relation  to  the  ramifications  of  the  vessels,  for 
these  are  seen  to  be  unchanged,  and  run  through  parts  where  the  fibrous 
tissue  has  undergone  no  degeneration. 

A  third  variety  of  cylindromatous  tumor,  also  somewhat  translucent 
and  in  part  gelatinous,  is  characterized  by  the  hyaline  degeneration  which 
affects  the  walls  of  its  vessels  and  the  tissue  around  them.  If  one  of 
these  vessels  be  isolated,  it  is  seen  to  be  invested  with  a  more  or  less 
abundant  deposit  of  hyaline  substance  (Fig.  57,  a).  To  this  sheath  are 
attached  similar  hyaline  appendages  not  traversed  by  vessels.  Outside 
the  hyaline  sheaths,  alternating  with  them  in  fact,  are  nests  and  strings  of 
cells  which  here  and  there  seem  fastened  or  anchored  to  the  hyaline 
masses  (Fig.  57,  b).  The  strings  of  cells  have  much  the  same  look  as 
those  shown  in  Fig.  56,  and  we  infer  that  the  tumor  in  question  is  allied 
to  the  myxosarcomata  just  described.     The  homogeneous  appendages  are 
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the  result  of  hyaline  degeneration  of  the  vessel-walls,  or  of  the  neighbor- 

i   ing  tumor-cells  ;  and  this  hyaline  degeneration  is  either  identical  or  con- 

I   nected  with  mucoid  degeneration.     The  fact  that  actual   mucous  tissue 

(like  that  in  Fig.  50)    is    occasionally  found  mingled  with    the  hyaline 

masses  tells  in  favor  of  this  view. 

This  form  of  cylindroma  may  therefore  be  regarded  as  a  peculiar  vari- 
ety of  myxosarcoma,  in  which  the  mucoid  change  is  chiefly  confined  to 
the  vessels,  and  in  which  the  formation  of  new  vessels  is  an  essential 
feature.  To  emphasize  the  important  part  played  by  the  vessels  in  this 
neoplasm,  we  might  call  it  angiosarcoma  myxomatodes. 


u  i 

Fig.  57.— Blood-vepsels  with  Hyaline  Sheath  and  Appendages  from  a  Cj'lindroma.     x  200.    (From  Sattler'9 
"  Cylindrome,"  1874.)    a,  small  vessel ;  6,  patch  of  epitheiial-like  cells  on  one  of  the  hyaline  appendages. 

Such  growths  have  been  found  principally  in  the  lachrymal  glands, 
salivary  glands,  and  in  the  brain.  They  occur,  however,  elsewhere,  as  in 
the  lip,  placenta,  adipose  tissue,  etc. 

[Cylindroma  is  a  term  due  to  Billroth  ("Untersuch.  iiber  die  Entwick. 
d.  Blutgefasse,"  1856).  Such  tumors,  characterized  by  gelatinous  masses 
and  reticula,  have  since  then  been  very  variously  interpreted,  Koster  de- 
scribed them  as  cancroids  ("  Virch.  Arch.,"  vol.  xL);  Sattler  ("Ueb,  d. 
sogen.  Cylindrome,"  Berlin,  1874)  as  alveolar  sarcomata,  in  which  the 
cell-masses  derived  by  proliferation  from  the  adventitia  had  been  trans- 
formed into  hyaline  cylinders;  Ewetzky  ("Virch.  Arch.,"  vol.  Ixix.)  as 
plexiform  angiosaujomata  with  hyaline  degeneration  of  the  fibrous  stroma, 
or  of  the  adventitia  of  the  vessels.  R.  Maier  ("Virch.  Arch.,"  vol.  xiv,, 
and  "  Lehrb.  d.  allg.  path.  Anat.")  found  cylindromata  in  the  placenta 
and  dura  mater  ;  he  regarded  the  presence  of  an  abundance  of  hyaline  mu- 
cous tissue  persisting  for  a  long  period  unchanged  as  characteristic  of  the 
tumor.  This  tissue  may  develop  out  of  cells  or  out  of  intercellular  sub* 
stance,  fibrous  tissue,  cartilage,  or  tunica  adventitia. 
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Various  tumors  have  been  described  as  cylindromata  which  certainly 
do  not  all  belong  to  the  same  species.  A  number  of  them  belong  to  the 
sarcomata.  Within  this  group  we  may,  as  we  have  said,  distinguish  two 
main  forms  :  first,  the  combined  sarcoma  and  myxoma,  and  secondly,  the 
sarcoma  with  hyaline  or  mucoid  degeneration  extending  to  the  cells,  but 
chiefly  affecting  the  sheaths  of  the  vessels.  Between  these  two,  however, 
many  transitional  forms  are  found,] 


I.  Mixed  Tumors  of  the  Connective-tissue  Group. 

164.  We  have  already  referred  to  various  tumors  in  which  combina- 
tions of  different  tissues  present  themselves.  In  one  sense,  no  tumor  can 
be  said  to  consist  of  a  single  kind  of  tissue  only.  In  a  new  growth  of 
any  size  we  must  always  have  new  vessels,  for  instance.  And  tumors 
whose  characteristic  element  is  not  fibrous  tissue — such  as  chondromata, 
osteomata,  sarcomata,  myomata,  and  myxomata — always  contain  a  very 
considerable  quantity  of  fibrous  tissue  as  an  accessory. 

We  do  not  speak  of  such  cases  as  examples  of  mixed  tumors,  because 
the  accessory  tissue  is,  as  it  were,  put  out  of  sight  by  the  characteristic 
element  ;  it  is  entirely  subordinate.  But  if  the  second  tissue  comes  into 
the  foreground  and  affects  the  texture  of  the  growth  in  a  perceptible 
way,  we  must  indicate  this  in  our  terminology.  This  is  done  by  applying 
to  the  name  of  one  neoplastic  tissue  the  name  of  the  other  as  a  qualify- 
ing term  ;  or  by  simply  combining  the  two  names  into  a  compound  word. 
Thus,  as  in  gliomata  and  fibromata,  the  blood-vessels  may  be  remarkable 
by  their  abundance,  size,  and  dilatations  ;  we  then  speak  of  the  growth 
as  a  glioma  (or  fibroma)  telangiectodes  or  cavernosum.  A  morbid  com- 
bination of  adipose  tissue  with  mucous  tissue  is  called  lipoma  myxoma- 
todes  or  lipomyxoma  ;  a  combination  of  cartilage  and  sarcoma — chondro- 
sarcoma ;  and  so  on.  It  is  not  rare  for  three  or  more  kinds  of  neoplastic 
tissue  to  be  found  within  the  same  tumor.  A  growth  which  starts  in 
fascia  or  intermuscular  fibrous  tissue  may  consist,  for  example,  of  fibrous, 
sarcomatous,  mucous,  and  adipose  tissue  ;  there  may  even  be  vascular 
changes  here  and  there  which  give  it  a  telangiectatic  character.  Such  a 
combination  is  not  very  surprising.  The  neoplastic  proliferation  may  it- 
self result  in  the  development  of  several  diverse  tissues — or,  what  is  more 
common,  the  tissues  of  the  connective  group  become  transformed  the  one 
into  the  other.  We  showed,  for  example,  in  Arts.  90-92,  that  cartilage 
readily  passes  into  mucous  tissue,  which  is  also  frequently  produced  from 
fibrous  or  adipose  tissues.  Sarcomatous  tissue  may  easily  be  the  result 
of  proliferation  of  the  cartilage  of  a  chondroma,  or  the  fibrous  tissue  of  a 
fibroma  ;  and  conversely,  sarcomatous  tissue  may  equally  well  be  trans- 
formed partially  into  osseous  tissue.  Tumors  originating  in  bone  are 
very  apt  to  show  a  tendency  to  bone-formation.  There  are  two  forms 
pecesially  in  which  this  often  occurs — namely,  osteoid  chondroma,  a  com- 
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bination  of  cartilage  and  bony  tissue  ;  and  osteosarcoma,  a  combination 
of  sarcoma  and  bony  tissue. 

165.  Osteoid  chondroma  (or  osteochondroma)  chiefly  affects  the 
larger  long  bones.  If  no  sarcomatous  proliferation  has  modified  it,  it 
usually  forms  a  hard  tumor  seated  on  the  bone  or  embracing  it.  It  often 
reaches  an  enormous  size  ;  and  caiinot  be  cut  with  the  knife,  unless  a  patch 
of  unaltered  cartilage  be  hili  upon.  When  sawn  through,  the  cut  surface 
has  the  look  of  dense,  white,  continuous  bone  ;  on  closer  examination  this 
is  seen  to  be  interspersed  with  streaks  and  islands  of  more  translucent 
cartilage.     Fig.  58  shows  well  the  general  texture  of  the  growth  and  its 


Fig.  58. — Section  from  an  Osteoid  Chondroma  of  the  Humerus.  (Magnified  by  means  of  a  simple  lens; 
double-stainiiip:  with  hiBmatoxylin  and  carmine. )  a,  cortical  layer :  ^,  medullary  spaces  or  cancelli ;  c,  perios- 
teal growth  ;  d,  normal  Haversian  canals  ;  e,  Haversian  canals  distended  with  cartilage,  which  at/contains 
a  core  of  new  bone  ;  g.  cartilage  developed  from  periosteum,  which  at  A.  contains  bony  trabecule  ;  i,  cartilage 
developed  from  medullary  tissue,  which  at  fc  contains  bony  trabeculse ;  /,  original  trabeculas ;  m,  remnants 
of  medullary  tissue. 


matrix,  and  its  relation  to  the  bone.  The  section  represented  is  taken 
from  a  tumor  of  the  humerus.  The  tumor  was  very  firm  and  bony,  and 
surrounded  the  bone  so  as  to  double  its  diameter.  It  was  found  on  di- 
viding the  bone  longitudinally  that  the  medullary  spaces  were  filled  with 
firm  tumor-tissue  of  the  same  structure  as  the  periosteal  growth.  The 
original  bone  was  only  recognizable  in  the  region  of  its  cortical  layer. 
Fig.  58  represents  a  section  taken  at  right  angles  to  the  axis  of  the  bone, 
and  including  the  periosteal  growth,  the  cortical  layer,  and  a  part  of  the 
altered  cancellous  tissue. 

We  find  instead  of  periosteum  a  mass  of  cartilaginous  tissue  {g)  in- 
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terspersed  thickly  with  bony  trabeculse  (h).  These  run  generally  at  right 
angles  to  the  surface  of  the  original  bone,  but  anastomose  freely. 
Small  lacunae  and  canals  are  seen  throughout  the  cartilage  ;  they  contain 
a  few  blood-vessels  and  a  small  amount  of  fibrous  tissue.  The  corti- 
cal layer  (a)  is  still  distinguished  by  the  concentric  stratification  of  the 
lamellae.  Many  of  its  Haversian  canals  are  dilated  and  filled  up  (except 
for  a  small  lumen  in  which  the  blood-vessel  runs)  with  masses  of  cartilage. 
These  masses  sometimes  contain  trabecular  cores  of  new-formed  bone  (f). 
Instead  of  the  marrow,  which  should  fill  the  interior  of  the  bone  (b),  we 
find  vascularized  cartilage,  also  containing  numbers  of  trabeculse.  The 
genesis  and  primary  seat  of  the  growth  may  thus  be  made  out  at  once 
from  this  preparation.  Cartilaginous  proliferation  has  been  set  up  in  the 
periosteum  and  in  the  medullary  tissue,  and  the  product  has  subsequently 
been  partially  transformed  into  bone. 

Osteosarcoma  has  an  exactly  analogous  appearance.  The  difference 
is  merely  that  sarcomatous  tissue  fills  the  spaces  between  the  trabecules 
instead  of  cartilag-e.  The  trabeculae  are  at  the  same  time  more  delicate 
and  less  numerous.  The  seat  of  the  tumor'(as  is  the  case  too  with  os- 
teoid chondroma)  is  often  confined  to  the  periosteum.  The  bone  is  then 
more  or  less  eroded. 

[References  :— Miiller,  "  Miiller's  Arch.,"  1843  ;  Virchow,  "  Die  kr. 
Geschwiilste,"  i.;  Rindfleisch,  "Path.  Hist.,"  ii.;  Wilks  and  Moxon, 
"Path.  Anat.,"  London,  1875  ;  Paget,  "Surg.  Path.,"  Lecture  33.  A 
summary  of  cases  and  some  beautiful  drawings  of  sarcomatous  tumors 
connected  with  bone  will  be  found  in  Butlin's  "Sarcoma  and  Carci- 
noma," London,  1883.] 


CPIAPTEPt  XXVII. 
EPITHELIAIj  tumoes. 

166.  The  tumors  we  have  hitherto  treated  of  have  been  developed  out 
of  tissues  belonging  to  the  connective-tissue  group;  in  other  words,  out 
of  tissues  derived  from  the  mesoblast.  The  tumors  we  have  now  to  deal 
•with  contain  in  addition  epithelial  elements,  that  is  to  say,  structures 
derived  from  the  epiblast  and  hypoblast.  These  epithelial  elements  are 
in  fact  the  structures  which  give  its  special  character  to  the  class.  The 
tumors  of  the  class  are  therefore  very  fitly  comprehended  under  the  one 
title  of  epithelial  neoplasms.  All  of  them  consist  of  epithelial  cells  on 
the  one  hand,  and  of  vascular  connective  tissue  on  the  other.  The  latter 
tissue  goes  to  form  the  framework  or  stroma  in  which  the  epithelial  ele- 
ments are  embedded.  The  type  or  plan  of  their  construction  is  that  of 
the  simple  gland,  and  they  maintain  the  resemblance  throughout  many 
of  the  phases  of  their  development.  They  thus  call  to  mind  in  many 
ways  the  various  glands  of  the  body  ;  though  the  degree  of  resemblance 
differs  much  in  the  different  forms. 

Some  of  them  are  built  exactly  on  the  plan  of  some  particular  gland  ; 
the  new-formed  tissue  corresponds  to  a  definite  glandular  type.  Tumors 
of  this  kind  we  call  adenomata. 

Another  group  never  reach  this  perfection  of  structure.  They  ex- 
hibit as  it  were  only  the  first  stage  of  the  gland-making  process.  Epithe- 
lium and  fibrous  tissue  interpenetrate  each  other  in  an  inchoate  way. 
^he  process  is  never  carried  higher,  but  the  crude  formation  is  repeated 
and  reproduced  indefinitely.  By  multiplication  of  the  epithelial  cells  we 
have  produced  nests  and  clusters  and  strings  of  cells,  and  these  are  em- 
bedded in  connective  tissue  whose  elements  are  likewise  multiplying. 
The  result  is  a  neoplasm  consisting  of  a  fibrous  network  or  framework,  in 
the  meshes  of  which  are  lodged  a  multitude  of  variously  shaped  epithelial 
cells.  But  there  is  no  orderly  arrangement  of  these  epithelial  cells.  In 
the  adenomata  they  tend  to  clothe  the  walls  of  the  alveoli  in  a  regular 
way,  leaving  open  a  central  lumen  as  in  the  acinus  of  a  gland.  In  the 
tumors  now  considered  these  cells  remain  in  compact  irregular  masses. 
Epithelial  tumors  of  this  kind,  in  which  the  glandular  type  is  most  im- 
perfectly followed,  are  described  as  carcinomata  or  true  cancers. 

Adenoma  and  carcinoma  are  generally  malignant.     They  tend  to  in- 
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vade  the  surrounding*  tissues  ;  and,  by  the  channels  of  the  lymph  or  of 
the  blood,  are  apt  to  affect  distant  regions  and  produce  metastases. 
But  the  degree  of  malignancy  varies  greatly  ;  it  depends  not  only  on 
the  histological  structure  of  the  growth,  but,  to  an  even  greater  extent, 
on  its  locality. 

[The  definition  "we  have  given  of  adenoma  and  carcinoma  is  based 
partly  on  their  histology,  partly  on  their  mode  of  genesis.  From  the 
morbid  anatomist's  point  of  view  this  is  the  only  correct  mode  of  defini- 
tion. Tumors  containing  none  but  mesoblastic  cells  may  and  do  corre- 
spond in  their  general  structure  with  others,  in  which  undoubted  epi- 
thelial cells  form  the  characteristic  element  ;  and  for  this  reason  a  merely 
anatomical  method  of  diagnosis  would  be  insufficient.  If  carcinoma  be 
defined  as  an  alveolar  tumor  composed  of  a  fibrous  network  containing 
nested  cells,  it  is  impossible  to  separate  between  carcinoma  and  alveolar 
sarcoma.  It  is  owing  to  this  purely  anatomical  mode  of  definition  that 
we  have  had  controversies  as  to  whether  carcinoma  really  depends  upon 
epithelial  proliferation,  and  whether  cancers  may  not  have  their  origin 
in  fibrous  structures.  Such  controversies  become  irrelevant  if  we  base 
the  distinction  on  histogenetic  grounds.  A  tumor  is  to  be  called  car- 
cinomatous only  when  the  epithelial  elements  take  an  active  part  (as 
above  described)  in  its  formation.  A  connective-tissue  tumor  which  has 
ostensibly  the  same  structure,  but  whose  mode  of  genesis  is  entirely  dif- 
ferent, is  to  be  distinguished  as  an  alveolar  sarcoma.] 

a.  Adenoma. 

167.  Adenoma  is  a  tuinor  constructed  after  the  type  of  a  secreting 
gland.  The  definition  might  at  first  sight  tempt  us  to  term  every  glan- 
dular enlargement,  in  which  the  elements  are  abnormally  multiplied,  an 
adenoma.  This  would,  however,  be  incorrect.  Adenoma  is  a  true  neo- 
plasm, characterized  physiologically  by  its  impotence  to  produce  the  nor- 
mal gland-secretion,  and  anatomically  by  its  want  of  relation  to  the  tissue 
in  which  it  is  seated.  A  gland  enlarged  by  overgrowth,  or  overwork,  or 
chronic  inflammation,  cannot  be  described  as  an  adenoma.  It  is  a  hyper- 
plasia ;  and  if  it  be  the  true  gland-tissue  and  not  merely  the  fibrous 
framework  which  is  excessively  developed,  the  physiological  activity  of 
the  gland  is  thereupon  increased. 

We  must  regard  in  the  same  way  the  tumor-like  growths  which  occa- 
sionally develop  in  mucous  membranes,  chiefly  as  a  result  of  chronic  in- 
flammation. They  are  mere  localized  proliferations,  rising  above  the 
general  surface  as  nodular,  polypous,  or  papillary  outgrowths.  The 
fibrous  tissue  is  the  first  to  increase,  and  this  leads  to  some  increase  of 
the  epithelium,  chiefly  because  the  local  submucous  swelling  involves  an 
increase  of  the  mucous  surface.  If  any  glands  are  present  (as  in  the  in- 
testine  or  uterus),  they  also   undergo   change.     If  their   ducts  become 
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Fig.  59. — Papillary  Growths  inside  a  Cyst. 
X  .300.  (From  a  gastric  polypus  :  haBmatoxylin 
staining.)  a,  gland- tubules  with  cylindrical  epi- 
thelium ;  fi,  stroma  infiltrated  with  cells ;  <?,  pa- 
pillaiy  growths  into  a  cyst,  covered  with  mucoid 
epithelium. 


blocked,  they  may  become  distended  with  secretion,  and  form  larger  or 
smaller  cysts.  Other  glands  may  enlarge  by  increase  of  their  stroma  ; 
and  lastly,  there  may  be  in  some  an  active  growth  and  increase  of  the 
specific  gland-tissue. 

It  is  easy  to  demonstrate  that  such  new-formations  of  fibrous  and 
glandular  tissue  do  take  place.  The  most  suitable  objects  for  examina- 
tion are  perhaps  the  papillafy  or  villous 
growths  which  form  on  the  inner  sur- 
face of  glands  undergoing  cystic  de- 
generation (Fig.  59,  c).  These  are 
sometimes  so  abundant  that  the  cyst 
seems  quite  filled  up  with  the  new 
tissue. 

Such  an  overgrowth  of  the  mucous 
membrane,  in  which  the  local  glands 
are  simultaneously  enlarged,  is  best  de- 
scribed as  a  glandular  h3^perplasia. 

168.   True  adenoma  is  generally  dis- 
tinguishable    from    glandular    hyper- 
plasia by  obvious  characteristics.     Its 
consistence,  color,  and  structure  all  mark  it  off  plainly  from  the  surround- 
ing tissue. 

Adenomata  are  usually  knot-like  growths  arising  within  the  substance 
of  glands,  or  in  glandular  epithelial  or  epidermic  tissues.  In  the  first 
case  it  is  generally  a  part  only  of  the  gland  that  is  transformed  into 
tumor-tissue.  In  the  mucous  membranes  and  skin  the  tumor  is  likewise 
circumscribed.  When  an  entire  organ  like  the  ovary  is  included  in  the 
growth,  it  is  easy  to  make  out  by  the  alteration  in  the  structure  that  it  is 
an  adenoma,  and  not  the  result  of  simple  hypertrophy.  Adenomata  are 
often  pale,  soft,  and  marrowy  ;  in  other  cases  they  are  dense  and  coarse. 

Microscopic  examination  will  obviate  any  doubt,  which  mere  inspec- 
tion may  leave,  as  to  the  nature  of  a  questionable  adenoma.  The  struct- 
ure of  the  neoplasm  is  always  different  from  that  of  the  affected  tissue. 
It  always  corresponds  with  the  type  of  some  normal  tissue  ;  but  this  is 
not  the  type  of  the  matrix  in  which  it  lies.  Adenoma  of  the  intestine 
may  be  made  up  of  ramified  and  convoluted  tubules — not  of  Lieberkiihn- 
ian  crypts.  Adenoma  of  the  liver  may  be  made  up  of  tubular  glands  in- 
stead of  lobules.  Adenoma  of  the  mamma  is  at  once  distinguished  from  the 
normal  gland-tissue  by  the  mode  in  which  the  epithelial  cells  are  repro- 
duced and  arranged,  and  by  the  structure  of  the  neoplastic  acini. 

The  difference  between  normal  and  neoplastic  gland-tissue  is  perhaps 
most  marked  of  all  in  the  case  of  the  ovary.  Ovarian  adenoma  is  apt  to 
grow  to  an  enormous  size,  and  very  often  imperils  the  life  of  the  patient 
afflicted  with  it.  It  usually  takes  the  form  of  a  multilocular  cystoma, 
or  cystadenoma,  as  it  is  called,  and  is  made  up  of  a  multitude  of  small 
and  large  cysts.     These  contain  a  ropy,    clear  or   turbid,  and  variously 
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tinted  liquid.  Their  inner  surface  resembles  that  of  smooth  mucous 
membrane.  The  walls  are  chiefly  of  a  fibrous  texture  ;  but  here  and 
there  occur  masses  of  tissue  with  a  soft  marrow-like  section,  and  white  or 
pink  in  color,  which  resemble  parenchymatous  gland-substance.  These 
masses  exemplify  the  early  stages  of  the  tumor's  development  ;  they  con- 
sist of  a  fibro-cellular  stroma,  containing  glandular  tubules  lined  with  tall 
cylindrical  epithelium  (Fig.  60).  Some  of  the  tubules  are  dilated.  This 
dilatation  is  the  first  step  toward  the  formation  of  a  cyst  ;  it  is  the  re- 
sult of  an  accumulation  of  secretion.  When  small  cysts  are  thus  formed, 
the  fibrous  tissue  round  them  often  proceeds  to  grow  into  the  cavity  in 
the  form  of  papillary  protuberances  (Fig.  60).  These  papillary  growths, 
which  often  develop  in  vast  numbers,  give  to  this  variety  its  specifio 
name  of  papilliferous  cystadenoma. 


Fig.  60. — Section  from  a  Papilliferous  Cystadenoma.     x  40.     (Hasmatoxylin  staining.) 


169.  All  adenomata  have  not  the  same  grave  significance,  whether  we 
regard  the  affected  organ  or  the  system  generally.  Ovarian  adenoma 
destroys  the  organ  and  jeopardizes  life  by  its  size  ;  but  it  forms  no  me- 
tastases and  does  not  invade  neighboring  structures.  Adenoma  of  a. 
sweat-gland  or  sebaceous  gland  remains  as  a  local  tumor,  never  reaching 
any  great  size.  But  the  case  is  different  with  the  adenomata  of  the  ali- 
mentary canal,  namely  those  of  the  stomach,  large  or  small  intestine,  and 
rectum.  Each  of  these  tends  to  invade  and  destroy  the  surrounding 
parts,  and  to  form  metastases.  They  are  as  malignant  as  the  malignant 
carcinomata.  In  order  to  indicate  this  fact  in  their  distinctive  name, 
they  have  been  called  destructive  adenomata,  or  adenocarcinomata. 
Their  malignancy  is  manifested  even  in  their  local  behavior.  Fig.  61 
represents  a  section  through  the  advancing  margin  of  a  small  destructive 
adenoma  of  the  stomach  ;  it  is  remarkable  for  the  great  size  of  its  glan- 
dular tubules  and  of  the  epithelial  cells  which  line  them. 

The  figure  (Fig.  61)  shows  that  the  neoplastic  tubules  are  first  devel' 
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oped  in  the  mucosa,  the  normal  constituents  of  the  mucous  membrane 
simultaneously  disappearing.  Starting  thence  the  neoplasm  invades  the 
submucosa  (b).  It  intrudes  itself  along  the  intermuscular  septa  between 
the  muscle-bundles  of  the  muscularis  (c)  ;  and  finally  extends  along  the 
serous  layer  (d).  Here  and  there  through  the  fibrous  tissue  may  be  seen 
heaps  of  small  cells  ;  this  indicates  that  proliferation  is  going  on  in  this 
tissue  likewise. 


Fig.  61. — Section  through  the  Advancing  Margin  of  a  Destructive  Adenoma  of  the  Stomach,  x  25. 
(Hasmatoxylin  staining. )  a,  mucosa  ;  6,  submucosa  ;  c,  muscularis  ;  d,  serosa  ;  e.  neoplasm  which,  starting 
from  the  mucosa,  has  invaded  the  other  layers.  Small-celled  infiltration  here  and  there  accompanies  the 
formation  of  the  neoplastic  tubules. 

This  invasion  of  the  neighboring  tissues  is  the  first  step  tovpard  the 
formation  of  metastases.  Clearly  the  lymph-spaces  of  the  tissue  are  cer- 
tain to  be  encountered  by  the  advancing  growth,  and  when  this  happens 
the  path  of  infective  transport  stands  open. 

Destructive  adenoma  is  a  soft  marrowy  tumor,  taking  the  form  either 
of  a  papillary  or  fungous  outgrowth,  or  more  commonly  of  a  level  and  ex- 
tensive thickening  of  the  mucous  membrane.  The  new  tissue  frequently 
breaks  down  and  ulcerates.  The  ulcers  have  a  soft  infiltrated  base  and 
raised  rampart-like  edges,  or  the  surrounding  tissue  is  beset  with  nodular 
growths. 

b.    Carcinoma. 

170.  If  we  define  carcinoma  as  a  growth  characterized  by  epithelial 
multiplication  (Art.  166),  and  not  agreeing  with  any  normal  glandular 
type,  we  must  at  the  same  time  lay  stress  on  the  fact  that  this  epithelial 
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multiplication  is  no  merely  accessory  or  subordinate  feature.     It  is  the 
essential  and  distinguishing  character  of  the  neoplasm. 

Simple  non-typical  multiplications  of  epithelium  are  by  no  means 
uncommon  ;  but  they  are  not  necessarily  to  be  interpreted  as  carcinoma- 
tous. Subepidermic  granulomatous  tumors  of  the  skin  (Art.  132,  Fig.  37) 
will  often  exhibit  in  their  superficial  layers  clusters  and  rolls  and  strings 
of  epithelial  cells  altogether  diverse  from  any  normal  mode  of  grouping  ; 
and  the  same  may  be  observed  in  skin-wounds  which  are  in  process  of  re- 
pair by  epidermic  growth  and  multiplication.  So,  too,  in  glands  altered 
by  inflammation,  and  in  fibrous  tumors  occurring  in  glands,  the  glandular 
epithelium  may  begin  to  multiply  and  lead  to  the  formation  of  epithelial 
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Fig.  62.— Section  from  a  Cutaneous  Cancer  or  Epithelioma,  x  20.  (Aniline-brown  staining.)  a,  epi- 
dermis ;  &,  coriam ;  c,  subcutaneous  areolar  tissue ;  d,  sebaceous  gland ;  e,  hair-follicle  ;  /,  cancerous  in- 
growths from  the  epidermis;  g,  deep-set  cancerous  ceU-groups ;  A,  proliferating  fibrous  tissue;  i  (above), 
cell-nest  or  epidermic  globe  ;  i  (below),  sweat-gland. 

masses  that  are  altogether  non-typical  or  atypical  in  appearance.  For- 
mations of  this  kind  are  not  to  be  classed  with  the  carcinomata.  They 
lack  the  power  of  growing  indefinitely  and  of  infiltrating  the  surrounding 
tissues.  They  are  incapable  of  raising  themselves  to  the  rank  of  the 
independent  tumor,  that  is  nourished  like  a  parasite  at  the  expense  of 
the  organism,  and  invades  the  tissues  to  their  destruction.  They  can 
only  extend  where  a  free  surface  is  open  to  them,  due  either  to  antece- 
dent inflammation  or  to  the  formation  of  a  true  tumor.  In  wounds  or 
subepithelial  granulations  these  proliferous  growths  have  no  more  signi- 
ficance than  the  covering  of  an  abraded  surface  with  new  epithelium. 
The  epithelium  forms  only  in  places  where  the  underlying  tissue  is  so 
arranged  as  to  leave  free  surfaces  or  open  fissures,  and  the  process 
amounts,  in  a  word,  merely  to  the  "  skinning-over  "  of  internal  surfaces. 
The  mode  in  which  true  carcinoma  develops  and  extends  is  quite  dif' 
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ferent.  The  epithelial  new-formation  is  not  limited  to  free  or  bared  sur- 
faces ;  it  actively  invades  the  contiguous  connective  tissues.  Thus  we 
may  have  a  cutaneous  cancer  or  epithelioma,  which  consists  essentially 
of  cellular  prolongations  of  the  interpapillary  promontories  of  the  Mal- 
pighian  layer,  penetrating  and  ramifying  in  the  fibrous  tissue  of  the 
corium  (Fig.  02,/*).  These  prolongations  go  on  growing  and  multiply- 
ing, and  ultimately  infiltrate  the  corium  over  a  more  or  less  extensive 
area,  taking  the  form  of  detached  strings  and  nests  of  cells  {g).  In  this 
case,  then,  we  may  regard  the  carcinoma  as  an  epithelial  infiltration  of 
the  corium  starting  in  the  superficial  epidermis.  The  share  taken  by  the 
corium  itself  is  not  always  the  same.  At  first  we  are  generally  unable 
to  detect  in  it  any  histological  change  whatsoever.  The  fibrous  stroma 
ki  which  the  epithelial  cells  are  lodged  is  furnished  by  the  unaltered 
corium  alone.  In  other  cases,  and  in  later  stages  (Fig.  62,  A),  a  percep- 
tible amount  of  cell-multiplication,  and  occasionally  of  vascularization, 
takes  place.  It  almost  looks  as  if  the  fibrous  tissue  were  endeavoring, 
by  compensatory  growth  on  its  own  part,  to  counteract  the  invasion  of 
its  borders  by  the  epithelium. 

In  tumors  formed  in  the  way  we  have  described,  the  intruded  masses 
of  epithelial  cells  are  spoken  of  as  cancerous  cell-nests,  and  the  sepa- 
rate cells  as  cancer-cells.  The  fibrous  framework  in  which  they  lie, 
made  up  jDartly  of  pre-existing  and  partly  of  new-formed  fibrous  tissue, 
is  called  the  cancerous  stroma. 

171.  The  development  of  cancer  in  glands  is  essentially  similar  to 
that  which  starts  in  squamous  epithelium  or  epidermis.  Thus  in  the 
glands  of  the  uterus  we  have  cancer  commencing  with  active  growth 
and  multiplication  of  the  cylindrical  epithelial  cells.  The  single  layer  of 
cylindrical  cells  is  transformed  into  a  series  of  stratified  or  disorderly 
masses  of  epithelium  (Fig.  63)  piled  upon  each  other.  The  size  of  the 
gland  (b)  is  thus  considerably  increased,  and  soon  its  typical  structure  is 
overlaid  and  lost  by  the  substitution  of  great  cell-masses  and  cancerous 
cell-nests  or  loculi.  The  cells  retain  their  cylindrical  form  only  at  the 
borders  of  these  groups.  This  represents  the  first  stage.  In  the  second, 
the  surrounding  tissue  is  invaded  and  infiltrated  by  cancerous  cell-nests. 

A  section  from  the  advancing  margin  of  a  mammary  cancer  (Fig.  64) 
shows  at  one  view  the  various  steps  of  the  process  ;  a  low  magnification 
is  all  that  is  necessary.  The  first  stages  in  the  formation  of  the  mammary 
cancer  are  essentially  the  same  as  those  observed  in  uterine  cancer,  though 
the  peculiarities  of  the  matrix  bring  about  certain  minor  variations.  The 
primary  aberration  is  an  excessive  multiplication  of  the  glandular  epithe- 
lium. This  is  followed  by  general  epithelial  infiltration.  The  small  and 
scattered  acini  of  the  mamma  are  replaced  by  cancerous  cell-nests  of 
various  form  and  size  (e),  embedded  in  a  scanty  stroma.  Starting  from 
these  as  primary  foci,  the  infiltration  of  the  connective  tissues  ((/,  f)  ex- 
tends far  and  wide  beyond  the  region  of  the  gland-tissue  itself.  The 
fibrous  bundles  are  thrust  asunder  by  the  multiplying  cells,  which  link 
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themselves  into  fusiform  or  rounded  masses,  or  into  long  ramifying  strings 
and  bands.  Spreading  upward  these  invade  the  corium  ;  single  cell- 
nests  may  even  be  found  immediately  underlying  the  epidermis  {g). 
Within  the  substance  of  the  nipple  (a),  also,  we  may  discover  numerous 
cancerous  patches  (A)  in  the  fibrous  tissue  between  the  galactophorous 
ducts  (d).  In  the  figure  we  note  that  the  only  uninvaded  part  of  the 
gland  is  near  its  edge.  Even  here,  however,  the  groups  of  round-cells 
scattered  through  the  connective  tissue  [k)  show  that  the  structures  are 
not  altogether  in  their  normal  condition. 


Pig.  63. — Section  from  a  Cancer  of  the  Uterine  Glands,      x    250.     (Hematoxylin  staining.)    a,  stroma^ 
6,  cancerous  ingrowths  or  loculi ;  c,  isolated  cancer-cells. 

To  sum  up  all  that  we  learn  from  this  preparation  concerning  the  ex- 
tension of  the  cancer  we  may  say — that  the  process  consists  in  infiltra- 
tion of  the  connective  tissue  with  epithelial  cell-nests  ;  that  this  is  ac- 
companied or  succeeded  by  inflammatory  or  proliferous  changes  in  the 
connective  tissue  ;  and  that  these  ultimately  result  in  fibrous  hyperplasia. 


[We  are  chiefly  indebted  to  Thiersch  ("  Der  Epithelialkrebs,"  1865) 
and  Waldeyer  ("Virch.  Arch,,"  vols.  41,  55)  for  the  discovery  that  a 
Jarge  class  of  tumors  (other  than  the  adenomata)  existed,  in  which  epithe- 
lium formed  an  essential  constituent.  Thiersch  demonstrated  that  can- 
cer-cells are  derived  from  epithelium,  drawing  his  arguments  principally 
from  cases  of  cutaneous  cancer  or  epithelioma.     Waldeyer  extended  his 
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researches  to  organs  of  every  kind.  Many  subsequent  observations  have 
proved — that  a  considerable  number  of  tumors  which  were  believed  by 
Virchow  and  others  to  originate  as  connective-tissue  growths  do  really 
originate  in  epithelial  growth  and  multiplication.  The  class  of  con- 
nective-tissue tumors  has  thus  been  greatly  diminished.  The  great  ma- 
jority of  the  alveolar  tumors  included  by  Virchow  under  the  general 
term  carcinomata  must  no\y  be  ranked  as  epithelial  tumors.  See  Bill- 
roth's  "  Surg.  Pathology,"  third  edition  ;  Lucke^  in  "  Billroth  u.  v.  Pithas 
Handbuch,"  vol.  ii.;  Schrijn,  "  Contrib.  alia  anat.  della  cute  umana," 
1865  ;  and,  for  criticism  of  the  "  epithelial  theory  "  of  carcinoma,  Paget'g 


Fig.  64. — Section  through  a  Mammary  Cancer.  (Magnified  by  means  of  a  simple  lens.)  a,  nipple  ;  \ 
mammary  tissue ;  c,  skin  :  rf,  galactophorous  ducts  ;  e,  cancer-tissue  replacing  the  gland-tissue  ;  /,  fat- 
lobules,  normal  or  undergoing  cancerous  change  ;  g,  cancerous  skin  ;  h,  cancerous  cell-nests  in  the  nipple  ; 
|!,  normal  acini ;  k,  infiltration  of  fibrous  tissue  with  round-cells. 

\  ' 

"  Surg.  Path.,"  Lect.  35.  Roster's  attempt  ("  Die  Entwickelung  der  Car- 
cinome,"  1869)  to  disprove  the  participation  of  the  epithelium  in  a  large- 
class  of  alveolar  tumors,  and  to  derive  the  cell-nests  from  the  proliferous^ 
endothelium  of  the  lymphatics,  has  not  proved  successful. 

This  being  the  case,  it  \^ill  be  best  in  future  to  designate  the  various^ 
tumors  not  according  to  their  structure  merely,  but  also  with  respect  to 
their  genesis.  Carcinoma  will  then  imply  not  only  an  alveolar  structure, 
but  an  epithelial  origin  also.  The  mode  of  genesis  is  the  distinctive  and 
definitive  character  ;  the  alveolar  structure  is  merely  a  result  of  contin- 
gent or  non-essential  factors.] 


173.  From  the  description  we  have  given,  it  will  be  manifest  that  the 
16 
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so-called  cancer-cells  are  nothing  other  than  proliferous  epithelial  cells ; 
and  we  may  therefore  expect  them  to  exhibit  epithelial  characteristics. 
Accordingly  we  find  that  they  preserve  throughout  the  traces  of  their 
descent.  They  are  comparatively  large,  and  have  large  vesicular  nuclei 
containing  nucleolar  corpuscles  ;  and  they  have  certain  habits  of  group- 
ing peculiar  to  the  parent  structures.  Cutaneous  cancers  (epitheliomata) 
contain  cells  exactly  like  those  of  the  Malpighian  layer,  and  they  may 
undergo  cornifying  processes  analogous  to  those  which  are  normal  in  the 
case  of  the  epidermis.  Cancers  starting  in  the  intestinal  mucous  mem- 
brane are  provided  with  cylindrical  epithelium.  But  this  maintenance 
of  the  ancestral  cell-type  has  its  limits. 

When  strings  or  wedges  of  epithelial  cells  penetrate  the  fibrous  tis- 
sues, it  invariably  happens  that  the  tightly  packed  elements  aifect  each 

other  mutually,  and  chiefly  as  regards 
their  form  (Fig.  65).  We  may  see 
how  this  occurs  by  considering  a  sec- 
tion of  one  of  these  conical  epithelial 
wedges — which  from  their  appearance 
have  been  called  "bird's-nest  bod- 
ies "  (concentric  or  epidermic  globes). 
When  the  cells  are  isolated  it  is  found 
that  there  are  scarcely  two  alike  in 
shape.  This  multiformity  of  the  cells 
of  cancer  has  long  been  a  familiar 
fact  ;  it  has  even  been  exalted  into  a 
characteristic  feature.  It  obtains  in 
squamous  epithelioma  and  in  cylindrical  carcinoma,  starting  in  the  cylin- 
drical epithelium  of  intestine  or  gland.  The  original  type  is  only  in  a 
few  cases  preserved  pure  and  unmodified. 

At  the  same  time  we  must  not  look  upon  this  multiformity  as  any- 
thing peculiar  to  cancer.  Multiform  cells  may  occur  in  other  tumors — in 
the  sarcomata,  for  instance.  All  we  can  say  is — that  in  virtue  of  the 
peculiar  mode  of  cell-multiplication  in  the  carcinomata,  multiform  cells 
are  especially  apt  to  be  produced  in  them.  What  is  true  of  their  alveo- 
lar structure  is  also  true  here.  In  consequence  of  their  mode  of  develop- 
ment we  always  find  that  cancers  are  alveolar  ;  but  other  tumors  whose 
genesis  is  entirely  different  may  nevertheless  exhibit  the  same  structure. 
173.  Varieties  of  carcinoma  have  been  distinguished  according  to 
their  site  and  place  of  origin,  the  form  and  texture  of  the  cells,  the  ar- 
rangement of  the  cells,  and  the  mode  of  epithelial  infiltration  dependent 
thereon,  and  finally  the  abundance  and  texture  of  the  fibrous  stroma. 
Many  of  these  distinctions  have  now  ceased  to  have  any  real  significance. 
The  title  given  to  certain  cancers  of  the  skin  or  mucous  membrane — ■ 
namely,  epithelioma  or  epithelial  cancer — is  now  useful  only  as  indicat- 
ing conveniently  their  seat  and  histological  structure.  Formerly  the 
title  implied  a  contradistinction  between  cancer  of  the  epithelia  and  can- 


FlG.   fi5. — Bird's-nest    Body    or 
Globe  '■  fi'om  an  Epithelioma. 
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cer  of  the  connective  tissues.  Other  terms,  like  medullary,  simple,  or 
scirrhous,  applied  to  various  structural  varieties  of  cancer  chiefly  origin- 
ating' in  the  glands,  have  also  only  a  limited  application  ;  inasmuch  as 
an  individual  cancer  may  not  have  exactly  the  same  structure  throughout 
}    all  its  parts,  or  in  all  its  successive  stages. 

Generally  speaking,  the  form  of  the  cancer  depends  on  the  structure 
of  the  matrix  in  which  it  is  seated.     A  certain  group  of  forms  are  found 
to  recur  perpetually  in  each  particular  organ.     It  vpould  seem  most  nat- 
i    ural  d  priori  to  divide  the  carcinomata  into  two  groups — those,  namely, 
j    which  start  in  investing  or  surface  epithelium,  and  those  which  start  in 
glandular  epithelium.      Such  a  division  might  be  preferable  from  a  theo- 
retical  point   of  view  ;  but  it   is   not   always  practicable,  as   it   demands 
!    rather  minute  histological  investigation.     An  epithelioma  starting  in  a 
j   sebaceous  gland  has  generally  the  very  same  appearance  as  one  starting 
j   in  a  hair-follicle  or  in  the  epidermis.      In  cancer  of  the  intestine,  it  would 
j   often  be  a  matter  of  very  great  difficulty  to  decide  whether  the  disease 
i   started  in  the  simple  lining  epithelium,  or  in  that  of  the  crypts  of  Lieb- 
erkiihn.     For  this  reason  it  is  advisable  to  classify  the  carcinomata  under 
!   a  few  main   types,  distinguished  by  sufficiently  well-marked   anatomical 
differences.      The  following  are  the  most  important. 

(1)  Squamous  epithelial  cancer.     The  chief  representative  of  this 

class  is  epithelioma  or  cutaneous  cancroid  (Fig.  62).     This  gives  rise  to 

I   warty  and  nodular   tumors,  or   to   diffuse  thickenings  of   the  skin.     It  is 

'   characterized  by  the  occurrence  in  it  of  large  epithelial  nests,  made  up 

of   large    multiform  squamous  cells.     Ulcers  are  very  often  formed  by 

I   the  breaking  down  of  the  new  tissue. 

If  the  section  of  an  epithelioma  be  scraped,  a  gritty  mass  is  obtained 

consisting  mainly  of   nests   and   single  cells.     The   nests   often  take  the 

j  form  of  globes,  in  which .  the  cells   are   arranged  concentrically  like   the 

\  coats  of   an  onion  (Fig.  62,  ^).     These  at   times  become   horny,  forming 

what  are  called  epithelial  pearls.      Epitheliomata  in  which    these  pearls 

'   are  a  distinct  feature  have  been  called  horny  or  corneous  cancroids.     The 

I   tumor-cells  of  epithelioma  are  descendants  of  the  superficial  epidermis, 

I   and  also    of    the    epithelia  of    the    hair-follicles    and    sebaceous    glands. 

Squamous  epithelial  cancers  occur  in  all  the  mucous  membranes  covered 

^   with  squamous  epithelium — in  the  mouth,  pharynx,  oesophagus,  bladder, 

I  vagina,  etc. 
(2)  Cylindrical  epithelial  cancer.     This  has  its   seat  in   mucous 
membrane,  chiefly  that   of  the   intestine,  but  also   in  that  of  the  uterus. 
j   It  forms  soft  nodulated  tumors  which  start  in  the  columnar  epithelium  of 
I  the  glands. 

j  In  consequence  of  active  multiplication  among  the  epithelial  cells  the 
glands  become  distended  into  more  or  less  globular  nests  (Fig.  66).  By 
mutual  compression  the  cells  assume  very  various  forms,  retaining  their 
columnar  character  only  at  the  periphery.  Sometimes  an  unoccupied 
space  or  lumen  remains  at  the  centre.     The  cell-nests   having  thus  the 
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appearance  of  gigantic  gland-acini,  the  tumor  has  also  been  described  as 
adenocarcinoma  ;  we  reserve  this  term  for  the  destructive  adenoma  de- 
scribed  in  Art.  169. 

Glandular  cancer  of  a  like  kind,  with  a  coarse  alveolar  stroma,  occurs 
in  glands  like  the  kidney  and  mamma,  as  well  as  in  mucous  membrane. 
In  them  it  likewise  starts  in  overgrowth  and  multiplication  of  the 
glandular  epithelium.  The  difference  between  this  variety  and  the  last 
consists  simply  in  the  absence  of  tall  columnar  epithelial  cells  among  the 
other  constituents.  This  is  due  to  the  fact  that  the  epithelium  in  which 
the  growth  originates  is  spheroidal  rather  than  columnar. 


Fio.  66. — Glandular  Cancer  of  the  Uterus,     x  250.     (Hsematoxylin  staining.)    a,  stroma  ;  6,  cancerous  nests 

or  loculi ;  c,  isolated  cancei--cella. 


(3)  Simple  carcinoma  is  a  term  often  applied  to  a  variety  usually 
originating  in  glands,  and  forming  rather  firm  nodulated  tumors.  In 
section  these  have  generally  a  light  grayish  translucent  look.  The  stroma 
and  the  cell-nests  are  often  sharply  distinguished  from  each  other  by  the 
difference  of  their  color  ;  especially  when  the  cells  have  already  under- 
gone partial  fatty  change,  and  so  look  white  or  yellowish-white  and 
opaque.  By  scraping  the  section  we  can  often  obtain  a  fairly  abundant 
milky  juice.  The  tumor  has  a  somewhat  coarse  fibrous  framework  (Fig. 
67,  a),  containing  alveoli  of  various  sizes  and  shapes  filled  with  masses  of 
epithelial  cells.  It  particularly  affects  the  mamma,  and  occurs  also  in 
the  stomach,  pancreas,  and  kidneys. 
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(4)  Medullary  (or  encephaloid)  cancer.  When  the  cells  are  very 
abundant  and  the  stroma  delicate  and  scanty,  the  consistence  of  the  tu- 
mor may  become  remarkably  soft  and  semifluid.  Such  forms  occur 
chiefly  in  mucous  membrane,  but  also  in  the  ovary,  kidney,  testis,  etc. 
They  are  described  as  medullary  or  encephaloid  cancers.  They  resemble 
very  much  the  softer  adenomata  and  sarcomata.  An  abundant  milky 
cancer-juice  may  be  expressed  from  the  cut  surface  ;  it  contains  numerous 
cells  and  free  nuclei,  with  fatty  detritus  and  free  oil-globules. 

(5)  Scirrhus,  or  scirrhous  cancer.  In  this  the  cell-groups  are  small 
and  scanty  and  the  stroma  coarse  and  dense.  The  tumor  feels  firm  or 
even  hard,  and  looks  very  much  like  a  dense  fibroma. 


Via.  67.— Section  from  a  Simple  Carcinoma  of  the  Mamma,     x  9(10.    (Hfematoxylin  staining.)    a,  stroma ;  6, 
nests  or  loculi ;  c,  single  cancer-cells  ;  d,  blood-vessel ;  e,  fibrous  strom;i  Infiltrated  witli  small  cells. 

There  is  no  sharp  line  to  be  dravpn  between  scirrhus  and  simple  can- 
cer. Within  one  and  the  same  growth  we  may  find  a  part  having  the  text- 
ure of  scirrhus,  and  another  resembling  simple  cancer  (Fig.  68).  The 
question  is  merely  whether  the  stroma  or  the  cellular  elements  predomi- 
nate. The  characteristic  hardness  of  scirrhus  is  found  at  spots  where  the 
fibrous  stroma  is  not  so  much  alveolated  as  interspersed  with  small  fusi- 
form cell-nests  (Fig.  68,  g,  h). 

The  cancer-cells  often  perish  by  fatty  degeneration,  and  are  then  ab- 
sorbed. The  coarse  fibrous  stroma  is  left,  looking  like  a  deposit  of  firm 
scar-tissue.  Cancers  which  have  become  hard  and  fibrous  in  this  way  are 
found  not  only  in  the  mamma  but  also  in  the  stomach,  testis,  ovary,  and 
kidney. 

(6)  Colloid  (otherwise  gelatinous  or  alveolar)  cancer  occurs  as  a  def- 
inite tumor  or  a  diffuse  infiltration.  It  is  most  frequently  found  in  the 
alimentary  tract  and  in  the  mamma,  more  rarely  in  the  ovary  or  other  or- 
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gan.  It  is  characterized  by  the  translucency  of  its  substance.  The 
stroma  seems  to  contain  masses  of  jelly  rather  than  the  usual  more  or  less 
opaque  cell-nests.     The  transparent  glassy  look  may  be  apparent  even  on 


Fig.  68. — Simple  Cancer  of  the  Mamma  (Scirrhous  in  parts).  (Magnified  by  means  of  a  simple  lens; 
same  as  Fig.  64.)  a,  nipple  ;  6,  mammary  tissue  ;  c,  skin  ;  d,  galactophoroua  ducts  :  e,  cancer-tissue  replao 
ing  the  gland-tissue  ;  f,  fat-lobules,  normal  or  undergoing  cancerous  change  ;  g,  cancerous  skin ;  A,  cancer- 
ous infiltration  of  the  nipple  ;  i,  normal  acini ;  k,  infiltration  of  fibrous  tissue  with  round-cells. 

the  outside  of  the  tumor.  This  is  true,  for  instance,  in  the  case  of  col- 
loid cancer  of  the  mucous  membrane,  which  usually  forms  semitranspar- 
ent  papillary  or  fungous  excrescences.     In  the  mamma  the  colloid  char- 


FiG.  69. — Colloid  Cancer  of  the  Mamma,     x  250.    (Haematoxylin  staining.)    a,  stroma ;  6,  cancerous  cell- 
nests  ;  c,  empty  alveoli  ;  d,  cells  containing  globules  of  coUoid  substance. 

acter  becomes  apparent  only  on  cutting  through  the  tumor.  It  often 
happens  that  the  whole  tumor  is  not  alike,  some  parts  being  translucent, 
others  grayish  or  reddish  like  the  more  ordinary  forms. 
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The  colloid  or  gelatinous  texture  of  the  tumor  is  due  to  mucoid  or 
colloid  change  affecting  the  cancer-cells  (Fig.  69).  It  begins  with  the 
formation  of  clear  globules  in  their  interior  [d).  The  cells  then  perish, 
and  the  globules  coalesce  with  each  other  and  with  larger  gelatinous  lumps 
already  formed.  In  this  way  a  large  homogeneous  colloid  mass  is  ulti- 
mately built  up.  It  is  not  uncommon  for  all  the  cells  over  a  wide  area  to 
perish  in  this  manner,  so  that  the  stroma  is  the  only  formed  constituent 
remaining.  In  other  spots,  cell-groups  may  still  be  found  encircled  by 
colloid  masses  (Fig.  69,  b)  ;  in  others  again  there  is  no  colloid  substance 
at  all. 

(7)  Carcinoma  myxomatodes.  A  cancerous  tumor  may  likewise 
assume  a  gelatinous  texture  in  consequence  of  mucoid  change  affecting 
the  stromq,  (Fig.  70).     With  this  metaplasia  of  the  fibrous  tissue  there 


Fig.  70. — Carcinoma  Myxomatodes  of  the  Stomach,      x  250.    (Haematpxylin  staining.)    a,  canceroas  lo- 
culi ;  6,  fibrous  stroma  ;  c,  mucoid  stroma  ;  d,  mucoid  cancer-cells. 

may  also  be  associated  a  mucoid  degeneration  of  the  cancer-cells  (Fig. 
70,  d)  ;  and  this  may  increase  considerably  the  transparent  and  gelatinous 
appearance  of  the  growth.  The  connective  tissue-cells  of  the  stroma  may 
also  perish,  so  that  we  are  often  unable  to  find  any  traces  of  cell-structure 
over  wide  areas.  The  favorite  seats  of  this  variety  are  the  same  as  those 
of  colloid  cancer. 

(8)  Cylindroma  eareinomatodes  is  a  very  rare  variety  of  cancer, 
characterized  by  the  formation  of  homogeneous  spherules  within  the  cell- 
nests  (Fig.  71). 

These  spherules,  which  are  possibly  to  be  regarded  as  masses  of  col- 
loid substance,  press  asunder  the  other  cells  of  the  group  (Fig.  71,  b).  If 
a  considerable  number  of  spherules  form  within  the  same  loculus,  the  cells 
tnay  be  compressed  into  slender  trabeculas  (c),  and  so  come  to  form  a 
kind  of  anastomosing  network.  This  variety  has  been  described  as  a 
cylindroma  (Ziegler  has  only  once  met  with  it,  and  then  in  the  lachrymal 
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gland).     To  distinguish  it  from  the   sarcomatous  kind  (Art.  163).  it  has 
been  called  carcinomatodes. 

(9)  Giant-celled  (or  myeloid)  cancer  is  a  form  in  which  some  of  the 
cancer-cells  attain  an  inordinate  size.  All  parts  of  the  cell — protoplasm, 
nucleus,  and  nucleolar  corpuscles — contribute  to  this  enlargement.  They 
become  at  the  same  time  remarkably  transparent,  and  the  general  aspect 
is  much  as  if  the  cell  had  imbibed  a  great  quantity  of  water,  and  had  in 
consequence  swollen  out  enormously. 


Fig.  71. — Section  from  a  Cylindroma  Carcinomatodes.  x  150.  (Carmine  staining.)  a,  unaltered  locu- 
lus  or  cell-nest ;  b,  cell-nests  with  a  few  hyaline  spherules ;  c,  cell-nests  reduced  to  a  honeycombed  reticulum 
by  the  formation  of  numerous  hyaline  spherules. 

(10)  JVEelanoeareinoma  is  a  sufficiently  distinct  variety  to  deserve 
mention.  It  gives  rise  to  gray,  brown,  or  black  tumors.  The  pigment 
is  contained  partly  in  the  cancer-cells,  partly  in  the  stroma.  It  is  seldom 
met  with  ;  being  much  rarer  than  melanotic  sarcoma. 

[References: — Waldeyer,  "Virch.  Arch.,"  vol.  Iv.  ;  Rindfleisch, 
"Path.  Histology,"  vol.  i.  ;  Liicke,  Art.  "  Geschwillste  "  in  "Hand.  d. 
Chirurgie  v.  Pitha  u.  Billroth,"  ii.  ;  Perls,  "  Allg.  Path.,"  1877  ;  Paget, 
"  Surg.  Path.,"  Lectures  30  to  35  ;  Lebert,  "  Des  maladies  cancereuses," 
Paris,  1851.] 

174.  The  extension  of  a  cancerous  groTvth  is  not  at  an  end  when 
the  organ  originally  attacked  is  infiltrated  throughout.  Cancer  pays 
small  heed  to  the  boundaries  between  the  various  tissues.  Sooner  or 
later  (latest  of  all  in  encapsuled  organs  like  the  kidney),  the  cancerous 
process  invades  the  neighboring  tissues.  Some  of  these,  chiefly  the  spe- 
cific tissues  like  glandular  epithelium,  muscle,  bone,  etc.,  disappear  before 
the  advancing  growth.  Fibrous  tissue,  on  the  other  hand,  is  usually  ex- 
cited to  proliferation,' and  new  tissue  and  blood-vessels  may  thus  be 
formed  and  converted  into  cancer  stroma.  Now  and  then  other  prolifer- 
ations are  set  up  in  the  neighborhood  of  the  tumor,  and  in  this  way,  for 
example,  new  bony  growths  may  be  formed. 
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In  addition  to  this  peculiar  power  of  invasion,  cancer  Ijas  also  in 
a  liigh  degree  the  power  of  originating  metastases  or  secondary 
grOAVths.  The  germs  which  give  rise  to  these  metastases  are  the  can- 
cerous epithelial  cells,  which  are  carried  off  to  remote  places  by  tlie  blood 
or  lymph.  The  first  development  of  the  secondary  nodules  starts  in  these, 
when  they  have  found  a  suitable  nidus.  An  epithelial  germ  may  reach 
the  liver,  for  instance,  and, become  wedged  in  one  of  the  terminal  radicles 
of  the  vena  porta3.  If  it  finds  adequate  nutriment  there,  it  begins  to 
grow.  It  subdivides  and  multiplies,  and  thus  a  cell-nest  is  presently 
formed  (Fig.  72)  which  distends  the  capillary  vessel,  and  by  compression 
causes  the  liver-cells  to  dwindle  and  atrophy.  By  the  aid  of  the  fibrous 
elements  of  the  vessels,  which  proceed  to  multiply,  and  so  furnish  a 
fibrous   stroma  and  accessory  vessels,  a  secondary    nodule   is  at  length 


Fig.  72.  Fig.  73. 

Fig.  72. — Section  passing  through  a  Cancerous  Embolus  of  a  Hepatic  Capillary,  x  300.  (From  a  case 
of  primary  adenocarcinoma  of  the  stomach  ;  haematoxylin  staining.)  The  cancer  germs  have  just  begun  to 
develop  into  a  secondary  nodule. 

Fig.  73. — Metastatic  Development  of  Cancer  in  a  Hepatic  Capillary,  x  250.  (The  primary  focus  was 
in  the  pancreas ;  fibrous  tissue  as  well  as  cell-nests  have  been  formed  within  the  capiUary.). 

evolved,  whose  structure  resembles  in  all  points  the  structure  of  the 
parent  nodule.  The  hepatic  lobules  are  either  pushed  aside  and  com- 
pressed, or  they  are  interpenetrated  by  strings  of  cancer-cells  starting 
from  the  nodule.  This  is  the  result  of  the  mode  of  growth  of  the  nodule. 
It  grows  chiefly  at  its  periphery,  and  extends  along  the  open  capillary 
channels  (Fig,  73).  In  this  way  the  capillaries  themselves  are  one  after 
another  replaced  by  cancer-tissue.  As  this  latter  extends,  the  liver-cells 
gradually  disappear. 

The  epithelial  elements  of  the  secondary  nodules  are  to  be  regarded 
as,  without  exception,  the  progeny  of  the  original  cancer-cells  trans- 
planted from  the  parent  growth.  The  fibrous  tissue  in  which  they  are 
erabedded  is  furnished  by  the  connective-tissue  elements  of  the  blood- 
vessels. 
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[The  origin  of  the  cancer-cells  in  secondary  nodules  has  been  the  sub- 
ject of  as  much  discussion  as  the  genesis  of  the  primary  growth.  Even 
now  a  certain  amount  of  disagreement  exists  on  the  question.  Rind- 
fleisch,  Klebs,  Gussenbauer,  Weil,  and  others,  maintain  that  the  connec- 
tive-tissue cells,  and  especially  the  endothelia  of  the  blood-vessels  and 
lymphatics,  take  an  active  share  in  forming  the  cancer-cells  of  the  me- 
tastatic growths.  Gussenbauer  ("  Langenbeck's  Arch.  f.  Chir.,"  xiv.) 
and  Weil  ("  Wien.  med.  Jahrb.,"  1873)  go  so  far  as  to  say  that  even 
striated  and  non-striated  muscle-fibres  may  be  stirred  up  (in  a  manner 
infected)  so  as  to  produce  cancer-cells.  Simon,  Creighton,  Moxon,  and 
others  in  this  country,  have  put  forward  like  theories  ;  they  are  accus- 
tomed to  speak  of  a  "  spermatic  "  influence  exerted  by  the  transported 
germs  upon  the  tissue-elements  of  their  new  seat  ("  Trans.  Path.  Soc," 
1874). 

Ziegler  is  unable  to  find  any  satisfactory  evidence  for  such  a  view. 
He  made  numerous  investigations  bearing  on  the  question,  and  under 
his  guidance  Fronista  examined  a  multitude  of  secondary  growths  in 
various  organs  ;  but  no  certain  grounds  for  the  theory  were  ever  dis- 
covered. Active  changes  in  the  fixed  cells  were  often  very  beautifully 
shown  ;  but  wherever  it  was  possible  to  trace  the  fate  of  these  cells  it 
was  found  that  they  merely  went  to  form  the  type  of  tissue  which  they 
would  reproduce  in  normal  circumstances.  The  osteoblasts  of  the  peri- 
osteum and  marrow  form  bone  or  fibrous  tissue  ;  endothelial  cells  like- 
wise produce  only  connective  tissue.  It  is  not,  however,  to  be  inferred 
that  these  investigations  absolutely  and  certainly  exclude  the  possibility 
of  a  cancerous  transformation  of  the  products  of  connective-tissue  pro- 
liferation. When  a  tissue  has  undergone  extensive  proliferous  changes, 
nothing  certain  can  be  made  out  from  it  regarding  the  origin  or  the  fate 
of  individual  cells.  The  cancerous  embolus  acts  like  a  foreign  body. 
Round  it  are  set  up  inflammatory  infiltration  of  leucocytes  on  the  one 
hand,  and  multiplication  of  the  fixed  cells  on  the  other.  Both  processes 
result  in  fibrous  hyperplasia,  which  in  many  cases  goes  to  form  a  new 
stroma  for  the  growing  nodule.  The  same  processes  are  thus  repeated 
here  as  occur  in  the  fibrous  structures  of  the  primary  focus.  It  is  there- 
fore well  to  hold  by  the  doctrine  of  Remak  and  Goodsir — at  least  until 
it  is  certainly  disproved — that  as  the  descendants  of  the  different  em- 
bryonic layers  are  never  transformed  into  each  other  in  normal  circum- 
stances, so  also  under  pathological  conditions  no  such  metaplasia  can 
occur.  Even  the  transformation  of  one  epithelial  formation  into  another 
suggested  by  some  (Rindfleisch,  "  Path.  Histology,"  Art.  531  ;  Perls, 
"  Virch.  Arch.,"  vol.  Ivi.,  etc.)  has  not  been  established.  When  carcino- 
mata  of  the  liver  are  examined  the  liver-cells  are  seen  to  dwindle  and 
perish,  but  not  to  change  to  cancer-cells.  Even  in  cases  where  mammary 
cancer  penetrates  the  corium  and  reaches  the  epithelial  layers  of  the 
skin,  it  is  always  possible  to  distinguish  clearly  between  the  cancer-cells 
and  the  true  cutaneous  epithelium.] 
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175.  Carcinoma  is  very  prone  to  undergo  retrogressive  change.  In 
"the  juice  scraped  from  the  cut  surface  of  a  cancer  we  may  nearly  always 
find  cells  which  are  fatty  or  disintegrating.  This  is  especially  the  case 
in  soft  quickly  growing  tumors.  If  the  fatty  change  is  extensive  the  af- 
fected spots  look  white  and  opaque,  and  by  and  by  break  down  into  a 
creamy  pulp.  The  disintegrated  cells  may  also  become  condensed  into 
cheesy  masses.  More  commonly,  hojwever,  we  find  that  a  part  of  the 
cells  become  absorbed.  In  tumors  lying  beneath  the  surface  of  an  organ 
or  raised  above  its  general  level,  a  central  depression  or  dimple  may  thus 
be  formed.  The  tumor  is  then  said  to  be  umbilicated.  In  cancers  with 
a  dense  stroma,  in  which  the  disappearance  of  the  cells  is  accompanied 
by  hyperplasia  of  the  fibrous  elements,  we  may  find  the  original  growth 
replaced  by  a  dense  coarse  deposit  of  fibrous  tissue  containing  few,  if 
any,  cancerous  cell-nests.  This  transformation  is  specially  frequent  in 
the  case  of  mammary  and  gastric  scirrhus. 

Mucoid  degeneration  has  already  been  discussed  (Art.  173),  Amy- 
loid degeneration  of  the  stroma  has  frequently  been  observed. 

The  necrotic  disintegration  of  cancerous  growths,  and  the  consequent 
formation  of  cancerous  ulcers,  deserve  special  mention.  Tumors  of 
great  size  may  in  this  way  be  wholly  destroyed.  In  intestinal  cancer, 
for  example,  it  is  no  rare  thing  to  find  after  a  certain  time  nothing  but 
an  ulceration,  replacing  the  original  tumor,  and  bearing  hardly  any  re- 
semblance to  it.  If  the  ulcerative  process  is  not  far  advanced,  the  re- 
mains of  the  tumor  may  be  recognized  as  nodules  or  papillary  excres- 
cences rising  from  the  base  or  border  of  the  ulcer.  In  later  stages  the 
base  may  be  smooth  and  clean,  consisting  simply  of  firm  fibrous  tissue  ; 
while  the  edges  rise  like  ramparts,  or  are  beset  with  papillary  or  nodular 
growths.  Now  and  then  these  may  disappear  in  like  manner,  and  the 
ulcer  appears  as  a  non-cancerous  sore  with  an  indurated  base.  Even  on 
section  it  may  not  always  be  possible  with  the  unaided  eye  to  decide 
whether  the  tissue  still  contains  cell-nests  or  not.  We  must  in  such 
cases  have  recourse  to  the  microscope. 

Cutaneous  or  epitheliomatous  cancers,  like  those  of  mucous  mem- 
brane, may  also  ulcerate  ;  and  so,  too,  may  cancers  of  the  mamma  or 
other  subcutaneous  glands.  The  surface  of  these  breaks  down,  and 
great  putrid  or  fetid  ulcers  are  the  result. 

The  seat  of  an  ulcer  is  always  the  seat  of  a  more  or  less  intense  in- 
flammatory infiltration.  Sometimes  this  results  in  vigorous  granulative 
proliferation,  the  granulations  rising  above  the  surface  as  fungous  ex- 
crescences. They  are  distinguished  from  ordinary  granulations  by  the 
cell-nests  they  contain.  From  this  granulation-tissue  ordinary  cicatricial 
tissue  may  be  elaborated.  A  sort  of  local  healing  and  recovery  may  thus 
result — from  the  destruction  of  the  tumor,  and  the  formation  of  granula- 
tive and  cicatricial  tissue.  The  growth  may  seem  to  have  altogether 
disappeared.  But  this  healing  is  only  local  and  relative,  and  it  does  not 
last.     Microscopic  examination  shows  that  the  cancerous  invasion  of  the 
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deeper  structures  still  persists.  The  formation  of  secondary  growths, 
even  after  the  surface  ulceration  is  scarred  over,  testifies  to  the  fact  that 
the  malignancy  of  the  process  is  not  removed  with  the  removal  of  the 
primary  growth. 

176.  Adenoma  and  carcinoma  may  be  combined  with  other  neoplastic 
formations  ;  that  is  to  say,  the  stroma  may  be  composed  of  other  than 
fibrous  tissue.  In  the  first  place,  it  must  be  remembered — that  as  cancer 
invades  successive  tissues,  the  most  various  structures  may  in  turn  be 
utilized  to  form  its  stroma.  Thus  when  a  uterine  cancer  reaches  the 
muscular  coats  of  the  organ,  we  find  that  the  stroma  of  the  tumor  con- 
tains smooth  muscular  fibres.  When  secondary  nodules  form  in  the 
liver,  we  often  see  liver-cells,  atrophied  no  doubt  but  still  recognizable, 
in  the  trabeculse  of  the  stroma.  The  new-formed  tissues  which  actually 
originate  in  the  stroma  are  to  be  distinguished  from  such  pre-existing 
formations.  In  the  former  case  we  may  find  that  not  only  fibrous  tissue 
but  even  cartilage  or  sarcomatous  tissue  has  been  developed.  Such  neo- 
plasms are  described  as  complex  or  mixed  tumors.  They  are  most 
common  in  the  testis  and  parotid  gland.  They  resemble  the  simple  car- 
cinomata  in  their  general  relations. 


CHAPTER    XXYIII. 

ETIOLOGY  OF  TUMOES. 

177.  Our  knowledge  of  the  etiology  of  tumors  is  still  very  defective. 
"What  we  have  to  say  on  the  subject  is,  generally  speaking,  largely  hypo- 
thetical. 

We  might  at  first  be  inclined  to  regard  a  tumor  as  the   result  of  a 
local  overgrowth  of  tissue,  and  to  look  for  the  conditions  of  its  develop- 
ment among  those  which  determine  ordinary  hyperplasia.     But  facts  soon 
appear  which  tend  to  show  that  the  processes  are  not  parallel.     There  is, 
j    first,  the  histological  diversity  of  the  tumor  (Art.  136)  from  the  matrix  in 
which  it  grows.     Secondly,  there  is  the  associated  impairment  or  extinc- 
'    tion  of  the  physiological  function  of  the  matrix-tissue.      These  facts  do 
not  suggest  a  mere  over-active  growth  iii  situ.      The  anatomical  facts  are 
thus  against  our  regarding  tumors  as  localized  hyperplasias.      It  follows 
,    that  we  cannot  expect  to  discover   the  efficient  causes  of  tumor-growth 
f   among  the  factors  which  give  rise  to  such  hyperplasias. 

Nor  can  we  fairly  compare  the   tumors  with   the  inflammatory  new- 
formations.     Tumors  may  indeed  contain  foci  which  are  infiltrated  with 
leucocytes.     But  these  are  of  secondary  significance.     The  entire  process 
'   of  neoplastic  histogenesis  shows  that  it  is  something  quite  different  from 
the  formative  processes  which  originate  in   inflammation.     We   thus   ex- 
1   elude  at  once  the  possibility  of  attributing  the  growth  of  a  tumor   to   a 
I  traumatic  lesion,  at  least  in  any  immediate  or  direct  way.     Clinical  ex- 
I  perience  bears  this  out  ;  for,  if  now  and  then  we  have  tumors  developed 
in  a  substratum  of  tissue  which  has  been   injured  and  has  undergone  in- 
flammatory change,  it   is  on  the  whole  a  rare  occurrence,  and  does  not 
prove  that  such  injury  would  of  itself  suffice  to  set  up  tumor-formation 
in  previously  healthy  tissue. 

This  being  the  case,  we  are  perforce  constrained  to  admit  that  other 
factors  must  be  sought,  if  we  are  to  explain  the  genesis  of  tumors. 

If  we  did  not  know  that  tumors  may  develop  at  the  most  various 
periods  of  life — nay,  that  many  forms  are  wont  to  appear  only  in  ad- 
vanced age,  it  might  perhaps  suggest  itself  to  look  for  their  etiological 
factors  in  the  embryo — to  regard  them,  in  fact,  as  local  malformations. 
But  the  peculiar  modes  of  occurrence  referred  to,  and  the  observation 
that  tumors  originate  in  tissues  which  before  looked  perfectly  normal, 
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would  scarcely  make  us  regard  such  an  embryonic  theory  as  very  proba- 
ble beforehand. 

Cohnheim  has  very  recently  propounded  an  embryonic  hypothesis 
of  another  kind.  We  are  not  to  refer  the  actual  development  of  the 
tumor  itself  to  the  embryonic  period,  but  are  to  attribute  its  appearance 
in  later  life  to  the  persistence  of  germinal  embryonic  tissues  in  the  other- 
wise mature  organism  (Cohnheim,  "  Allg.  Path.,"  i.).  A  tumor  takes  its 
rise  in  what  we  might  call  a  belated  rudiment — a  focus  of  formative  em- 
bryonic tissue,  which  has  not  been  utilized  in  elaborating  the  normal  tis- 
sue of  the  part — and  so  has  lingered  on  unchanged.  Cohnheim  therefore 
defines  a  tumor  as — an  atypical  new-formation  starting  in  a  latent  embry- 
onic rudiment.  The  tumor-germs,  consisting  as  they  do  of  embryonic 
cells,  may  be  very  small  and  so  elude  observation.  It  is  even  conceiva- 
ble, he  thinks,  that  the  germinal  cells  may  be  quite  unrecognizable  among 
the  ordinary  physiological  elements  of  the  part.  They  may  linger  on  for 
a  long  time  inactive.  It  is  only  when  they  are  favored  by  the  external 
conditions — such  as  the  supply  of  nutriment,  and  their  relation  to  the 
surrounding  tissues — that  they  begin  to  multiply  and  to  form  a  tumor. 
In  this  way  it  becomes  possible  that  a  traumatic  lesion  may  set  up  the 
active  change.  In  most  cases,  however,  the  awakening  impulse  is  beyond 
our  power  to  discover. 

We  cannot  deny  that  Cohnheim's  hypothesis  would  explain  satisfac- 
torily many  of  the  peculiarities  of  tumors.  Those  growths,  for  example, 
whose  structure  reminds  us  so  strongly  of  earlier  developmental  stages  of 
particular  tissues,  would  be  acquitted  of  their  (at  present)  unaccountable 
heterology.  It  also  tells  in  favor  of  the  theory — that  a  class  of  tumors 
does  actually  exist,  of  which  we  can  say  with  certainty  that  they  date 
their  origin  from  the  embryonic  stage.  At  the  same  time  we  may  well 
question  whether  our  knowledge  of  the  subject  justifies  us  in  attributing 
an  embryonic  origin  to  all  tumors,  or  whether  we  should  accept  the  theory 
only  with  considerable  limitations. 

[Cohnheim  bases  his  view  mainly  on  the  arguments — that  many  tu- 
mors have  been  shown  to  be  hereditary  ;  that  many  exist  at  birth,  or  at 
least  develop  in  infancy  ;  that  they  show  a  preference  for  sites  where  in 
earlier  developmental  stages  some  complication  of  structure  occurred,  e.g., 
for  the  places  where  diverse  epithelial  formations  pass  one  into  the  other 
(lips,  anus,  stomach,  cervix  uteri),  or  for  parts  where  the  entire  process 
of  development  is  highly  complex  (genital  apparatus).  Finally,  he  holds 
that  the  atypical  structure  of  tumors  generally  is  in  favor  of  his  account 
of  them. 

It  must  be  granted  that  these  arguments  speak  strongly  for  the  hypo- 
thesis. They  at  least  make  it  highly  probable  for  certain  classes  of  tu- 
mors.    But  they  do  not  suffice  to  prove  its  applicability  to  all. 

The  view  that  tumors  arise  in  consequence  of  injury,  especially  of 
frequently  repeated  irritation,  is  very  widely  accepted  (Virchow  "Die 
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krankhaften  Geschwiilste  ;"  Kronlein,  "Lang.  Arch.  f.  klin.  Chir,,"  xxi.; 
Kocher,  Art.  "  Krankheiten  des  Hodens,"  "  Handb.  d.  spec.  Chir.  v.  Pitha 
u.  Billroth  ;"  Bogehold,  "  Virch.  Arch.,"  vol.  Ixxxviii.).  Cohnheim  has 
justly  objected  to  this  view — that  the  number  of  cases  of  tumors  in  w^hich 
antecedent  injury  has  been  demonstrated  does  not  reach  more  than  four- 
teen per  cent,  of  the  whole  number,  and  is  by  some  given  as  seven  per 
cent.  (Boll  "  Das  Princip  des  Wachsthums,"  Berlin,  1876  ;  S.  Wolff, 
"  Zur  Entstehung  von  Geschwulsten  nach  traum.  Einwirk.,"  In.  Diss., 
Berlin,  1874  ;  Von  Winiwarter,  "  Beitrage  z.  Statistik  d.  Carcinome," 
Stuttgart,  1878).  From  this  we  may  infer  that  an  injury  may  perhaps 
give  rise  to  a  tumor  ;  but  that  neither  injury  nor  inflammation  is  at  all  a 
necessary  antecedent.] 

178.  We  are  acquainted  with  a  considerable  number  of  forms  of  con- 
genital tumor  whose  origin  can  be  referred  with  more  or  less  certainty 
to  the  embryonic  period.  Of  these  it  is,  however,  to  be  remarked — that 
their  structure  and  composition  are  only  in  part  analogous  to  those  of 
the  post-embryonic  growths  hitherto  discussed.  Many  of  them  possess  a 
structure  entirely  peculiar  to  themselves,  so  that  they  cannot  be  classed 
with  any  of  the  preceding  tumors.  They  are  therefore  regarded  by  all 
authorities  as  special  and  peculiar  formations,  and  are  distinguished  as 
teratomata. 

Teratomata,  or  teratoid  tumors  (Art.  13),  are  congenital  growths, 
which  are  remarkable  for  the  heterogeneity  of  their  constituent  elements. 
They  may  be  large  even  at  birth,  or  they  may  grow  from  small  begin- 
nings to  a  large  size  after  birth.  They  may  contain  fibrous  tissue,  carti- 
lage, bone,  muscle,  skin,  hair,  nerves,  gland-tissue,  and  simple  cellular  or 
embryonic  tissue.  At  times  they  may  have  the  look  of  complex  histioid 
tumors  ;  but  the  combinations  they  present  are  usually  much  more  vari- 
ous and  heterogeneous  than  in  any  ordinary  histioid  growth.  We  even 
meet  in  them  with  structures  which  recall  the  appearance  of  some  normal 
organ — the  differences  lying  chiefly  in  the  rudimentary  nature  of  the  out- 
ward shape  or  configuration,  and  the  abnormal  site.  Sometimes  the  vari- 
ous tissues  are  grouped  into  something  like  orderly  disposition,  giving  one 
the  impression  of  a  more  or  less  organized  foetus. 

Teratomata,  when  externally  visible,  are  usually  placed  at  parts  of  the 
trunk  corresponding  to  those  at  which  double  monstrosities  cohere.  These 
are  chiefly  the  lower  end  of  the  spine,  the  head,  and  the  neck.  Internal 
teratomata  are  usually  connected  with  the  genital  apparatus. 

Such  teratomata  are  some  of  them  true  double  monstrosities.  One 
foetus  has  been  surrounded  and  enclosed  b}'  another,  and  so  has  become 
stunted  and  ill-developed  (Art.  13).  The  remainder  are  due  to  some  mis- 
development  of  the  tissues  within  a  single  foetus. 

Dermoid  cysts  form  a  special  class  of  teratomata.  They  are  cysts 
whose  inner  surface  has  the  same  structure  as  the  normal  skin  ;  but  they 
occur  in  places  where  no  skin  is  ever  found  normally.     Their  commonest 
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seat  is  in  the  generative  organs,  especially  in  the  ovary.  More  rarely 
they  are  found  in  other  parts,  such  as  the  peritoneum,  neck,  and  around 
the  orbit.  The  smallest  examples  form  little  cysts  which,  as  in  the  ovary, 
are  distinguishable  from  their  contents.  The  contents  are  usually  greasy, 
semi-solid,  yellowish-white,  and  interspersed  with  hairs.  The  wall  is 
thicker,  firmer,  and  whiter,  than  that  of  the  Graafian  follicles.  Under 
the  microscope  it  is  seen  to  be  composed  of  a  corium  and  epidermis  ;  it 
may  even  contain  hair-follicles  and  sebaceous  glands,  or  more  rarely, 
sweat-glands.  Now  and  then  an  adipose  layer,  like  the  subcutaneous 
fat,  is  found  beneath  the  corium.  In  rare  cases,  flat  or  irregular  frag- 
ments of  bone  or  cartilage,  and  even  teeth,  are  found  beneath  the  cuta- 
neous layer.  The  teeth  may  also  be  found  free  within  the  cyst.  Very 
rarely  the  cyst-wall  contains  muscular  or  nervous  tissue.  The  larger 
dermoids,  i.e.,  those  reaching  from  the  size  of  a  walnut  to  that  of  the  fist, 
are  sharply  marked  off  from  the  surrounding  tissues  by  a  fibrous  capsule. 
They  enclose  large  quantities  of  oily  or  greasy  detritus,  interspersed  with 
fair  or  reddish  hairs. 

Dermoids  are  found  in  young  individuals  as  well  as  old.  Some  are 
found  even  in  the  new-born.  They  grow  very  slowly.  Judging  by  the 
special  character  of  their  lining  membrane,  these  formations  would  seem 
to  be  derived  from  the  same  rudimentary  elements  as  the  external  skin. 
They  are  probably  due  to  aberrant  germinal  cutaneous  cells  from  the  epi- 
blast,  which  have  somehow  wandered  to  an  abnormal  site,  and  there  have 
at  a  later  stage  begun  to  develop  after  their  kind. 

[References  on  the  subject  of  teratomata  and  dermoid  cysts  : — Art. 
13  ;  Kohlrausch,  "  Miiller's  Arch.,"  1843  ;  Lebert,  "  Gaz.  med.  de  Paris," 
1852  ;  Remak,  "  Deutsche  Klinik,"  16,  1856  ;  Heschl,  "  Prager  Vier- 
telj.,"  1860  ;  Lucke,  "  Handb.  d.  Chir.  v.  Pitha  u.  Billroth,"  ii.;  Haffter, 
"Arch.  d.  Heilk.,"  xvi.,  1875  ;  Panum,  "  Virch.  Arch.,"  vol.  Ixxii.;  Klebs, 
"  Handb.  d.  path.  Anat.;"  Danzel  and  Martini,  "  Arch.  f.  klin.  Chir.," 
xvii.;  Waldeyer,  "Arch.  f.  Gynak.,"  i.;  Wilson  Fox,  Journal  of  Anat- 
omy, 1865;  Gordon,  "  Med.-Chir.  Trans.,"  xiii.;  Paget,  "Surg.  Path.," 
Lecture  23.] 

179.  Besides  the  teratomata  there  are  other  tumors  more  nearly 
allied  in  structure  to  the  ordinary  forms,  which  are  either  congenital  or 
appear  so  soon  after  birth  that  their  origin  may,  with  more  or  less  cer- 
tainty, be  referred  to  the  embryonic  period.  The  best-known  examples 
are  the  congenital  angiomata  and  pigment-spots  (beauty-spots, 
moles)  in  the  skin.  The  former  have  already  been  discussed  (Arts.  148- 
150).  Of  the  latter  we  have  merely  to  say,  that  they  appear  as  brown  or 
black  slightly  raised  patches  in  the  skin,  and  are  composed  of  tissue  ex- 
actly resembling  alveolar  sarcoma  (Fig.  54)  covered  over  with  epidermis. 

We  may  likewise  mention  in  this  connection — certain  cutaneous  fibro- 
mata ;  enchondromata   of  the  skull,  spinal  column,  and  fingers  ;  myxo- 
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mata  of  the  jaws  ;  renal  adenomata  and  cancers  ;  and  cystic  adenomata 
seated  on  the  sacrum  and  communicating  with  the  central  canal  of  the 
spinal  cord. 

The  number  of  really  congenital  tumors  observed  is  by  no  means 
great.  Cases  of  tumors  appearing  in  the  earlier  years  of  infancy  and 
referable  to  embryonic  conditions  are  more  numerous.  Of  this  kind  ar© 
the  sarcomata  of  infancy  ;  especially  the  form  of  myosarcoma  of  the  kid- 
ney referred  to  in  Art.  153.  It  is  not  impossible  that  some  of  the  ova- 
rian adenomata  may  date  back  to  the  embryonic  period.  If  we  consider 
carefully  the  scanty  details  we  possess  of  congenital  tumors,  taken  in 
conjunction  with  the  familiar  facts  of  post-embryonic  tumor-formation, 
we  must  admit  that  the  support  which  Cohnheim's  theory  derives  from 
this  side  of  the  subject  is  not  very  great. 

It  must  not,  however,  be  forgotten  that  this  theory  requires  the  exist- 
ence, not  of  congenital  tumors,  but  only  of  congenital  rudiments  of 
tumors.  As  to  these  latter  our  knowledge  is  unfortunately  very  small. 
It  is  almost  entirely  confined  to  the  pigmentary  and  vascular  nsevi  we 
have  mentioned.  They  may  be  regarded,  and  with  equal  justice,  either 
as  germinal  rudiments  of  tumors,  or  as  developed  growths.  The  former 
view  is  justified  by  the  fact  that  in  later  life  it  is  not  uncommon  for  these 
structures  to  develop  into  true  malignant  tumors. 

Tumor-germs  in  bone  were  discovered  some  years  ago  by  Virchow 
("Berlin,  acad.  Monatsbericht,"  1875).  He  showed  that  islands  of  car- 
tilage, which  remain  untransformed  in  the  general  ossifying  process,  may 
in  later  life  become  the  starting-points  for  the  formation  of  chbndromata. 

Nothing  certain  is  known  of  embryonic  epithelial  germs,  such  as  may 
subsequently  develop  into  tumors.  Their  existence  may  be  surmised  in 
the  case  of  early  epithelial  tumors  of  the  ovary,  kidney,  or  intestine  ;  but 
it  has  not  been  demonstrated.  The  frequently  observed  accessory  glands 
occurring  in  connection  with  the  pancreas,  mamma,  thyroid,  etc.,  are  not 
to  be  regarded  as  mere  germinal  rudiments,  inasmuch  as  they  contain 
fully  developed  gland-tissue. 

From  what  we  have  said,  then,  it  will  be  seen  that  the  histological 
evidence  for  the  existence  of  embryonic  germinal  tissue  in  the  fully  de- 
veloped organism  is  very  slender. 

[Ziegler  describes  a  tumor  of  some  interest  which  he  found  in  the 
small  intestine,  seated  in  the  siibmucosa  /  it  was  as  large  as  a  pea,  and 
was  made  up  of  minute  cysts.  It  should  probably  be  regarded  as  a  local 
misformation,  rather  than  a  deposit  of  germinal  tissue.  Its  cysts  con- 
tained papillary  excrescences  covered  with  columnar  epithelium  ;  and  small 
gland-tubules  were  found  in  the  cyst-walls.  It  is  conceivable  that,  from 
a  misformation  of  this  kind,  a  true  tumor  might  at  some  time  or  other 
begin  to  develop. 

References  on  congenital  tumors:  —  Virchow,  "Die  krankheit.  Ge- 
schwtilste  ; "  Duzan,  "  Du  cancer  chez  les  enfants,"  Paris,  1876  ;  Ahlfeld, 
17 
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*'  Arch.  f.  Gynak.,"  xvi.  ;  Rohrer,  "  Das  primare  Nierencarcinom/'  Zu- 
rich, 1874  ;  Maas,  "  Berl.  klin.  Woch.,"  xlvii.,  1880  ;  C.  Vogt,  "  Ueber 
angeb.  Lipome,"  In.  Diss,,  Berlin,  1876  ;  Chiari,  "  Jahrb.  d.  Kinderheilk.," 
xiv.  ;  Weigert,  "  Virch.  Arch.,"  vol.  Ixvii.  (renal  adenoma). 

Many  authorities  are  of  opinion  that  Cohnheim's  theory  is  strongly 
borne  out  by  the  experiments  of  Zahn  ("  Sur  le  sort  des  tissus  emplantes 
dans  I'organisme,"  International  Medical  Congress,  Geneva,  1873),  and 
Leopold  ("  Virch.  Arch.,"  vol.  Ixxxv.).  They  took  bits  of  cartilage  from 
a  living  foetal  rabbit,  and  transplanted  them  into  the  peritoneal  cavity 
and  anterior  chamber  of  the  eye  of  an  adult  rabbit.  The  cartilage  con- 
tinued to  grow,  while  pieces  of  cartilage  taken  from  animals  after  birth 
were  merely  absorbed.  This  scarcely  seems  sufficient  ground  for  Cohn- 
heim's generalization.  The  faculty  of  growing  after  transplantation  is  not 
manifested  by  all  foetal  tissues  ;  many  or  most  of  them  are  dissolved  and 
absorbed  by  the  disintegrating  action  of  the  fixed  and  migratory  cells  of 
the  new  matrix  (Leopold,  "Arch.  f.  Gynak.,"  xviii.).  These  experiments 
only  show  that  foetal  cartilage  has  the  power  of  persisting,  and  even  of 
growing  for  a  time,  in  spite  of  defective  nutrition,  and  the  absorbent 
action  of  the  cells  of  the  other  tissues.] 

180.  The  inadequacy  of  the  evidence  for  the  existence  of  germinal 
embryonic  rudiments  in  the  adult  tissues  makes  it  appear  a  somewhat 
bold  step  to  ascribe  an  embryonic  origin  to  all  tumors  whatsoever.  The 
observed  and  recorded  cases  do  not  justify  us  in  saying  more  than  that 
some  tumors  arise  in  rudimental  structures,  which  were  histologically  dis- 
tinguishable from  the  normal  tissues  before  the  tumor  began  to  grow. 
And  even  in  saying  so  much  we  must  not  interpret  the  term  embryonic 
too  literally.  Embryonic  formations  are  such  as  possess  a  structure  re- 
sembling that  of  undeveloped  tissue — an  indefinite  structure  preceding 
the  definitive  or  specialized  structure.  Tissues  that  are  merely  misde- 
veloped,  pieces  of  tissue  (such  as  epithelium  or  gland-tissue)  displaced 
from  their  proper  seat  and  transplanted  elsewhere,  as  in  the  case  of  ac- 
cessory glands  and  dermoid  cysts,  are  not  what  we  understand  by  embry- 
onic tissues. 

The  class  of  tumors  referable  to  embryonic  rudiments  will  be  some- 
what enlarged,  if  we  enlarge  the  signification  of  the  term  embryonic  so 
as  to  include  under  it  all  tissues  in  process  of  active  and  energetic 
growth. 

So  long  as  an  organ  continues  to  grow,  so  long  are  multitudes  of  new 
cells  formed  in  it.  These  formative  cells  may  be  called  embryonic,  inas- 
much as  they  continue  to  multiply  actively,  and  so  are  nearer  akin  to  the 
cells  of  the  embryo  than  to  those  of  mature  tissue.  In  this  way  osteo- 
blasts and  osteoclasts  and  the  proliferating  cartilage  of  growing  bone, 
the  cells  of  the  enlarging  uterus  in  pregnancy,  the  tissue  of  the  mamma 
preparing  for  lactation,  all  might  be  described  as  embryonic.  If  the  hy- 
pothesis be  thus  extended,  a  whole  series  of  tumors  will  certainly  be  com- 


I 


TUMORS.  259 

prehended  under  it.  When,  for  instance,  a  tumor  develops  in  the  mamma 
or  uterus  in  connection  with  parturition,  or  a  sarcoma  or  enchondroma 
forms  in  bone,  periosteum,  or  marrow  during  ossification,  it  is  not  diffi- 
cult to  believe  that  the  same  cells  which  are  building  up  the  normal  tis- 
sue may  also  give  rise  to  the  tumor. 

But  if  we  extend  the  meaning  of  the  term  embryonic  so  as  to  include 
all  this,  where  are  we  to  stop  ?  Growth,  i.e.,  restoration  and  replacement 
of  what  is  being  used  up,  continues  throughout  life.  Surface  epithelium 
is  cast  off  and  is  regenerated  ;  glandular  epithelium  is  used  up  and  re- 
placed ;  even  bone,  though  it  seems  so  stationary,  is  exposed  to  changes 
at  all  stages  of  life — it  is  being  resorbed  by  the  osteoclasts  and  built  up 
again  by  the  osteoblasts. 

If  all  post-embryonic  processes  of  growth  are  to  be  styled  embryonic, 
we  cannot  refuse  to  give  the  same  title  to  all  the  processes  of  new  cell- 
formation  that  occur  during  life.  If  this  be  granted,  embryonic  tissue 
becomes  exactly  the  same  as  that  which  Virchow  called  proliferous  tissue, 
i.e.,  tissue  capable  of  proliferation.  We  gain  nothing  by  the  mere  sub- 
stitution of  one  name  for  another  ;  in  the  present  case  we  lose  some- 
thing, for  we  are  no  longer  able  to  distinguish  in  expression  between 
embryonic  and  post-embryonic  formation.  For  this  reason  it  is  better  to 
confine  the  term  embryonic  to  tissues  which  actually  originate  in  the  em- 
bryonic period. 

[The  fact  that  we  really  know  nothing  of  the  persistence  of  true  em- 
bryonic tissue — or,  in  other  words,  that  it  has  not  been  histologically  de- 
monstrated— is  acknowledged  by  Cohnheim.  He  seeks  to  explain  the 
fact  by  supposing  that  the  embryonic  foci  are  very  small  and  hard  to 
distinguish  ;  or  even  that  the  germinal  cells  may  be  mingled  with  the 
normal  elements  and  so  not  distinguishable  at  all.  It  is  not  easy  to  im- 
agine how  embryonic  cellular  germs  can  possibly  remain  unchanged  in 
the  midst  of  mature  tissue.  Cohnheim  and  Mass  ("  Virch.  Arch.,"  vol. 
Ixx.)  have  shown  that  living  tissue,  such  as  periosteum,  when  introduced 
into  another  tissue  like  the  lung,  may  continue  to  grow  for  a  time  ;  but 
aftervpard  it  is  absorbed  and  destroyed  by  the  tissue  in  which  it  lies. 
An  embryonic  germ  seems  to  have  but  three  courses  open  to  it.  It  may 
remain  embryonic  ;  in  this  case  it  is  as  it  were  alien  to  the  tissue  in  which 
it  lies,  and  will  be  absorbed  like  an  organic  foreign  substance.  It  may 
assimilate  itself  physiologically  as  well  as  anatomically  with  the  surround- 
ing tissue,  taking  part  in  its  physiological  function  and  working  with  it  ; 
in  this  case  it  loses  its  embryonic  character.  Or  thirdly,  it  may  develop 
into  an  independent  formation,  interpolated  as  it  were  into  the  general 
system  ;  in  this  case  it  forms  what  we  call  a  congenital  tumor  (naevus, 
adenoma,  sarcoma). 

Hasse  has  attempted  to  give  Cohnheim's  hypothesis  a  morphological 
basis  ("  Die  Beziehungen  der  Morphologic  zur  Heilkunde,"  Leipzig, 
1880).     The  morphologist  distinguishes  two  kinds  of  substances  withia 
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the  organism  :  one  kind  undergoes  a  series  of  transformations,  the  other 
provides  for  the  formation  of  new  tissue.  The  latter  he  describes  as 
"  embryonic  substance."  It  is  represented  by  cells  which  have  undergone 
little  or  no  transformation,  and  are  the  more  apt  to  multiply  the  less 
their  original  character  and  structure  has  been  modified — the  nearer  they 
stand  to  the  formative  cells  of  the  embryo.  From  these  cells  only  can 
new  tissue  be  formed.  Tumors  are  especially  likely  to  be  developed  at 
spots  where  these  "  embryonic  cells "  are  abundant  and  unmodified. 
Hasse's  distinction  between  proliferous  and  non-proliferous  tissue-ele- 
ments is  perfectly  just  (Arts.  84-89)  ;  and  any  one  may  if  he  chooses 
call  the  former  embryonic  (as  do  French  writers  especially).  In  this  case, 
however,  the  antithesis,  on  which  Cohnheim  lays  so  much  stress,  between 
the  cells  of  the  embryo  and  the  proliferous  elements  of  the  organism  after 
birth,  simply  ceases  to  exist.] 

181.  It  is  plain,  from  the  above,  that  we  do  not  think  the  hypothesis 
tenable  which  refers  all  tumors  whatsoever  to  pre-existing  embryonic 
germs.  Anatomical  investigation  forces  us  rather  to  the  conclusion  that 
tumors  may  arise  in  tissues  that  are  in  very  different  states — embryonic, 
growing,  mature,  or  retrogressive. 

What  is  then  the  efficient  cause  of  the  formation  of  a  tumor  ?  It  is 
as  yet  impossible  to  give  any  precise  answer  to  this  question.  It  is 
highly  probable  that  the  causation  of  the  various  classes  of  tumors  is  not 
subject  to  one  law  only,  but  to  several. 

The  entire  behavior,  anatomical  and  biological,  of  tumors  justifies  us 
in  regarding  them  as  formations  more  or  less  emancipated  from  the 
matrix-tissue.  It  is  true  they  draw  their  nutriment  from  the  organism,, 
and  cannot  continue  to  grow  without  its  support.  In  other  respects, 
however,  they  behave  like  independent  growths  isolated  from  the  rest  of 
the  organism.  It  is  in  this  independence  or  quasi- isolation  that  the  eti- 
ological difficulty  really  lies.  How  does  the  neoplasm  thus  assume  prop- 
erties distinct  from  those  of  its  surroundings  ?  We  believe  that  the  phe- 
nomenon is  ultimately  due  to  some  change  affecting  individual  elements 
of  a  tissue,  whereby  they  are  rendered  dissimilar  to  their  neighbors. 
The  change  is  manifested  especially  in  this — that  the  normal  checks  to 
the  indefinite  growth  of  the  proliferous  cells  (Arts.  78-83)  are  inoperative 
or  inadequate  ;  either  because  the  formative  and  productive  energy  is  in- 
creased, or  because  the  restraining  influence  of  the  surrounding  structures 
is  diminished,  or  from  both  causes  together. 

In  the  case  of  tumors  appearing  in  the  organism  during  the  stage  of 
development,  it  is  most  natural  to  suppose  that  the  originating  cause  lies 
in  an  increased  local  growth  due  to  intrinsic  conditions  ;  or,  it  may  be, 
in  a  disturbance  and  diversion  of  the  developmental  process  from  its 
normal  course.  What  the  ultimate  factors  determining  these  deviations 
may  be  we  know  as  little  as  we  do  the  causes  of  gigantic  overgrowth  or 
local  dwarfing  of  a  limb  or  organ.     When  the  anatomical  and  physiologi- 
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cal  relations  of  the  affected  tissue  are  altered  to  a  certain  extent  by  this 
local  change,  it  would  seem  as  if  the  tissue  had  no  longer  the  power  to 
maintain  the  normal  direction  in  which  its  development  should  proceed. 
The  altered  relations  (such  as  misplacement,  etc.)  seem  to  involve  the 
withdrawal  of  the  limiting  and  directing  influence  exerted  on  the  grow- 
ing tissue  by  its  environing  structures.  The  result  is  the  development  of 
a  tissue  of  abnormal  type,  a  local  misformation  in  the  histological  as  well 
as  the  anatomical  sense.  The  tumors  whose  genesis  is  probably  of  this 
kind  are  chiefly  the  connective-tissue  growths  of  childhood.  Among  epi- 
thelial tumors  we  may  also  perhaps  include  the  few  observed  cases  of 
renal  and  intestinal  cancer,  and  of  ovarian  adenoma,  in  infants. 

It  is  thus  not  impossible  that  tumors  of  the  developmental  period  may 
arise  from  causes  similar  to  those  which  give  rise  to  local  malformations 
in  the  stricter  sense  of  the  term.  Arrest  of  the  process  by  which  osteo- 
blastic cells  are  transformed  into  bone  might  thus,  for  example,  give  rise 
to  an  abnormal  formation  of  tissue  such  as  cartilage,  in  other  words,  to 
enchondroma  ;  or,  by  encouraging  an  over-abundant  cellular  growth,  to 
sarcoma. 

Tumors  arising  in  a  mature  tissue  are  to  be  explained  only  by  suppos- 
ing some  antecedent  alteration  over  a  more  or  less  extensive  region  of  the 
tissue.  This  alteration  must  be  of  such  a  kind  as  to  favor  the  emancipa- 
tion of  the  subsequent  neoplasm  from  its  matrix-tissue,  without  at  the 
same  time  diminishing  the  neoplasm's  own  productive  power.  This  last, 
indeed,  must  rather  be  increased.  In  this  way  we  may  perhaps  explain 
the  operation  of  a  traumatic  lesion  in  inducing  the  growth  of  a  tumor. 
In  special  circumstances  it  is  conceivable  that  such  a  lesion  may  fulfil 
both  the  essential  conditions  we  have  named. 

In  the  case  of  the  connective-tissue  growths  of  later  life,  it  would 
seem  as  if  increased  cell-activity  were  always  a  necessary  condition  for 
their  development.  This  must  presumably  always  be  a  condition  of 
tumor-formation  in  tissues  whose  cells  are  replaced  but  slowly  or  not  at 
all.  The  primary  impulse  which  excites  the  cells  to  active  growth  may 
be  derived  from  some  change  either  in  the  cells  themselves,  or  in  the 
intercellular  basis-substance. 

With  regard  to  epithelial  tumors,  anatomical  investigation  shows 
that  increased  cell-production  is  not  an  indispensable  prerequisite.  In 
the  carcinomata  of  later  life,  for  instance,  it  would  appear  that  the  origin 
of  the  neoplastic  growth  is  to  be  looked  for,  not  so  much  in  any  in- 
creased activity  on  the  part  of  the  cells,  as  in  a  change  of  mutual 
relation  between  the  several  constituents  of  the  tissue.  Thiersch  has 
pointed  out — that  in  old  age  this  latter  effect  may  be  due  to  certain  re- 
trogressive changes  which  then  make  their  appearance.  In  the  corium, 
for  instance,  such  changes  lead  to  a  loosening  of  its  texture,  and  so 
modify  the  relations  of  the  epithelial  cells  to  the  fibrous  tissue.  This 
modification  may  make  itself  felt  in  one  of  two  directions.  In  the  first 
place,  the  epithelium,  always  in  process  of  decay  and  replacement,  may 
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in  the  course  of  its  physiological  growth  and  multiplication  penetrate  ta 
regions  which  are  normally  devoid  of  epithelium.  Loosening  and  dis- 
placement affecting  the  fibrous  basis  of  an  organ  may  give  rise  to  some- 
thing like  fissures  or  spaces  with  free  surfaces,  and  into  these  the 
contiguous  epithelium  may  readily  penetrate  and  grow.  The  first  sprout- 
ings  or  outgrowths  of  glandular  or  lining  epithelium  may  conceivably 
take  plac6  in  this  manner.  We  might  fairly  expect  that  the  fibrous 
structures  would,  as  it  were,  rise  up  against  the  intruder,  and  attempt  to 
eliminate  it  as  a  foreign  substance.  This  may  well  happen  in  many  cases, 
and  then  the  further  advance  of  the  process  will  be  checked.  In  other 
cases  it  does  not  happen,  probably  because  the  invaded  tissue  is  no 
longer  in  its  normal  or  healthy  state.  We  have,  indeed,  evidence  of 
vascular  alteration,  infiltration  of  leucocytes,  and  even  of  new-formation 
of  vessels  and  fibrous  tissue  ;  but  this,  the  normal  eliminating  process,  is 
feeble  and  sluggish,  and  is  inadequate  to  deal  with  the  intrusive  epithe- 
lium. The  vascular  changes  and  the  increased  afilux  of  nutriment  tend 
rather  to  react  favorably  upon  the  epithelium,  and  to  foster  its  reproduc- 
tion. It  becomes  gradually  more  and  more  active — and  so  the  foundation 
of  a  carcinoma  is  laid. 

It  seems  not  improbable  that  the  process  of  neoplastic  development 
does  in  fact  occasionally  pursue  this  general  course.  In  other  instances^ 
it  may  well  be  that  the  fibrous  basis-substance  has  a  certain  intrinsic 
predisposition  favoring  the  formation  of  cancer,  while  the  primary  im- 
pulse which  brings  this  into  play  is  afforded  only  by  some  increase  of 
formative  activity  on  the  part  of  the  epithelial  cells. 

[The  instructive  discussion  on  the  nature  of  cancer  reported  in  the 
"Trans.  Path.  Soc,"  1874,  should  be  consulted  in  this  connection.  For 
an  exposition  of  the  constitutional  theory,  which  makes  cancer  a  specific 
blood  disease,  see  Paget,  "  Surg.  Path.,"  Lectures  34,  35.  See  also 
Paget  and  Moore,  "  Holmes's  Syst.  of  Surg.,"  vol.  i. ;  Wilks,  *'  Guy's 
Hosp.  Rep.,"  1873.] 


SECTION  VII. 

PARASITES. 


CHAPTER  XXIX. 
GENEBAL  CONSIDERATIONS. 

183.  A  parasite  is  a  living  organism  inhabiting  another  living  or- 
ganism, and  deriving  its  nutriment  either  from  the  tissues  or  from  the 
food-supply  of  its  host.  The  parasites  inhabiting  man  are  some  of  them 
animal,  and  some  of  them  vegetable.  If  they  inhabit  the  superficial  parts 
of  the  skin  or  mucous  membrane  they  are  called  ectozoa  (or  epizoa),  if 
animal,  and  epiph3rtes,  if  vegetable  ;  if  they  inhabit  the  deeper  struct- 
ures they  are  entozoa  and  entophytes,  respectively.  The  parasitic 
animals  occurring  in  man  belong  to  the  classes  of  Arthropoda,  Scolecida 
(embracing  the  Platyelminthes  and  Nematoidea),  and  Protozoa.  The 
vegetable  parasites  are  all  of  them  Fungi,  and  belong  to  the  subdivisions 
Schizomycetes  (bacteria),  Blastomycetes  (yeasts),  and  Hyphomycetes 
[(moulds). 

The  various  parasites  are  of  very  various  Importance.  Many  of  them 
Iproduce  no  perceptible  injury  to  the  tissue  in  which  they  lie.  Others 
produce  very  serious  local  changes,  but  have  no  power  to  extend  their  in- 
fluence to  remote  tissues.  Others  invade  the  system,  so  to  speak,  and 
migrating  in  various  directions  produce  multiple  local  affections.  Many 
are  conveyed  throughout  the  body  by  the  blood  or  lymph,  in  which  case 
serious  general  affections  and  frequently  death  itself  are  the  result.  The 
great  majority  of  parasites,  and  especially  the  vegetable  parasites,  in- 
crease and  multiply  within  the  body,  often  to  an  enormous  extent. 
Others,  chiefly  the  animal  forms,  pass  only  a  part  of  their  existence 
fwithin  the  body.  The  local  changes  they  produce  are  generally  confined 
to  the  mechanical  compression  and  destruction  of  tissue,  and  to  the  set- 
ting up  of  inflammation.  They  affect  the  system  as  a  whole  by  abstract- 
ing nutriment  and  oxygen  from  it,  and  by  giving  rise  to  multitudes  of 
centres  of  disturbance  ;  while  many  of  them  generate  actual  poisons. 
P'he  Schizomycetes  or  Bacteria  play  the  most  important  part  of  all.  It  is 
they  of  all  the  parasites  that  have  most  power  of  exciting  general  or  sys- 
temic affections.  The  Blastomycetes  and  Hyphomycetes,  fungi  akin  to 
the  yeast-fungus  and  mould-fungus  respectively,  exert  a  merely  local  in- 
fluence. The  animal  parasites  become  dangerous  in  virtue  of  their  size  or 
imultitude;  or  by  penetrating  into  vital  organs. 
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[Parasitism  is  an  extremely  common  mode  of  life  throughout  the  or- 
ganized world.  Innumerable  plants  and  animals  are  parasitic  either  for  a 
season  or  for  the  whole  course  of  their  life.  Accordingly  there  are  few 
living  organisms  that  are  not  inhabited  by  parasites.  A  plant  or  animal 
which  merely  inhabits  the  body  of  an  organism  is  not  necessarily  a  para- 
site. The  term  is  only  applicable  to  organisms  nourished  at  the  expense 
of  their  host.] 


CHAPTER  XXX. 
THE   SCHIZOIVIYCETES  OR  BACTERIA. 

Morphology,    Development,  and  Classification. 

183.  The  Schizomycetes  or  Schistoinycetes,  frequently  included  under 
the  general  term  Bacteria,  belong  to  the  Protophytes — the  smallest  and 
simplest  of  all  plants.  Many  of  them  are  so  small  that  they  approach 
the  limit  of  visibility,  even  when  the  highest  powers  of  the  microscope 
are  used.  When  they  occur  in  animal  tissues  they  are  to  be  distinguished 
only  with  great  difficulty,  and  by  special  methods.  Special  reagents  or 
staining  processes  must  be  employed  ;  sometimes  certainty  is  only  reached 
by  experimental  cultivation  of  the  products  of  disintegration  of  the  tissue 
in  question.  That  they  do  occur  in  animal  tissues  is  now  established  be- 
yond all  doubt.  Their  growth  and  multiplication  have  been  experimen- 
tally demonstrated. 

The  Bacteria  are  all  of  them  unicellular  organisms  devoid  of  chloro- 
phyll ;  they  are  often,  however,  aggregated  into  larger  or  smaller  colonies. 
Cohn  has  classified  them  according  to  their  form  into  Spherobacteria 
(globular  cells),  Microbacteria  (minute  rod-like  cells.  Bacteria  proper), 
Desmobacteria  (larger  rod-like  or  filiform  cells,  Filobacteria),  and  Spi- 
robacteria  (twisted  or  spiral  cells).  Movements  are  noticed  in  the  three 
latter  forms  ;  their  protoplasm  is  therefore  contractile.  Neither  potash, 
ammonia,  nor  dilute  acids  destroy  them,  so  it  is  probable  that  they  pos- 
sess a  bounding  membrane.  Bacteria  grow  longitudinally  ;  new  cells 
are  formed  by  transverse  subdivision.  These  remain  in  connection  with 
each  other,  or  become  detached. 

Von  Nencki's  researches  ("  Journ.  f.  prakt.  Chem.,"  1879,  "  Beitrage 
zur  Biologic  der  Spaltpilze,"  1880)  go  to  show  that  the  Bacteria  are  com- 
posed of  a  peculiar  albuminoid  body  which  he  has  called  mycoprotein. 
They  contain  only  the  minutest  quantities  of  bodies  resembling  cellulose. 

[The  above  classification  of  the  Bacteria  is  taken  from  Cohn  ("  Bei- 
trage zur  Biologic  der  Pflanzen,"  vol.  i. ;  Quarterly  Journal  of  Microsco- 
pic  Science,  77,  79,  1873),  and  his  work  has  been  mainly  followed  in  the 
next  four  paragraphs.  He  makes  the  following  remarks  on  the  general 
question  of  classification  : — "  I  have  come  to  the  conclusion  that  the  Bac- 
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teria  are  as  capable  of  exact  specific  classification  as  other  plants.  They 
lie  at  the  limit  of  microscopic  visibility.  In  the  minuter  forms  it  is  there- 
fore impossible  to  make  out  either  structure  or  organization.  The  size 
and  shape  of  the  cells,  and  the  mode  in  which  they  are  combined  into 
colonies,  are  then  the  only  cUfferenticB  ;  of  these,  however,  it  is  not  always 
easy  to  say  whether  they  indicate  original  specific  distinctions,  or  whether 
they  depend  on  external  conditions  and  lie  within  the  limits  of  variability 
of  one  and  the  same  species.  Size  is  the  easiest  feature  on  which  dis- 
tinctions may  be  based,  though  even  this  is  by  no  means  easy  to  deter- 
mine in  the  minuter  forms.  Differences  in  the  mode  of  reproduction  are 
only  discoverable  in  the  higher  forms,  such  as  the  Bacilli.  The  genera  of 
Bacteria  have  not  the  same  significance  as  those  of  the  higher  plants. 
They  are  based  chiefly  on  the  characters  of  the  vegetative  cell-forms,  not 
on  the  reproductive  features.  Every  form  distinguished  by  prominent 
or  obvious  characters  is  provisionally  furnished  with  a  generic  name  ; 
smaller  deviations  serve  to  designate  the  species.  It  is  thus  not  at  all 
impossible  that  some  of  such  species  and  genera  may  really  represent 
different  developmental  stages  of  one  and  the  same  fungus."  Since  this 
utterance  of  Cohn's  a  great  number  of  researches  have  been  made  into 
the  growth  and  multiplication  of  the  Bacteria.  Koch  especially  has  de- 
voted himself  to  the  subject  ("  Mittheil.  a.  d.  kaiserl.  Gesundheitsamte," 
Berlin,  1881).  After  long-continued  experiments  on  cultivation,  in  which 
bacteria  were  bred  in  nutritive  gelatine  ("  the  dry  process ")  he  has 
reached  the  conclusion — that  each  species  of  bacteria  possesses  character- 
istic and  easily  recognizable  peculiarities  in  respect  of  structure,  form, 
size,  and  mode  of  growth  of  its  colonies  on  the  gelatine. 

The  Schizomycetes  have  been  very  variously  named  by  different  au- 
thors. Pasteur  speaks  of  them  as  vegetaux  cryptogames  ou  micrO' 
scopiques,  animalcules,  chatnpignons,  infusoires,  torulacees,  hacteries, 
vihrioniens,  -monades,  mycoderma.  In  Germany  the  terms  Monaden, 
Vibrionen,  Mikrozyma  and  (by  Klebs)  Mikrospora  and  Monadine  have 
been  used.  Billroth  introduced  the  term  Coccobacteria.  In  England  we 
have  corresponding  terms,  with  others  like  monads,  zymes,  microzymes 
(Sanderson),  microphytes,  etc.] 

184.  The  Spherobacteria  are  the  smallest  of  all  bacteria.  Under 
the  microscope  they  appear  as  bright  round  or  ovoid  spherules  of  scarcely 
measurable  size.  Two  genera  are  distinguished  :  Micrococcus  (Fig.  74, 1) 
and  Sarcina  (Fig.  74, 15). 

The  spherules  known  as  micrococci  exhibit  no  perceptible  organiza- 
tion, but  it  is  highly  probable  that  they  are  differentiated  into  cell-mem- 
brane and  cell-contents.  They  are  found  in  liquids  and  in  tissues,  either 
isolated  or  arranged  like  strings  of  beads  or  "  chaplets  "  (Fig.  74,  \h),  or 
grouped  in  colonies  (zoogloea,  Fig.  74,  2).  On  examination  it  is  found 
that  in  these  colonies  or  zoogloea  the  separate  spherules  are  united  by  a 
gelatinous  intercellular  substance.     Cohn  affirms  that  this  is  nothing  but 
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the  swollen  and   thickened   cell-meinbrane.      Von   Nencki   afTirins  that   it 
consists  of  niycoproteiii. 

With  regard  to  their  j^rowth  and  increase,  it  is  made  out  tiiat  the  in- 
dividual cells  first  elongate  and  then  subdivide  transversely.  Jf  the  sub- 
divided cells  remain  conjoined  tiie  result  is  a  diplocowua  (Billroth).  If 
the  process  of  subdivision  goes  on,  the  new  cells  remaining  attached  and 
in  line,  chains  or  chaplets  are  produced.  If  large  numbers  of  spherules 
remain  after  subdivision  within  the  swollen  and  continually  enlarging 
membrane,  the  result  is  a  mass  of  zoogloea. 

The  genus  Micrococcus  includes  several    species.       These   are   distin- 
guished partly  by  their  morphological  and  partly  by  their  physiological 
characters.     In  the  first  place  the  micrococci  are  of  various  sizes.     When 
\    cultivated  on  a  proper  soil  they  form  colonies  of  various  types.     Many  of 
j    them  as  they  multiply  produce  yellow,  red,  blue,  green,  or  brown  coloring 
!    matters.     Lastly,  the  effects  produced  in  the  soil  or  liquid  in  which  they 
1    grow  are  various  ;  nor  do  they  all  flourish  on  the  same  kind  of  nutriment. 
It  is  still  doubtful  whether  the   micrococci  are  motile.     The  oscillatory 
j    movements  observed  in  them  are  probably  to  be  regarded  as  Brownian  or 
!    pedetic  movements.      Klebs  believes  that  the  zoogloea  are  contractile. 

The  genus  Sarcina  is  very  clearly  marked.  The  globular  cells  divide 
crosswise,  and  the  daughter-cells  usually  remain  combined  in  tetrads 
(Fig.  74,  15).  Various  species  have  been  distinguished  according  to  the 
size  of  the  cells. 

[Billroth  and  Klebs  assert  that  micrococci  may  grow  into  rodlets  or 
bacilli.  It  is  not  to  be  denied  that  some  bacterial  spherules  become  trans- 
formed into  rods  (Art.  185),  but  Cohn  is  probably  right  in  maintaining 
that  Micrococcus  is  a  definite  genus  of  constant  form.  Ziegler  has  culti- 
vated Micrococcus  luteus,  a  bacterium  which  develops  on  boiled  eggs 
exposed  to  the  air  and  forms  yellow  zoogloea  ;  and  though  the  experi- 
ments were  carefully  made  to  that  end,  he  could  never  obtain  bacilli,  but 
always  micrococci.  Experiments  on  parasitic  micrococci  seem  equally 
to  indicate  that  there  is  a  genus  of  bacteria  which  forms  globular  cells 
only.  It  is  not  yet  certain  whether  or  not  the  micrococci  produce  spores. 
Koch  thinks  it  unlikely.     See  also  Ewart,  "  Proc.  Roy.  Soc,"  xxvii.] 

185.  The  Microbacteria  are  classed  together  as  a  single  genus 
Bacterium.  The  principal  species  are  Bacterium,  termo  (Fig.  74,  3)  and 
Bacterium  lineola  (Fig  74,  5).  The  first  appears  in  the  form  of  minute 
cylindrical  rods,  0.5  to  1.5  micromm.  in  length,  and  appearing  bright  or 
dark  according  to  the  mode  of  illumination.  Sometimes  they  remain  at 
rest,  sometimes  move  about  more  or  less  actively.  From  their  manner 
of  subdivision  they  are  often  found  coupled  in  pairs  ;  they  do  not  usually 
form  chains  or  chaplets  ;  but  are  often  grouped  as  zoogloea  (Fig.  74,  4), 
which  are  remarkable  for  the  great  abundance  of  the  gelatinous  inter- 
cellular substance.     B.  termo  is  very  generally  found  in  putrefying  mat- 
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ters.  £.  lineola  resembles  3.  tenno,  but  it  is  larger  in  every  way.  It 
is  found  in  water,  in  infusions,  on  potatoes,  etc.  The  cells,  which  are 
from  3.8  to  5  micromm.  in  length,  contain  a  clear  bright  substance  inter' 
spersed  with  fine  granules.  In  other  respects  the  bacterium  resembles 
£.  termo ;  it  swims  about  activel}',  moving  forward  and  backward  in 
curves,  rotating  or  oscillating.  At  times  it  remains  motionless.  It 
forms  continuous  pellicles  on  the  surface  of  liquids  containing  it. 

When  micrococci  or  microbacteria  have  exhausted  the  nutriment  con- 
tained in  the  liquid  in  which  they  live,  they  fall  to  the  bottom  as  a  pow- 
dery precipitate. 
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Pig.  74. — Various  Forms  of  Bacteria,  x  500  (in  each  case).  1,  Micrococcus  septicus :  a,  separate,  6, 
in  chaplets  ;  2,  Micrococcus  diphtheHticus,  forming  a  zooplcea-mass ;  3,  Bacterium  termo  ;  4,  Zooglcea  of  £. 
termo  ;  5.  Bacterium  lineola ;  6,  Bacillus  subtilis ;  7,  Bacillus  anthracis,  with  red  blood-cells  ;  8,  Flagellate 
bacillus  from  the  mouth;  9,  Bacillus  leprce  (Armauer  Hansen);  10,  Bacillus  with  terminal  and  medial 
spores,  from  a  putrefying  liquid ;  11,  Bacillus  malance  (Klebs),  with  spores;  12,  Vibrio  serpens  {Co\m) ; 
13,  Spirochoeta  Obermeyeri  ("spirillum"  of  relapsing  fever)  ;  14,  Spirillum,  voluta7is  (Cohn) ;  15,  Sarcina 
ventriculi. 


[As  has  been  indicated  in  Art.  184,  Billroth,  Hallier,  and  Klebs  main- 
tain that  the  microbacteria  represent  merely  a  developmental  stage  in  the 
life-history  of  the  micrococci.  Billroth  ("  Unters.  iiber  Coccobacteria  sep- 
tica,"  Berlin,  1874)  believes  that  all  bacteria  belong  to  a  single  species  of 
plants,  the  members  of  which  are  composed  partly  of  round  and  partly  of 
rod-like  segments  varying  greatly  in  size.  The  round  segments  are  the 
cocci,  the  rod-like  segments  bacteria.  Each  form  may  pass  into  the  other 
on  occasion  ;  though  they  so  far  breed  truly  that  for  some  generations 
cocci  produce  only  cocci,  and  bacteria  only  bacteria.  According  to  size 
we  may  distinguish  them  as  micrococci,  mesococci,  and  megacocci,  and 
microbacteria,  mesobacteria,  and  megabacteria.  Megacocci  may  breaki 
up  into  micrococci.  The  plant  which  passes  through  all  these  stagesf 
Billroth  calls  Coccobacterium  septicum.  In  the  process  of  multiplication) 
it  develops  a  gelatinous  envelope  or  gliacoccus.  When  this  occurs  at 
the  surface  of  a  liquid  so  that  a  pellicle  is  formed,  he  calls  it  petalococcusi 
or  petalobacterium.  Masses  of  cocci  enclosed  in  a  cylindrical  sheath  of 
gliacoccus  are  called  ascococci  (Van  Tieghem,  "  Bull.  Soc.  Botanique," 
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1880).  Coupled  spherules  are  diplococci ;  chains  or  chaplets  of  spherules, 
streptococci  ;  and,  in  like  manner,  he  describes  diplobacteria,  and  strep- 
tobacteria.  Ray  Lankester  (  Quarterly  Journal  of  Micros.  Set.,  1873)  also 
inferred  from  certain  experiments  of  his  that  Cohn's  forms  are  not  really 
distinct.  Haberkorn  ("  Bot.  Centralb.,"  10,  1882)  maintains  that  Cohn's 
four  divisions  merely  represent  diverse  species  of  a  single  genus.  Bill- 
roth's  view  of  the  specific  unity  of  all  the  bacterial  forms  has  been  dis- 
credited by  later  researches  (rf.  Tiegel,  "  Virch.  Arch.,"  vol.  Ix.;  Lister, 
"Trans.  Roy  Soc.  Edin.,"  1875). 

Klebs  ("Arch,  f,  exp.  Path.,"  iv.)   divides   the  globular  and  rod-like 
bacteria  into  Micros2)orina  and  Monadina.     He  defines  the  Microspo- 
rina  as  small  micrococci  which  in  the  resting  state  form  well-defined  and 
compacted   balls  ;    the    several    spherules    being    regularly   deposited   in 
I  layers   and  surrounded  by  only  a   small   quantity  of   gelatinous   matter. 
I  The  peripheral  spherules  grow  into  minute  motile  bacteria,  which  tend  to 
j  move  away  from  the  mass,  and  thus  further  the  diffusion  of  the  organ- 
j  isms  through  the   nutrient  liquid.     The  highest  stage  of  their  develop- 
i  ment  is  reached  in  the  formation  of  a  matted  tuft  of  unbranched  fila- 
;  raents.     The  monadina  form  loose  balls,  from  which  motile  monads  or 
I  vibrios  break  away.      These  grow  into  rodlets  which  are  relatively  short 
I  and  broad  ;  and  these  again  subdivide  ;  they  probably  increase  also  by 
conjugation.     They  then  pass  into  a  resting  state,  and  lie  quietly  along- 
'  side  each  other.     Lastly  they  break  up  into  spherules  ;  it  is  rare  for  them 
to  form  tufts  or  clusters.     They  require  oxygen,  and  thrive  better  on  al- 
bumen than  on  gelatine, 
t         It   is   not  yet   certainly  known  whether   Sacteriwn   termo   produces 
I  spores  or  not.     It  has  been  described  as  possessing  flagella  by  Dallinger 
and  Drysdale   {Month.  Mic.  Journ.,  xiv.),  and  by  Koch   ("  Beitrage  zur 
Biol,"  1877).] 

i         186.   The  Desmobacteria  (or  Filobacteria)  are  cylindrical  rodlets  of 

varying  length  ;  some  of  them  are  thick,  and  some  slender  and  delicate. 

Oohn  describes  a  straight  form  which  he  calls  Bacillus,  and  a  wavy  or 

;  curved   form   which   he  calls   Vibrio.     Bacillus   increases   by  transverse 

I  subdivision,  and  frequently  forms  a  long  string  (Fig.  74,  6),  commonly  re- 

-  ferred  to  as  a  leptotJirix  (Hallier).     It  is  not  always  easy  to  make  out  that 

the  string  is  made  up  of   distinct  rodlets.     In  other  cases  bacilli  form 

swarms.     Many  bacilli  pass  through  both  a  resting  state  and  a  swarming 

state.     Many  are  provided  with  a  flagellum  or  cilium,  which  acts  as  an 

I  organ  of  locomotion  (Fig.  74,  8).     The  best  representatives  of  this  genus 

j  at  present  known  are  B.  suhtilis  (Fig.  74,  6),  B.  anthracis  (Fig.  74,  7), 

j  B.  tuberculosis  (Fig.  80),  and  B.  leprce  (Fig.  74,  9).     The  various  specific 

forms  are  distinguished  by  their  general  size,  and  by  the  relation  of  their 

length  to  their  breadth.      Some  of  them  are  cut  off  square  at  the  ends, 

j  others  are  rounded  off  or  pointed.     Even  more  marked  differences  than 

I  these  become  apparent  when  the  various  forms  are  cultivated  in  nutrient 


272 


A    TEXT-EOOK    OF    PATHOLOGICAL    ANATOMY. 


liquids.  "  Cultures  "  of  this  kind  have  been  made  by  Cohn,  Koch,  Klebs, 
Brefeld,  Prazmowski,  Lister,  Naegeli,  Buchner,  Klein,  and  many  others, 
and  we  have  thus  come  to  know  something  of  the  life-history  of  many  of 
the  varieties.  Cohn  bred  the  S.  subtilis  in  hay  infusions  ;  Koch  the  _B. 
anthracis  found  in  the  blood  and  tissues  of  animals  suffering  from  splenic 
fever  ;  and  also  the  B.  tuberculosis  (Art.  206). 

The  life-histories  of  the  different  species  differ  in  many  details  ;  but 
they  usually  agree  in  their  main  features.  Features  which  thus  con- 
stantly recur  are— the  longitudinal  growth  of  the  rodlets,  their  transverse 
subdivision  and  abstriction,  and  the  formation  of  spores  or  gonidia.  The 
life-history  of  £.  anthracis  is  briefly  as  follows. 


®#^/// 


Fig.  75. — Development  of  Bacillus  Anthracis.  x  400.  (From  Koch.)  a,  bacilli  from  the  blood;  a,, 
dead  bacilli;  6,  bacilli  cultivated  for  three  hours;  c,  for  ten  hours;  d,  for  twenty-four  hours;  spores  are 
forming  and  the  filaments  are  breaking  up ;  e,  germination  of  spores. 

If  the  anthrax-bacillus  be  observed  under  proper  conditions,  it  is 
found  in  a  short  time  to  grow  lengthwise  to  a  very  considerable  size  (Fig. 
75,  h).  Within  twenty-four  hours  a  string  or  filament  is  formed  (Fig. 
75,  c),  which  may  be  ten  or  twenty  times  as  long  as  the  original  rodlet. 
In  ten  or  fifteen  hours  more  the  clear  contents  of  the  filament  become 
granular.  Then  appear  at  regular  distances  small  darker  bodies,  which 
grow  in  a  few  hours  into  larger  highly  refracting  spores  (Fig.  75,  d). 
The  filaments  afterward  break  up,  and  the  spores  are  set  free.  In  favor- 
able circumstances  these  spores  may  germinate  and  develop  into  bacilli 
exactly  like  those  originally  taken  from  the  blood. 

According  to  Koch,  each  spore  consists  of  a  bright  body  surrounded 
by  an  envelope  of  clear  protoplasm.  As  the  spore  germinates  the  latter 
grows  into  a  rodlet  (Fig.  75,  e).  The  researches  of  Klein,  Brefeld,  Praz- 
mowski, Ewart,  and  others  do  not  corroborate  this  account.  They  make  < 
out  that  the  spore  consists  of  protoplasm  enclosed  in  a  membrane.  The 
rudimentary  bacillus  is  developed  not  from  the  peripheral  layer  of  the  > 
spore,  but  from  its  protoplasmic  centre. 

In  addition  to  this  mode  of  increase  by  spore-formation  observed  in  \ 
cultivated  bacilli,  the  rodlets  multiply  by  transverse  subdivision.  This  i 
is  especially  the  case  in  the  blood  of  living  animals. 
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As  we  have  said,  all  bacilli  have  the  power  of  forming  spores.  It  is 
not,  however,  essential  to  the  process  that  long  filaments  should  be 
formed.  Many  bacilli  produce  spores  without  having  undergone  any 
marked  increase  in  their  length.  The  number  of  spores  in  each  rodlet 
varies  from  one  to  three.  They  may  occupy  either  a  terminal  or  a  medial 
position  (Fig.  74,  10  and  11). 

Anthrax-bacilli  cultivated  on  gelatine  are  never  motile  (Koch)  ;  they 
always  form  flakes  or  tufts  made  up  of  long,  vvavy,  tress-like  or  twined 
filaments.  The  bacilli  of  hay-infusion  grow  out  into  long  filaments  in 
very  young  colonies  only.  When  they  become  more  mature  and  cause 
the  gelatine  to  liquefy,  they  are  seen  in  active  movement  at  the  centre 
of  the  colony,  while  round  its  periphery  they  stand  in  regular  array  all 
perpendicular  to  the  surface  and  penetrating  the  firmer  gelatine.  The 
colony  then  looks  as  if  it  were  surrounded  by  an  aureole  of  rays.  Other 
bacilli  form  colonies  looking  like  tufted  roots  of  trees  ;  others  again 
spread  out  in  one  plane  and  form  mosaic  designs. 

[Cohn's  and  Koch's  researches  are  published  in  the  "  Beitrage  zur 
Biologic  d.  Pflanzen,"  vol.  ii.,  and  "  Mittheil.  a.  d.  kais.  Gesundheit- 
samte,"  Berlin,  1881  ;  Brefeld's  are  in  the  "  Botan.  Zeitung,"  1878,  and 
in  "Botan.  Unters.  liber  Schimmelpilze,"  1881;  Klein's,  Sanderson's, 
and  Ewart's,  in  the  Quart.  Journ.  of  Micros.  Science,  1878.  Prazmow- 
ski  asserts  ("  Unters.  iiber  d.  Entwick.  einiger  Bacterien,"  Leipzig,  1880) 
that  the  germination  of  the  spores  of  B.  siibtilis  follows  a  different  course 
to  that  of  J3.  anthracis.  The  mature  spore  is  oval,  highly  refracting, 
sharply  defined,  and  surrounded  by  a  transparent  zone.  On  germination 
the  spore  becomes  pale,  and  loses  its  lustre  and  its  sharp  contour.  At 
each  pole  a  kind  of  shading  appears,  the  spore  meanwhile  beginning  to 
move  in  a  tremulous  manner.     After  a  time  the  contents  escape  laterally 

i  in  the  form  of  a  minute  cylindrical  shoot,  which  grows  into  a  rodlet ;  and 

I  this  latter  then  proceeds  to  subdivide. 

Prazmowski  has  also  made  out  the  life-history  of  the  so-called  Clos- 

j  tridium  hutyricum  (Pasteur's  vibrion  hutyrique.  Van  Tieghem's  £acil~ 

I  lus  amylohacter).  It  forms  rodlets  9-10  micromm.  long,  which  are  seen 
alternately  at  rest  and  in  moving  swarms.  Before  fructification  they  in- 
crease in  thickness  and  become  more  fusiform  or  pear-shaped.  On  ger- 
mination the  spore  swells  and  begins  to  jerk  about.     The  membrane  at 

,  one  end  is  absorbed,  the  germinal  cylinder  escapes,  and  as  it  grows  pro* 

\  ceeds  to  subdivide  as  before. 

Kern  describes  a  bacillus  under  the  name  of  Dispora  Caucasica 
("Biolog.  Centralb.,"  5,  vol.  ii.),  much  resembling  B.  anthracis ;  it  is, 
however,  distinguished  from  the  latter  by  its  always  exhibiting  terminal 
spores  at  each  end  of  the  rodlets.  When  cultivated  in  milk  this  bacillus 
sets  up  a  peculiar  fermentation,  which  produces  an  agreeable  drink  much 

j  used  in  the  Caucasus. 

Brefeld    distinguishes    an    external    spore-membrane    or    exosporium 
18 
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which   is  thrown   oS.   in   germination,   and  an  internal  or  endosporium 
which  becomes  the  envelope  of  the  germinal  cylinder. 

With  regard  to  the  term  leptothrix,  it  is  to  be  noted  that  all  filaments 
or  strings  so  named  do  not  necessarily  represent  developmental  stages  of 
a  bacillus.  The  filaments  formed  by  algas,  for  example,  are  also  spoken 
of  as  leptotriches.'\ 

187.  The  Spirobaeteria  are  divided  into  two  genera — Spirochoeta 
(Fig.  74,  13)  vi'ith  long,  flexible,  close-wound  spirals  ;  and  Spirillum  (Fig. 
74,  14)  with  short,  stiff,  open  spirals.  For  the  pathologist,  &piroc}i(x,ta 
Ohermeyeri  (13)  and  Spirochae,ta  denticola  are  the  most  important  spe- 
cies of  the  first  genus.  The  former  (often  referred  to  simply  as  "spiril- 
lum ")  is  constantly  found  in  the  blood  of  patients  suffering  from  relaps- 
ing fever,  during  the  paroxysms.  Tlie  latter  is  found  in  the  mouth  and 
nose  of  persons  who  may  be  quite  healthy  or  suffering  from  nasal  catarrh. 
The  length  of  the  former  is  twice  or  thrice  the  diameter  of  a  red  blood- 
cell.  It  moves  with  extraordinary  agility  through  the  blood,  and  is  there- 
fore hard  to  see  unless  it  be  somehow  fastened  down  or  restrained.  No 
structure  has  been  made  out  in  it. 

No  details  are  known  of  the  life-history- of  Spirochceta.  It  plainly 
increases  very  rapidly  within  the  body.  It  probably  produces  resting- 
spores. 

The  largest  of  all  bacteria,  Spirillum  volutans,  belongs  to  the  Spirilla 
(Fig.  74,  14).  Apart  from  its  size  it  is  distinguished  by  its  granular  pro- 
toplasm and  its  pair  of  flagella.  It  sometimes  moves  about  actively, 
sometimes  lies  quiescent.  It  is  occasionally  found  in  drinking-water. 
Two  smaller  forms,  Sjnrillum,  tenue  and  Spirillum  undula,  also  belong 
to  this  genus  (Art.  207). 

JBiology  of  the  Bacteria. 

188.  Conditions  of  life.  All  bacteria  require  to  be  supplied  with 
certain  definite  nutritive  substances  if  they  are  to  develop  normally. 
The  requisite  substances  are  partly  inorganic,  and  partly  organic  (carbohy- 
drates and  albuminoids).  The  inorganic  components  are  derived  from 
salts  containing  sulphur,  phosphorus,  magnesium,  and  potassium.  The 
requisite  carbon  and  nitrogen  are  mainly  derived  from  animal  and  vege- 
table matters.  But  bacteria  have  also  the  power  of  assimilating 
nitrogen  from  ammonia,  urea,  or  even  nitre,  provided  only  the  other 
mineral  substances  needed  are  also  present,  and  in  addition  some  appro- 
priate organic  carbon-compound,  such  as  sugar. 

These  nutritive  substances  must  be  presented  to  the  bacteria  as- 
sociated with  a  certain  amount  of  water.  None  of  the  bacteria  can 
develop  without  water,  though  many  of  them  may  be  without  it  for  a 
time  and  still  continue  to  live.  This  is  especially  the  case  with  bacterial 
spores.     If  the  water  contains  no  proper  nutriment,  or  if   the  nutriment 
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is  already  used  up,  the  bacteria  cease  to  develop,  and  after  a  time  die 
outright.  But  here,  as  when  water  is  lacking  altogether,  it  is  possible 
for  the  bacteria  to  maintain  life  for  a  time.  The  spores  are  still  more 
tenacious  of  life,  and  can  hold  out  almost  indefinitely.  Free  oxygen  is 
absolutely  necessary  to  the  development  of  many  of  the  bacteria  ;  others 
can  do  without  it  if  they  are  otherwise  favorably  placed,  and  in  circum- 
stances where  they  can  set  up  fermentation.  The  former  kind,  e.g.. 
Bacillus  anthracis  and  B:  malarim  (Klebs),  have  been  called  by  Pasteur 
aerobious  fungi.  The  latter,  of  which  Bacterium  termo  and  Clostridium 
butyricum  are  the  best-known  examples,  are  anaerobious.  Pure 
oxygen  is  said  to  kill  bacteria  outright. 

("Njigeli  gives  minuter  details  of  the  conditions  of  life  of  the  various 
bacteria  ("  Die  niederen  Pilze,"  Munich,  1877,  and  "  Untersuch.  liber  die 
nied.  Pilze,"  1882).  Pasteur,  Joubert,  and  Chamberland  have  papers  in 
the  "  Gaz.  med.  de  Paris,"  1876,  on  the  relations  of  bacteria  to  oxygen. 
Prazmowski  asserts  that,  so  far  as  concerns  Clostridiuin,  oxygen  is  not 
merely  unnecessary  but  positively  harmful.  B.  anthracis,  on  the  other 
hand,  dies  if  deprived  of  oxygen,  breaking  up  into  rounded  fragments. 
Pasteur  again  affirms  that  the  bacillus  which  skives  rise  to  the  "  Pasteur- 
ian"  septicaemia  in  rabbits,  dies  if  exposed  to  the  air.  According  to  Koch 
C  Mittheil.  a.  d.  k.  Gesundheitsamte,"  Berlin,  1881),  the  anthrax- bacillus 
perishes  if  it  is  allowed  to  become  dry  ;  while  the  spores  may  be  preserved 
for  years  in  the  dry  state.  They  may  even  be  kept  moist  for  a  time  with- 
out losing  their  power  to  germinate  or  to  produce  the  specific  infection.] 

189.  The  temperature  of  the  nutrient  medium  has  great  influence 
upon  the  development  of  bacteria.  If  the  temperature  be  lowered,  the 
effect  is  generally  to  slow  and  to  weaken  the  vital  processes,  and  ulti- 
mately to  put  an  end  to  them  altogether.  As  the  temperature  is  raised, 
on  the  other  hand,  these  processes  become  more  and  more  active  until  a 
certain  maximum  is  reached  ;  carried  beyond  this  point  they  rapidly  and 
suddenly  cease,  in  most  instances  not  to  revive  again.  The  maximum 
temperature  which  can  be  borne  by  fungi  varies  in  the  different  species  ; 
a  few  are  capable  of  growth  at  70°  to  74°  C.  (Van  Tieghem).  The  de- 
velopment of  all  kinds  is  stayed  at  a  temperature  of  5°  C  They  become 
stiff  and  immobile,  but  are  not  absolutely  killed  even  by  very  extreme 
degrees  of  cold.  The  rigor  frigoris  sets  in  at  different  temperatures  in 
different  species  ;  in  the  case  of  B.  termo  at  5°  C,  of  B.  anthracis  at  15° 
C.  For  B.  anthracis  the  temperature  most  favorable  to  development 
is  30°-40°  C;  at  42°  C.  development  ceases.  B.  termo  develops  best 
between  30°  C.  and  35°  C. 

All  bacteria  and  all  bacterial  germs  are  killed  by  boiling-hot  water  or 
steam,  after  exposure  for  a  certain  time.  The  spores  are  much  more 
resistant  than  the  bacteria.  In  dry  air  both  may  endure  much  higher 
temperatures.     Spores,  for  instance,  are  not  destroyed  at  a  temperature 
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of  140°  C.  until  after  three  hours'  exposure.     JB.  termo  perishes  at  65** 
C,  if  the  temperature  be  kept  up  for  a  considerable  time. 

[Researches  on  the  effect  of  temperature  on  the  bacteria  and  their 
spores  have  been  made  chiefly  by  Eidam  ("  Cohn's  Beitrage  z.  Biologie 
d.  Pflanzen,"  vol  ii.),  Koch,  Wolffhugel,  Gaffky,  and  Loffler  ("Mitth.  a.  d. 
k.  Gesundheitsamte,"  Berlin,  1881),  Van  Tieghem  ("  Bull.  Soc.  Bot.," 
1881).     The  following  are  the  chief  results  arrived  at. 

Dacterium  termo  passes  into  rigor  frig  oris  at  S'',  into  rigor  caloris 
at  40°.  At  45°  the  ordinary  putrid  decomposition  of  albuminoids  ceases 
to  go  on  (Eidam). 

Bacillus  anthracis  multiplies  the  more  slowly  as  the  temperature  is 
lowei',  within  certain  limits.  Between  30°  and  40°  growth  and  spore- 
formation  are  completed  in  twenty-four  hours  ;  at  25°  this  time  is  in- 
creased to  thirty-five  or  forty  hours.  At  23°  the  spore-formation  occupies 
forty-eight  or  fifty  hours  ;  at  20°  seventy-two  hours  ;  at  18°  it  takes  five 
days,  at  16°  seven  days.  Below  15°  growth  and  spore-formation  cease 
(Koch).  Spores  are  still  formed  at  a  temperature  of  42°.  See  also  San- 
derson and  Ewart,  Quarterly  Journal  Mic.  Sci.,  1878. 

Bacteria  without  spores,  when  exposed  to  hot  air,  cannot  endure  a 
temperature  much  over  100°  for  so  long  as  an  hour  and  a  half.  The 
spores  of  bacilli  are  only  destroyed  after  three  hours'  exposure  to  a 
temperature  of  140°.  In  the  case  of  objects  exposed  to  heat  with  a  view 
to  disinfection,  it  is  noteworthy  that  the  temperature  penetrates  very 
slowly.  Objects  of  moderate  size,  such  as  bundles  of  clothing,  pillows, 
etc.,  are  not  completely  disinfected  even  when  exposed  for  three  or  four 
hours  to  a  temperature  of  140°  (Wolffhugel).  Anthrax-bacilli  perish 
when  exposed  to  boiling  water  for  two  hours  ;  when  exposed  to  steam 
in  a  closed  space  ten  minutes  suffices.  On  the  other  hand,  the  peculiar 
bacillus  found  in  garden-soil  is  not  destroyed  by  this  exposure.  Super- 
heated steam  at  105°  kills  all  bacterial  germs.  A  jet  of  steam  is  more 
powerful  than  steam  in  a  closed  chamber.  It  will  kill  all  kinds  of  germs 
in  ten  to  fifteen  minutes,  and  it  readily  penetrates  the  articles  to  be  dis- 
infected (Koch,  Gaffky,  Loffler).  When  using  boiling  water  for  disin- 
fecting purposes,  care  must  be  taken  that  the  heat  is  kept  up  long 
enough,  i.e.,  until  all  the  parts  are  warmed  up  to  100°. 

The  effect  of  temperature  in  modifying  the  virulence  of  pathogenous 
bacteria  will  be  referred  to  later  on.] 

190.  Another  factor  of  importance  in  regard  to  bacterial  development 
is  the  presence  of  foreign  or  non-nutritive  substances  in  the  nutrient 
liquid.  Many  substances  (like  corrosive  sublimate,  bromine,  iodine,  and 
some  acids)  have  a  very  powerful  effect  even  in  small  quantity.  They 
put  an  end  to  growth  and  fermentive  action,  or  kill  the  organisms  out- 
right. Other  substances  have  no  injurious  effect  unless  present  in  con- 
siderable quantity. 
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The  fermentive  action  of  the  fungi  leads  to  the  formation  in  the 
nutrient  liquid  of  substances  which,  when  they  reach  a  certain  degree  of 
concentration,  may  ultimately  put  a  stop  to  the  growth  and  multiplica- 
tion of  the  fungi  themselves.  In  alcoholic  or  lactic  fermentation,  for 
instance,  the  gradually  accumulating  alcohol  or  lactic  acid  ultimately 
brings  the  fermentive  process  to  a  standstill. 

If  nutritive  matters  be  present  in  excess  (or  if,  in  other  words,  the 
supply  of  water  be  inadequate),  the  growth  and  multiplication  of  the  fungi 
ceases  in  like  manner.  This  is  the  reason  why  conserves  of  fruit  made 
with  sugar  do  not  ferment,  why  condensed  milk  does  not  turn  sour,  and 
why  dried  or  salted  meat  does  not  putrefy.  By  withdrawing  water, 
or  by  adding  substances  which  dissolve  in  the  organic  liquids,  we  are 
able  to  increase  the  proportion  of  solids  to  liquids  in  organic  substances 
such  as  provisions,  and  so  preserve  them  from  decomposition  by  fungi. 
The  quantity  of  water  necessary  for  the  development  of  fungi  like 
bacteria  and  the  yeast-plant  is  greater  than  in  the  case  of  the  mould- 
fungi. 

Horwath's  and  Reinke's  researches  ("  Pfliiger's  Arch.,"  xvii.,  xxiii.) 
show  that  constant  agitation  of  the  liquid  hinders  the  development  of 
bacteria,  and  may  even  check  their  multiplication  altogether. 

A  further  factor  of  importance  in  bacterial  development  is  the  pres- 
ence of  lower  orders  of  fungi  in  the  nutrient  liquid.  As  higher  plants 
often  encroach  on  and  interfere  with  each  other,  so  it  is  possible  for  bac- 
teria, yeast-plants,  and  moulds  to  interfere  and  compete  with  each  other 
for  nutriment  (Nageli).  A  bacterium,  which  is  thriving  and  multiply- 
ing in  a  given  liquid,  may  be  checked  and  ultimately  killed  merely  by  in- 
troducing another  fungus  which  is  still  more  at  home  in  the  liquid. 
Thus,  if  we  introduce  into  a  nutrient  liquid  containing  sugar  the  germs  of 
a  number  of  fungi  of  different  classes,  the  bacteria  alone  will  multiply 
and  set  up  lactic  fermentation.  If  a  half  per  cent,  of  tartaric  acid  be 
now  added,  the  yeast-fungi  alone  will  proceed  to  multiply,  and  alcoholic 
fermentation  will  begin.  Add  now  from  four  to  five  per  cent,  of  tartaric 
acid,  and  mouldy  growths  appear.  The  tartaric  acid  does  not  kill  the 
other  fungi  ;  it  merely  favors  one  more  than  the  others.  Thus  it  is  that 
in  grape-must  it  is  only  the  yeast-fungi  which  flourish,  though  other 
germs  are  certainly  present.  Only  when  the  sugar  is  all  used  up  have 
the  bacteria  a  chance  to  multiply,  and  then  they  set  up  acetous  fermen- 
tation. Mould-fungi  may  then  develop  in  the  presence  of  the  vinegar, 
and  they  consume  the  acetic  acid.  Lastly,  when  this  is  done,  the  bac- 
teria reappear  and  set  up  putrefaction. 

Even  among  the  Bacteria  themselves  a  like  mutual  interference  and 
struggle  for  existence  is  observed.  Micrococci  may  be  thrust  aside  by 
microbacteria.  Bacilli  may  be  killed  by  Bacterium  termo,  when  the 
supply  of  oxygen  is  insufficient  for  both. 

It  is  also  a  point  of  importance,  when  there  are  various  kinds  of 
fungus-germs  present,  to  know  which  kind   is   most   abundant.      If   the 
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soil  be  equally  well  adapted  for  two  or  more  forms,  the  form  represented 
by  the  majority  of  germs  will  have  the  advantage. 

[Koch  and  Wolffhiigel  have  made  very  careful  investigations  into  the 
action  of  various  substances  on  the  life  and  multiplication  of  bacteria. 
('•  Mittheilungen,  etc.,"  1881).  The  subject  has  also  been  treated  by 
Buchholtz  ("  Arch.  f.  exp.  Path.,"  iv.),  Schotte  and  Gartner  ("Deutsche 
Viertelj.  f.  off.  Gesund.,"  xii.,  1880),  Nageli  ("Die  niederen  Pilze," 
Munich,  1877  and  1882),  Roberts  ("  Phil.  Trans.,"  1874),  Hamlet  {Journ, 
Chem.  Soc,  1881),  and  many  others.  The  following  results  of  investi- 
gation are  worthy  of  note. 

Corrosive  sublimate  has  the  most  powerful  effect  on  bacteria :  an 
aqueous  solution  of  1:20,000  kills  the  spores  of  bacilli  in  ten  minutes. 
A  solution  of  1:  5,000  is  thus  a  certain  disinfectant,  even  when  the  time 
of  exposure  is  very  short.  Mercuric  sulphate  is  somewhat  less  active. 
Koch  finds  that  an  aqueous  sublimate-solution  of  1:300,000  puts  a  stop 
to  the  germination  of  bacterial  spores. 

Sulphurous  acid  does  not  take  a  high  place  as  a  disinfectant.  Bac- 
teria clinging  to  dry  objects  are  killed  by  twenty  to  thirty  minutes'  ex- 
posure to  an  atmosphere  containing  1  vol.  per  cent,  of  sulphurous  acid. 
Spores  of  J^.  snbtilis  and  B.  anthracis  are  still  capable  of  development 
after  ninety-six  hours'  exposure  to  an  atmosphere  containing  5  to  6  vols, 
per  cent,  of  sulphurous  acid.  Even  when  moist  they  are  very  hard  to 
kill  with  it.  It  is  thus  an  altogether  untrustworthy  disinfectant,  and  all 
the  more  because  it  has  little  power  of  penetrating  compact  masses  or 
bundles  (Wolffhiigel,  Buchholtz,  Schotte  and  Gartner,  Koch,  Buchner). 

Carbolic  acid  in  five  per.  cent,  solution  will  kill  the  spores  of  the 
anthrax-bacillus  in  twenty-four  hours,  A  three  per  cent,  solution  will 
not  do  so  in  the  same  time.  The  bacilli,  however,  are  killed  in  a  few 
minutes  even  by  a  one  per  cent,  solution.  A  solution  of  1:400  checks 
the  development  of  bacterial  spores.  Vapor  of  carbolic  acid  at  ordinary 
temperatures  is  without  effect  ;  at  55°  C.  it  kills  spores  in  two  or  three 
hours  (Koch,  loc,  cit.  ;  De  la  Croix,  "Arch.  f.  exp.  Path.,"  xiii.).  Chlo- 
ride of  zinc  in  five  per  cent,  solution  has  no  effect  on  anthrax-spores — 
even  when  they  have  lain  in  it  for  a  month  (Koch). 

Iodine,  bromine,  and  chlorine  are  far  more  active  than  sulphurous 
acid.  Bacilli  cease  to  grow  in  presence  of  iodine  in  the  proportion  of 
1:5,000,  and  of  bromine  of  1:1,500.  Steam  from  bromine- water  kills 
spores  in  twenty-four  hours,  from  chlorine-water  in  two  days.  Iodine- 
water  and  chlorine-water  kill  spores  in  one  day,  a  five  per  cent,  solution 
of  chloride  of  lime  in  ten  days.  Benzoic  acid,  sodium  benzoate,  potas- 
sium chlorate,  and  quinine  have  little  effect  on  spores.  The  following 
substances,  even  in  dilute  solution,  have  a  restraining  influence  on  bac- 
terial development:  ally  lie  alcohol  ;  oils  of  mustard,  peppermint,  turpen- 
tine, and  cloves ;  thymol  ;  chromic,  picric,  hydrochloric,  and  salicylic 
acids  ;  quinine.     The  effect  is  perceptible  in  solutions  of  1:300,000  for 
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oil  of  peppermint,  of  1:800  for  quinine,  of  1:  75,000  for  oil  of  turpen- 
tine. 

All  disinfecting  agents  should  be  used  in  aqueous  solution.  In  alco- 
hol or  oil  they  are  either  inactive  or  enfeebled.  Bacillus-spores  still 
retain  their  power  to  germinate  after  lying  for  months  in  absolute  alco- 
hol.    In  water  and  in  glycerine  they  may  lie  for  weeks  undestroyed. 

Bacteria  become  less  able  to  resist  heat  in  presence  of  small  quantities 
of  acid.  They  are  made  more  resistant  by  alkalies.  For  the  effect  of  light 
on  their  development  see  Engelmann,  "Rev.  internat.  Sci.   biol.,"  1883.] 

191.  Influence  on  the  nutrient  liquid.  In  the  first  place  the  bac- 
teria, as  they  grow  and  multiply,  withdraw  from  the  nutrient  liquid  the 
elements  they  require  for  building  up  their  cells.  These  elements  are 
chiefly  nitrogen,  carbon,  hydrogen,  and  oxygen,  as  also  the  mineral  con- 
stituents mentioned  in  Art.  188.  In  the  next  place  they  set  up  marked 
chemical  changes  in  the  nutrient  liquid.  It  is  bacteria  which  superinduce 
putrid  decomposition  in  albuminoid  bodies  ;  they  transform  sugar  into 
lactic  acid  (as  in  soured  milk)  ;  lactic  acid  into  butyric  acid  (as  when 
sourkrout  ferments,  or  butter  becomes  rancid)  ;  sugar  into  a  gum-like 
slime  (as  in  "  slimy "  or  "  long "  wine)  ;  and  alcohol  into  acetic  acid. 
Large  quantities  of  material  may  in  this  way  be  very  rapidly  transformed. 

When  albuminoids  undergo  putrid  decomposition,  we  have  formed 
peptones  and  similar  bodies  ;  a  certain  putrid  principle  or  poison  (Panum), 
and  bodies  resembling  ferments  ;  sepsin  (Bergmann  and  Schmiedeberg)  ; 
nitrogenous  bases,  like  leucin  and  tyrosin  ;  amines  like  methylamine, 
ethylamine,  propylamine  ;  fatty  acids,  like  formic  acid,  acetic  acid,  propi- 
onic acid,  butyric  acid,  valerianic  acid,  palmitic  and  stearic  acids,  lactic 
acid  succinic  acid,  etc.  ;  aromatic  matters,  indol,  phenol,  cressol,  pyro- 
catechin,  hydroquinone,  hydroparacuminic  acid,  and  paroxyphenylacetic 
acid  (von  Nencki,  Salkowski,  Brieger)  ;  and  lastly,  sulphuretted  hydro- 
gen, ammonia,  carbonic  anhydride,  and  water.  These  products  are  the 
result  partly  of  hydration,  partly  of  reduction,  and  partly  of  oxidation. 

The  immediate  cause  of  the  process  is  unknown.  Nageli  ("  Die 
niederen  Pilze,"  1877),  Pasteur,  Lister,  and  others,  regard  the  decompo- 
sition as  the  direct  result  of  the  vegetation  of  the  bacteria.  Decomposi- 
tion and  fungus  are  inseparable  ;  the  one  ceases  when  the  other  is 
removed.  Processes  of  this  nature,  set  up  by  bacteria,  are  best  distin- 
guished as  fermentations.  Considered  with  respect  to  their  property 
of  setting  up  fermentation,  bacteria  are  often  described  as  "  formed  "  or 
"  organized "  ferments.  Bacteria  have  also  the  power  of  setting  free 
certain  substances  which  have  a  decomposing  action  like  themselves,  but 
are  capable  of  separation  from  them,  and  are  known  as  "unorganized" 
ferments.  Such  unorganized  ferments  can,  for  instance,  change  lactose 
into  fermentable  sugar,  transform  starch  and  cellulose  into  grape  sugar, 
and  render  soluble  coagulated  albumen  and  other  insoluble  albuminoids. 
In  consequence  of   such   changes   milk  may  undergo  alcoholic  fermenta- 
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tion,  wood  may  become  soft  and  rotten,  damp  bread  turn  sour,  and  in- 
soluble albuminous  matters  be  transformed  into  a  putrid  ammoniacal 
slime. 

Under  the  influence  of  bacteria  are  also  developed  certain  bitter,  acrid, 
and  nauseous  products,  of  whose  composition  nothing  is  known  (as  when 
milk  turns  bitter).  Now  and  again  coloring  matters  are  produced  by 
them,  red,  yellow,  green,  blue,  and  violet.  So  bread  may  become  covered 
with  a  blood-red  film  of  Micrococcus  prodigiosus  ("bleeding"  bread). 
Bandages  and  pus  in  wounds  become  blue  from  the  presence  of  Micro- 
coccus cyaneus.  Boiled  eggs  exposed  to  moist  air  are  often  quickly 
covered  over  with  a  yellow  film  of  Micrococcus  luteus. 

[The  hypotheses  proposed  to  explain  fermentation,  especially  the 
alcoholic  fermentation,  have  been  very  various.  Some  of  them  attempt 
to  connect  the  process  intimately  with  the  vital  activity  of  the  cells  which 
give  rise  to  it  ;  others  seek  to  separate  them.  Liebig  describes  the  pro- 
cess as  a  molecular  motion  transmitted  by  matter  (the  unformed  ferment) 
already  in  a  state  of  chemical  motion  {i.e.,  in  the  act  of  decomposing)  to 
other  matters  composed  of  elements  in  loose  combination.  Hoppe-Seyler 
and  Traube  ("  Pfliiger's  Arch.,"  xii.,  1875,  and  "  Physiologische  Chemie  ") 
imagine  that  the  cells  secrete  certain  unformed  ferments,  which  produce 
decomposition  by  mere  contact  (or  catalytically),  without  themselves 
taking  part  in  the  chemical  changes  they  set  up. 

Pasteur  ("  Annal.  de  Chimie  et  de  Phys.,"  58,  64;  "  Comptes  Ren- 
dus,"  45,46,47,  56,  80;  "Studies  on  Fermentation,"  London,  1879; 
Duclaux's  "  Ferments  et  Maladies,"  Paris,  1882)  regards  fermentation 
as  immediately  dependent  on  the  activity  of  the  living  cells.  Fermenta- 
tion begins  only  when  the  supply  of  free  oxygen  to  the  cells  is  restricted. 
They  then  begin  to  abstract  oxygen  from  the  compounds  contained  in 
the  nutrient  liquid,  and  so  disturb  their  molecular  equilibrium. 

Nageli's  physical  (or  molecular)  theory  ("  Abhand.  d.  bayr.  Akad. 
math,  physic.  CI.,"  xiii.,  p.  76,  1879)  supposes  that  the  natural  motions  of 
the  molecules  and  atoms  of  the  various  constituents  of  the  living  cell- 
protoplasm  are  transmitted  mechanically  to  the  fermenting  matter.  The 
protoplasmic  constituents  remain  chemically  unchanged,  but  the  mole- 
cular equilibrium  of  the  fermenting  matter  is  disturbed,  and  disintegra- 
tion results.  Nageli's  theory  emphasizes  strongly  the  dependence  of  the 
fermentive  process  on  the  life  of  the  cells,  and  is  thus  in  harmony  with 
our  general  view  that  all  vital  processes  are  ultimately  cellular. 

The  power  of  exciting  fermentive  decomposition  in  nutrient  liquids 
is  very  probably  possessed  not  merely  by  bacteria  and  yeast-cells,  but 
also  by  the  cells  of  higher  organisms,  as  of  man.  Voif  ("  Physiologic 
des  Stoffwechsels,"  Leipzig,  1881)  refers  the  disintegration  of  the  soluble 
albumen  circulating  through  the  system  to  fermentive  action  of  the  tissue- 
cells.  Pasteur  has  shown  that  in  proper  conditions  fruits  and  leaves  may 
exhibit  fermentive  properties. 
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■  The  chemical  changes  occurring  in  the  putrid  decomposition  of  the 
albuminoids  have  been  studied  by  Nencki,  Salkowski,  Brieger,  and  Kil- 
ler.    See  Ililler,  "Die  Lehre  von  der  Faulniss,"  Berlin,  1879  ;   Nencki, 

i  *'  Zersetzung  der  Gelatine  und  des  Eiweisses  bei  der  Faulniss  rait  Pan- 

I  creas,"  Berne,  1874,  and  articles  in  the  "  Journ.  fiir  prakt.  Chemie," 
"Journ.  fiir  physiol.  Chemie,"  and  "  Bericht.  d.  deutsch.  chemisch. 
Gesell.,"  1870-82  ;   Salkowski,  articles  in  the  "  Bericht.  d.  d.  chem.  Ges.," 

;  and  "  Zeitsch.  f.  physiol.  Chem.,"  of  the  last  year  or  two  ;  Brieger, 
"Zeitsch.  f.  physiol.  Chem.,"  ii.,  iii.,  iv.,  and  "  Zeitsch.  f.  klin.  Med.,"  iii. ; 
Gautier  and  Etard,  "  Comptes  Rendus,"  1882. 

'  The  quantity  of  oxygen  present  has  an  important  influence  on  the 
products  formed  in  bacterial  decomposition.     Pasteur  asserts  that  fungi 

\  which    grow   in   presence    of  oxygen   set  up   chiefly  oxidative    changes. 

]  Those  which  can  multiply  in  the  absence  of  oxygen  give  rise  to  non-oxi- 
dative   decompositions.       Hoppe-Seyler   ("  Ueb.    d.    Einfluss   des    Sauer- 

I  stoffes  auf  Giihrungen,"  Strasburg,  1881)   supports  this  view  by  his  ob- 

!  servation  that   when  oxygen  is  abundantly  supplied  to  the  yeast-plant 

-the  disintegration  of  sugar  into  alcohol  and  carbonic  anhydride  is  retard- 
ed, and  volatile  acid  bodies  are  produced  in  abundance.  If  bacteria  in 
an  albuminous  liquid  be  w^ell  supplied  with  oxygen,  products  like  indol, 

i  hydroparacuminic  acid,  and  sulphuretted  hydrogen  (which  are  largely 
formed  when  oxygen  is  wanting),  entirely  disappear.  The  oxygen  oxi- 
dizes them  as  they  are  produced  ;  the  primary  products  of  the  fermenta- 
tion at  once  undergo  further  change. 

!  On  pigment-producing  bacteria  see  Cohn  and  Schroeter,  "Beitrage  z. 
Biol.  d.  Pllanzen,"  vol.  i.] 

192.   Fermentation  and  putrefaction  can  only  take  place  in  the  pres- 
ence of  the  corresponding  fungi,  and  the  amount  of  decomposition  pro- 
duced depends  on  the  quantity  of  fungi  present.     It  does  not,  however, 
follow  that  each  kind  of  decomposition  is  due  to  a  single  specific  fungus, 
nor  that  one  fungus  may  not  give  rise  to  more  than  one  kind  of  decom- 
s  position.     We  cannot  as  yet  define  with  certainty  the  kinds  of  decompo- 
sition which  correspond  to  each  species  of  fungus.     We  know,  however, 
that  ordinary  putrid  decomposition  occurs  under  the  action  of  J3acterium 
\termo  j  while   Cohn  asserts  that   micrococci   do  not  give  rise  to  putrid 
cliange,  but  to  changes  of  another  kind.     The  butyric  fermentation  is 
said  to  be  chiefly  due  to  the  presence  of  Clostridium  butyricum.     An- 
thrax-bacilli generate  ammonia  in  the  nutrient  liquid.     In  most  putrefy- 
j  ing  substances  we  find  bacteria  of  several  species. 

)  Nageli  affirms  that  it  is  possible  by  cultivation  so  to  alter  the  prop- 
'  erties  of  a  bacterium  that  it  no  longer  has  the  power  to  produce  the 
,  changes  originally  associated  with  it  ;  while  it  assumes  the  power  of 
I  calling  forth  fermentations  of  a  different  kind.  Thus  the  bacterium 
which  produces  the  lactic  acid  fermentation  may,  he  says,  be  cultivated 
m  saccharated  extract  of  meat  in  such  a  way  that  at  first  it  produces  in 
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milk  an  ammoniacal  decomposition  only  ;  and  it  does  not  resume  its 
power  of  generating  lactic  acid  until  after  several  generations.  If  this 
be  so  we  may  perhaps  infer  that  within  certain  limits  the  physiological 
properties  of  a  bacterium  may  be  transmuted  ;  or  at  least  that,  by  change 
of  condition,  one  or  other  of  several  potential  functions  may  be  called 
into  activity.     The  facts  have  not,  however,  been  sufficiently  confirmed. 

[We  have  said  that  fermentation  and  putrefaction  are  always  due  to 
fungi  ;  but  we  do  not  thereby  deny  that  other  kinds  of  decomposition 
may  affect  organic  substances  in  which  fungi  play  no  part.  Such 
changes  do  in  fact  occur.  They  usually  take  the  form  of  slow  oxidation 
or  combustion,  in  which  carbonic  anhydride,  water,  and  (in  nitrogenous 
substances)  ammonia,  are  formed.  Such  slow  changes  are  set  up  when 
organic  matters  are  in  contact  with  water  and  atmospheric  air.  They 
also,  of  course,  occur  in  the  living  organism.  In  dead  organic  matters 
the  process  corresponds  in  part  to  what  is  called  "  dry  rotting "  or 
"  mouldering." 

Brieger  ("  Zeitsch.  f.  klin.  Med.,"  iii.)  thinks  that  the  various  aromatic 
products  of  the  putrefaction  of  albumen  are  equally  well  obtained 
whether  it  is  set  up  by  the  addition  of  sewer-mud  or  of  pancreas.  The 
essential  factors  are  the  duration  of  the  putrefactive  process,  the  tem- 
perature, and  the  amount  of  oxygen  present.  The  albuminoids  undergo 
the  same  changes  in  the  intestine  as  they  do  in  artificial  putrefaction 
brought  about  outside  the  body.  The  same  series  of  changes  are  also 
set  up  in  putrid  pleurisy  and  bronchitis,  and  in  pulmonary  gangrene.] 

193.  Bacteria  •without  and  -within  the  "body.  If  the  facts 
already  cited  be  duly  considered,  it  will  appear  very  probable  d  priori 
that  the  diffusion  of  the  bacteria  is  enormously  wide.  Matters  on  which 
they  can  grow  and  thrive  are  found  almost  everywhere.  We  might 
especially  expect  to  find  them  wherever  dead  organic  substances  occur, 
either  in  solution  or  at  least  associated  with  a  certain  amount  of  water. 
This  expectation  is  fully  confirmed  by  experience.  Bacteria  are  found  in 
all  waters,  whether  flowing  or  stagnant,  in  all  liquids  that  can  ferment  or 
putrefy,  and  in  all  vegetable  and  animal  tissues  that  are  sufficiently  moist. 

Koch's  researches  have  shown  that  the  surface  soil  or  mould  is  extra- 
ordinarily rich  in  bacterial  germs.  It  is  surprising  to  learn  that  these 
are  chiefly  the  germs  of  bacilli  ;  but  micrococci  are  also  found.  In  soils 
soaked  with  midden-runnings  the  micrococci  are  more  numerous  than  the 
bacilli.  If  the  soil  become  very  dry,  the  micrococci  disappear  while  the 
bacilli  persist.  This  is  due  to  the  fact  that  the  resting-spores  of  bacilli 
are  very  tenacious  of  life.  The  micro-organisms  present  diminish  rapidly 
as  we  go  deeper.  At  the  depth  of  a  metre  tliey  seem  entirely  absent. 
Spring-water  coming  from  a  depth  contains  hardly  any. 

But  we  have  by  no  means  exhausted  the  field  of  their  distribution. 
When  liquids  containing  fungi  are  violently  shaken  or  broken  into  spray. 
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the  fungi  pass  into  the  air.  This  happens  also  when  such  a  liquid  dries 
up  or  when  a  solid  nutritive  substance  is  broken  up  or  disintegrates.  If 
in  the  latter  cases  no  substances  are  present  which  agglutinate  the  bac- 
teria into  a  compact  mass,  they  may  pass  into  the  air  in  immense  num- 
bers.    Owing  to  their  extreme  smallness  and  lightness  (Nageli  estimates 

i  the  weio-ht  of  small  moist  bacteria  at  one  ten-thousand-miliionth  (10-'°) 
of  a  milligramme)  they  are  carried  about  by  the  faintest  breath  of  air. .  In 

I  this  way  they  must  of  course  very  often  reach  and  rest  on  bodies  which 

!  can  offer  them  no  nutriment.  But  they  must  also  often  fall  on  a  fit  soil, 
and  then  proceed  to  grow  and  multiply  afresh.  Circumstances  in  gen- 
eral are  in  fact  so  favorable   to  the  bacteria,  that  we  find  them  or  their 

I  germs  almost  everywhere  ;  but  chiefly  where  the  presence  of  organic 
matters,  moisture,  and  warmth  go  to  favor  their  multiplication. 

[Nageli  ("Die  niederen  Pilze,"  Munich,  1877)  asserts  that  fungi  can 

only   pass    into    the    air  when    their    nutrient    liquids    dry    up.      Soyka 

("  Miinch.  acad.  Sitzungsber.,  math.-phys.  CI.,"  1871)  has  shown,  that  bac- 

i  teria  may  be  swept  out  of   liquids  that  contain    them   by  gentle   air-cur 

1  rents.     Buchner  ("  Ueb.  d.  Beding.  d.  Ueberganges  von  Pilzen  in  d.  Luft 

j  u.  lib.  d.  Einathmung  derselben,  Zur  Aetiol.  d.  Infectionskrankh.,"  Mu- 

'  nich,  1881)  disputes  Soyka's  conclusions.      He  maintains  that  even  strong 

currents  of  air  are  insufficient  to  sweep  bacteria  from  a  liquid  ;  and  that 

even  in  the  case  of  dried-up  masses  containing  fungi,  the  fungi  are  not 

set  free  unless  the  surface  is  actually  broken.     Ziegler  agrees  rather  with 

Buchner's  view. 

Nageli  further  thinks  that  very  slight  upward  air-currents  are  enough 

!to  prevent  floating  bacteria  from  settling  down.     The  condensed  watery 

i  vapor  that  surrounds  them  tends  to  maintain  their  buoyancy.     Friction 

also  retards  their  fall.      See  Soyka,  "  Ueb.  Canalgase  als  Verbreiter  epi- 

'  dem.  Krankh.,"  and  "Ueb.  Richtung  und  Starke  d.  Luftzuges  in  Sielen, 

Deutsche  Viertelj.  f.  offent.  Gesundh.,"  x*v,,  1882  ;  and  "Ueb.  d.  Natur 

■  und  d.  Verbreitung  d.  Infectionserreger,  Zur  Aetiol.  d.  Infectionskrankh.," 

Munich,  1881  ;  Nageli,  "Untersuch.  tib.  nied.  Pilze.,"  Munich,  1882. 

*'     Wernich  ("  Cohn's  Beit.  z.  Biol.  d.  Pflanzen,"  iii.)  has  shown  that  air- 

I  currents  may  sweep  off  bacteria  from  moist  fungus-masses  adhering  to  the 

';  surface  of  solid  bodies.     Researches  on  the  bacteria  and  bacterial  germs 

found  in  the  air  have   been   published   by  Cohn    (?oc.  C27.),  Miquel  ("  Des 

,  bacteries   atmospheriques,"    "  Gaz.    med.    de  Paris,"  30,  1880),  Wernich 

|("Virch.  Arch.,"  vol.    Ixxix.),  Tyndall   ("Floating-matter  of  the  Air," 

'London,   1881);  Cunningham  ("Microscopic  Exam,   of  Air,"  Calcutta, 

j  1874)  gives  an  excellent  summary  of  previous  observations.     On  bacteria 

I  and  their  germs  in  the  soil,  see  Koch  [loc.  cit.),  and  Ceci  ("Arch.  f.  exp. 

I  Path.,"  XV.).] 

■      194.   Consideration  of  the  wide-spread  occurrence  of  the  bacteria  and 
J  their  peculiar  vital    properties   will    already   have   raised    the   question 
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whether  these  micro-organisms  may  not  have  the  power  of  exciting  more 
or  less  grave  disturbances  in  the  human  system,  provided  they  obtain  an 
entrance  into  it.  We  have  seen  that  almost  all  fluids  contain  bacteria  or 
their  germs,  unless  they  are  actually  poisonous  or  are  "  sterilized  "  by 
appropriate  means,  such  as  by  boiling.  Micro-organisms  are  also  fre- 
quently found  in  solid  organic  matters.  In  view  of  this  it  would  seem 
that  we  cannot  avoid  swallowing  numbers  of  bacteria  with  our  food. 
Moreover,  we  frequently  eat  articles  which  are  in  a  state  of  partial  pu- 
tridity or  fermentation  (such  as  cheese  and  milk)  ;  in  this  state  they  of 
course  contain  numerous  bacteria.  The  alimentary  tract  must  thus  be 
reached  by  enormous  multitudes  of  bacteria,  together  with  the  products 
of  decomposition  which  they  set  up. 

This  is,  however,  by  no  means  the  only  way  in  which  we  come  into  in- 
timate relation  with  these  organisms.  The  air  always  contains  a  greater 
or  lesser  number  of  them.  In  breathing  we  draw  them  into  the  lungs, 
and  they  settle  in  the  bronchi  or  alveoli. 

Lastly,  all  parts  exposed  to  the  air  come  into  contact  with  bacteria, 
the  unwounded  skin  as  well  as  the  wounded  or  abraded  skin. 

What  becomes  of  all  these  organisms  ?  The  greater  number  un- 
doubtedly pass  out  of  the  body  again.  It  is  hardly  possible  that  any  can 
penetrate  into  the  deeper  tissues  through  the  uninjured  skin.  Those 
which  settle  on  the  mucous  membranes  are  certainly  for  the  most  part 
not  absorbed,  but  are  thrown  off  after  a  longer  or  shorter  time.  This  is, 
however,  not  always  the  case.  Experience  shows  that,  in  special  circum- 
stances, bacterial  invasion  of  the  system  may  actually  start  from  the  mu- 
cous membrane. 

What  is  the  exception  in  the  case  of  mucous  membranes  is  the  rule  in 
the  case  of  matters  inhaled  into  the  lungs.  Experiment  shows  that  fine 
corpuscular  or  particulate  matters  are  very  quickly  taken  up  by  the 
lymphatic  capillaries  of  the  lungs,  and  are  so  carried  into  the  lymphatic 
glands,  or  it  may  be  into  the  Wood.  Wounded  surfaces  are  in  like  man- 
ner quick  to  absorb  such  corpuscular  bodies. 

Resuming  what  we  have  said,  we  may  put  it  generally  that  bacteria 
of  various  forms  may  reach,  not  only  the  surfaces  of  the  body  which  are 
directly  accessible  from  without,  but  also  at  times  the  deeper  structures, 
if  circumstances  favor  their  penetration. 

[The  question  whether  bacteria  occur  in  the  healthy  body  seems  5 
easily  answered  from  such  general  considerations,  though  it  is  one  which  t 
has  been  much  disputed.  Bacteria  are  perpetually  entering  the  body  ' 
with  the  food  we  eat  and  the  air  we  breathe.  They  must,  therefore,  be  3 
at  times  found  in  the  tissues,  especially  in  places  where  access  is  direct.  . 
The  fact  that  they  are  not  easy  to  demonstrate  is  readily  explained.  It  i 
must  be  only  a  small  number  that  can  multiply  in  the  tissues  they  have 
penetrated;  the  majority  must  quickly  perish.  See  Nencki,  "Journ.  f. 
prakt.  Chemie,"  1879  ;  Weissgerber  and  Perls,  "  Arch.  f.  exp.  Path.,"  vi.j 
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Rosenbach,  "  Deutsche  Zeitsch.  f.  Chir.,"  xiii. ;  Leube,  "  Zeitsch,  f.  klin. 
Med.,"  iii.;  Sternberg,  "Stud.  Biol,  Lab.,"  Baltimore,  1881;  Lister, 
"  Trans.  Roy.  Soc.  Edin.,"  1875.  Leube,  Lister,  Roberts,  and  others  have 
been  unable  to  find  living  bacteria  in  healthy  urine.  This  would  indi- 
cate that  the  greater  part  of  the  bacteria  which  penetrate  into  the  body 
are  destroyed.] 

195.  If  the  bacteria  were  inert  corpuscular  elements,  incapable  of 
multiplication,  we  should  have  little  more  to  say  concerning  their  signifi- 
cance to  the  human  organism.  We  should  merely  have  to  point  out  that 
they  are  in  part  taken  into  the  body  at  certain  points,  are  carried  about 
hither  or  thither  within  it,  are  deposited  here  or.  there  as  innocuous 
(Substances,  and  sooner  or  later  are  destroyed  or  cast  out  again  through 
the  liver,  kidney,  or  other  secreting  organ.  As  a  fact  this  is  what  really 
happens  with  regard  to  some  of  the  bacteria.  Even  when  they  pass 
through  the  bronchial  glands  from  the  lungs  into  the  blood,  they  have 
jno  more  significance  than  any  other  like  minute  foreign  matters,  such  as 
occasionally  circulate  in  the  blood  without  causing  disturbance.  These 
are  simply  deposited  and  destroyed,  or  excreted.  Thus  the  Micrococcus 
.luteus  may  be  introduced  in  considerable  quantity  beneath  the  skin  of  a 
rabbit,  without  inducing  any  serious  affection  either  of  the  tissue  or  of 
the  system  generally.  The  bacteria  which  are  thus  innocuous  may  easily 
be  indicated  from  previous  considerations.  They  are  such  as  cannot  find 
i within  the  human  body  the  conditions  favorable  to  their  development. 
i  This  is  unfortunately  not  the  case  with  all  bacteria.  There  are  some 
which  find  their  appropriate  soil  in  the  perfectly  healthy  organism,  and 
in  it  they  grow  and  multiply.  Others  are  unable  to  settle  in  a  perfectly 
jhealthy  body  ;  they  can  only  develop  when  the  physico-chemical  consti- 
tution of  the  tissues  is  morbidly  altered  so  as  to  correspond  with  their  re- 
quirements. 

I  The  forms  of  bacteria  that  have  the  power  of  gravely  affecting  the 
"system,  whether  it  be  healthy  or  diseased,  are  described  as  pathogenous 
bacteria. 

|.  [It  is  manifest  from  the  above  that  the  determination  of  the  vital 
iiproperties  and  conditions  of  the  different  bacteria  is  a  matter  of  the 
greatest  importance.  This  knowledge  would  enable  us  to  combat  earlier 
the  development  of  bacterial  disease,  and  the  injury  it  produces.  It 
would  further  give  us  the  necessary  hints   for  preventing  its  invasion  ; 

jfor  we  should  know  where  to  seek  the  bacteria  and  how  to  destroy  them 
I     ■  ... 

jor  render  them  harmless.  Our  knowledge  in  this  respect  is  unfortu- 
nately still  defective.  There  are  but  few  species  of  bacteria  whose  life- 
history  we  know  with  any  exactness  of  detail.] 

196.  The  factors  which  determine  the  invasion  and  the  course  of  de- 
velopment of  bacteria  within  the  human  body  are  two.     On  the  one 
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hand,  the  bacteria  must  be  endowed  with  certain  vital  properties  of  a 
special  kind  ;  on  the  other  hand,  there  must  be  a  predisposition  on  the 
part  of  the  system. 

Our  present  knowledge  does  not  yet  allow  us  to  specify  accurately  the 
properties  which  an  infective  bacterium  must  possess.  We  can  only  say 
in  general — that  it  must  find  within  the  body  and  in  proper  combination 
all  the  conditions  necessary  for  its  growth  and  multiplication.  Thus  the 
temperature  of  the  body  must  be  such  as  favors  its  development  ;  it  must 
be  able  to  abstract  fit  nutriment  from  the  tissues  in  which  it  settles  ;  it 
must  nowhere  encounter  substances  which  check  or  injure  it. 

Investigations  into  the  bacterial  affections  have  shown  that  very 
slight  chemical  changes  in  the  constitution  of  a  tissue  are  often  enough 
to  determine  whether  a  given  bacterium  can  develop  in  the  tissue  or  not. 
In  other  words,  the  significance  of  this  factor  of  predisposition  is  greater 
than  it  may  have  appeared  at  first  sight.  Now  and  then,  of  course,  the 
predisposition  is  due  to  very  obvious  alterations  in  the  tissues.  For  in- 
stance, we  find  that  many  cases  of  bacterial  invasion  depend  on  the  for- 
mation of  a  local  necrosis  or  wound,  in  which  the  fungus  can  settle  and 
develop.  In  other  cases  some  grave  disturbance  of  the  circulation  may 
lead  to  a  failure  of  resistance  on  the  part  of  the  tissue.  These  instances 
are,  however,  matched  by  others  in  which  the  anatomical  basis  of  the  pre- 
disposition is  beyond  our  power  to  discover.  We  know,  for  example, 
absolutely  no  reason  why — of  two  individuals  exposed  to  the  infection  of 
measles,  scarlatina,  small-pox,  typhus,  or  tuberculosis — the  one  should  be 
taken  with  the  disease  and  the  other  left.  The  factors  which  decide  the 
matter  in  such  cases  are  plainly  such  as  at  present  escape  our  notice, 
either  from  their  apparent  slightness,  or  because  they  are  not  such  as  our 
tests  can  discover.  Yet  they  doubtless  consist  in  very  real  and  very  spe- 
cial differences  in  the  condition  of  the  tissues.  Many  of  the  bacteria  can 
only  come  to  development  within  the  human  body  on  rare  occasions,  as 
their  usual  habitat  is  without  it.  Others  only  meet  with  fit  conditions 
for  their  existence  and  growth  within  the  body,  and  do  not  multiply  at 
all  without  it. 

[The  respective  parts  played  by  the  inherent  properties  of  the  bacte- 
rium and  the  predisposition  of  the  tissues  to  invasion  have  been  illus- 
trated by  many  observations  both  clinical  and  experimental.  If  a  mass 
of  bacteria  of  different  forms  be  introduced  into  an  animal's  body,  some 
of  the  forms  develop  and  lead  to  certain  tissue-changes,  others  perish  in- 
ert. If  a  similar  mass  be  injected  into  an  animal  of  a  different  kind,  the 
bacteria  which  develop  are  not  the  same  as  in  the  first  instance.  Koch 
("  Aetiologie  der  Wundinfectionskrankheiten,"  Leipzig,  1878,  "  Trau- 
matic Infective  Diseases,"  London,  1880)  has  shown  that  there  is  a  fungus 
which  brings  certain  death  to  one  species  of  mouse,  while  it  is  entirely 
inactive  when  introduced  into  another  species  of  mouse.  Mice  are 
highly  susceptible  to  the  infection  of  anthrax  ;  rats  enjoy  an  almost  per- 
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feet  immunity.  The  poison  of  "  rabbit-septicsemia "  kills  rabbits  and 
mice  with  unfailing  certainty  ;  guinea-pigs  and  rats  are  unaffected  by  it  ; 
sparrovvs  and  pigeons  again  are  highly  susceptible.  The  spirillum  of 
human  relapsing  fever  will  develop  only  in  monkeys  among  the  lower  ani- 
mals. Animals  of  the  same  species,  but  differing  in  age,  have  different 
degrees  of  susceptibility.  Young  dogs  are  easily  infected  with  anthrax, 
old  ones  are  not  (Koch).  We  cannot  at  all  tell  on  what  circumstances 
immunity  of  this  kind  can  possibly  rest.  Similar  examples  are  easily  ob- 
tained (Arts.  204,  206).  The  majority  of  the  infective  disorders  are  in 
fact  limited  each  to  a  few  species  of  animals  or  to  a  single  one. 

Differences  also  exist  in  respect  of  the  diffusion  of  the  bacteria  through 
the  body.  The  fungus,  which  in  one  kind  of  animal  brings  about  a  fatal 
general  disease,  may  in  others  produce  a  merely  local  and  non-fatal  dis- 
turbance. Even  the  point  of  entrance  of  the  bacteria  into  the  body  has 
its  importance.  A  rabbit  inoculated  with  bacteria  in  the  back  of  the 
neck  may  die,  while  inoculation  of  the  ear  is  followed  by  a  simple  local 
affection. 

Rossbach  has  quite  recently  announced  ("  Centralb.  f.  med.  Wiss.,"  5, 
1882)  that  injection  of  papayotin  into  the  vessels  is  followed  by   a  rapid 
development  of  micrococci  in  the  blood,  so  that  in  two  hours  the  blood 
i  in  the  heart  is  found  to  be  swarming  with  them.      If  this  observation  be 
;  confirmed,  it  would  seem  to  show  that  the  composition  of  the  blood  is  so 
altered  by  the  unorganized  vegetable  ferment  that  germs  can  proceed  to 
develop  in  it  which  before  were  unable  to  do  so.     In  other  words,  that 
1  the  action  of  a  chemical  substance  has  called  forth  a  special  predisposi- 
tion. 

Rosenberger  ("  Centralb.  f.  med.  Wiss.,"  4  and  41,  1882)  observed  a 

like  result  after  the  injection  of  sterilized  septic  blood.      The  animals  died 

of  septicaemia,    bacteria  being  developed.     If  the   injected   liquid  were 

(  really  sterilized,  we  can  only  interpret  the  observation  as  showing  that 

,  the  septic  matter  so  altered  the  blood  and  liquids   of  the  animals  as  to 

,  make  them  predisposed  for  the  development  of  micro-organisms.     The 

experiments  do  not,  however,  seem  quite  free  from  objection.     In  1869 

Semner  communicated  similar  results,  which  he  obtained  with  the  use  of 

sepsin  prepared  from  yeast  ("  Viertelj.  f.  wiss.  Veterin.,"  xxxii.). 

I  ■'     Boser  maintains  that  the  most  essential  condition  for  the  settlement 

of  bacteria  in  the  body  is   their  adaptation   to  the  quantum  of  mineral 

salts  present  in  the  blood  and  tissues.     This  can  hardly  be   a  sufficient 

condition.] 

197.  The  healthy  organism  is  always  beset  with  a  multitude  of  non- 
pathogenous  bacteria.  They,  occupy  the  natural  cavities  accessible 
from  without,  and  especially  the  alimentary  canal.  They  feed  on  the 
substances  lying  in  their  neighborhood,  whether  brought  into  the  body  or 
secreted  by  the  tissues.  In  so  doing  they  set  up  chemical  changes  in  these 
substances. 
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While  the  organs  are  acting  normally,  these  fungi  work  no  mischief 
to  the  tissues  in  which  they  lie,  or  to  the  system  generally.  The  products 
of  decomposition  set  up  by  such  non-specific  micro-organisms  are  either 
harmless,  or  are  conveyed  out  of  the  body  before  they  begin  to  be  active. 

Settlements  of  this  kind  may,  however,  become  of  importance  if  the 
bacteria  proceed  to  develop  to  any  unusual  extent.  This  happens  when 
the  contents  of  the  natural  cavities  in  question  remain  unchanged  for  any 
great  length  of  time,  or  when  (as  in  catarrh)  the  normal  secretion  under- 
goes some  alteration.  The  products  of  bacterial  fermentation  may  then 
accumulate  to  an  excessive  amount,  and  products  may  also  be  formed 
which  do  not  normally  occur.  Thus,  when  the  contents  of  the  stomach 
are  not  passed  on,  and  become  as  it  were  stagnant,  an  abnormally  acid 
fermentation  may  be  set  up.  If  the  chyme  is  retained  over-long  in  the  small 
intestine,  the  aromatic  products  of  albuminoid  putrefaction  will  gather 
in  excessive  quantity.  So,  too,  we  may  have  decomposition  in  the  stag- 
nating secretions  of  the  bronchi,  prepuce,  etc.  All  these  changes  react 
harmfully  on  the  tissues  and  may  set  up  inflammation,  not  unfrequently 
ending  in  suppuration  and  necrosis.  Moreover,  the  system  in  general 
may  suffer  by  absorption  into  the  blood  of  the  soluble  products  of  de- 
composition. 

The  latter  contingency  is  not  to  be  lightly  regarded.  Though  we 
may  partake  with  impunity  of  many  fermenting  or  decaying  substances  as 
food,  we  must  not  think  that  all  the  products  generated  by  the  non-patho- 
genous fungi  are  equally  harmless.  Highly  poisonous  substances  are 
formed  in  many  of  the  bacterial  decompositions.  One  of  the  most 
speedily  fatal  of  diseases,  septicsemia,  is  due  to  poisoning  of  the  system 
with  the  products  of  bacterial  putrefaction,  or  sepsis.  Cadaveric  poison, 
the  poison  of  decaying  fish,  sausage,  cheese,  mussels,  etc.,  are  very 
probably  the  chemical  products  of  special  forms  of  putrefaction.  We  un- 
fortunately know  but  little,  in  some  cases  we  know  nothing,  of  the 
substances  which  have  this  poisonous  character.  Bergmann  and  Schmiede- 
berg  have,  it  is  true,  prepared  their  so-called  "  sepsin,"  and  Panum  his 
"putrid  poison,"  from  decaying  substances  ;  but  we  do  not  know  the 
composition  of  these  bodies,  and  they  are  certainly  not  the  only  poisons 
of  the  kind. 

Putrid  or  septic  poison  may  be  absorbed  by  wounds  as  well  as  by  mu- 
cous surfaces.  Septicsemia,  which  has  just  been  cited  as  an  instance  of 
septic  poisoning,  is  generally  due  to  wound-infection.  It  is  due  to  the 
absorption  of  products  of  bacterial  decomposition  formed  in  a  wound  con- 
taminated by  bacteria  (Art.  204).  This  is  especially  apt  to  happen  when 
necrosed  tissue  exists  in  the  wound,  for  this  affords  the  bacteria  a  suit- 
able soil  for  their  development. 

[The  poisonous  action  of  putrid  matters  is  fully  discussed  by  Hiller  in 
"  Die  Lehre  von  der  Faulniss,"  Berlin,  1879.  He  gives  full  references  to 
the  literature  of  the  subject.     Hiller  lays  special  stress  on  the  fact  that 
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in  the  septic  process  it  is  not  simplj  the  bacteria  themselves  that  do 
mischief,  it  is  the  products  of  their  action  which  act  so  as  profoundly  to 
alter  or  even  to  destroy  outright  the  tissues  exposed  to  them.  If  the  in- 
fection become  generalized,  it  is  almost  always  due  to  intoxication  of  the 
system  with  unorganized  chemical  substances. 

Panum's  paper  just  alluded  to  is  in  "Virch.  Arch.,"  vol.  Ix. ;  Berg- 
mann's  is  a  work  called  "Das  putride  Gift  und  die  putride  Intoxication,'" 
Dorpat,  1866.  Wolff  ("  Virch,  Arch.,"  vol.  Ixxxi.)  has  lately  taken  up  the 
question.  On  the  absorption  of  putrid  matters  by  the  alimentarj'  canal, 
see  Salkowski,  "  Centralb.  f.  med.  Wiss.,"  46,  1876,  and  "Berichte 
d.  chem.  Gesells.,"  x.,  1877  ;  Nencki  and  Brieger,  ibid.;  Brieger, 
"Zeitsch.  f.  phys.  Chem.,"  ii.,  "  Zeitsch.  f.  klin.  Med.,"  iii.;  Bollinger, 
"Ueber  Fleischvergiftung,  intestinale  Sepsis,  und  Abdominal-typhus, 
Zur.  Aetiol.  d.  Infection,"  Munich,  1881. 

It  is  possible  that  harmless  colonies  of  bacteria  may  become  danger- 
ous if  they  are  removed  from  their  normal  seat  to  other  regions.  Thus 
the  saliva,  when  it  contains  bacteria,  may  excite  violent  inflammation  if 
it  reaches  the  bronchi  or  alveoli  of  the  lungs.] 

198.  Pathogenous  bacteria  have  the  power  of  settling,  not  merely 

in  the  ingesta  and  secretions  or  in  dead  tissue,  but  also  in  living  tissue. 

I  This  happens  chiefly  in   the  mucous   membranes  and  in  the   lungs.     The 

uninjured  skin  is  protected  against  invasion  by  the  horny  epidermis. 
j        Many  of   the   bacteria  can  settle  in  perfectly  healthy    mucous  mem- 
■  branes.     In  the  case  of   others  we  must  imagine  that   they  do  not   find  a 
'  proper  soil  for  their  development,  unless  the  mucous  membrane  is  injured 
or  altered.     Of  course,  injury  or  alteration  of  this  kind  may  serve  to  make 
;  the  outer  skin,  or  any  other  accessible  tissue,  the  starting-point  of  a  bac- 
I  terial  invasion   (wound-infection).     All  that  is  necessary  is  that  a  bacte- 
'  riura  should  reach  a  spot  that  affords  the  conditions  for  its  development. 
If  this  occur,  it  multiplies  and  forms  colonies  or  swarms.     These  may,  ac- 
j  cording  to  the  species  of  the  fungus  and  the  nature  of  its  soil,  remain  in 
'  aggregation  forming  heaps  or  masses,  or  may  spread  through  the  tissues. 
Such  a  settlement  is   never  without   effect  on   the  affected   tissues.     The 
'  bacteria  may  force  their  way  into   the  substance  of  the  constituent   ele- 
ments, and  especially  into  the  tissue-cells,  which  are  sometimes  found  ta 
be  crammed  with  bacteria. 

The  effect  of  the  invasion  is  not  always  at  once  apparent,  even  under 

the  microscope.     The  cells  attacked  by  the  fungi  often  appear  quite  unin- 

?  jured  ;  in   other   instances   they  are   seen  to  be   altered.     The   epithelial 

5  cells  swell  up  (Fig.  76,  c)   and  liquefy,  or  degenerate  into  flaky  homoge- 

,neous  lumps,  or  turbid  denucleated  masses.     Often  they  break  down  into 

granular  detritus.     The  nucleus  is  broken  up,  or  swells   and   disappears 

(Fig.  76,  c).     The  fibrous  elements  of  the  connective  tissue   degenerate 

jlike  the  epithelial  cells.     The  ground-substance  alters  at  the  same  time. 

I  It  becomes  turbid,  loses  its  structure,  and  ultimately  dissolves. 
1    ^  19 
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In  general  terms  we  may  say — that  local  settlements  of  bacteria  will 
sooner  or  later  bring  about  degeneration  and  necrosis  of  the  affected  tis- 
sue. When  this  may  occur,  and  how  widely  it  may  spread,  are  circum- 
stances depending  on  the  nature  of  the  bacteria  and  of  the  tissue. 

The  processes  we  have  considered  are  not  without  their  influence  on 
the  circulation.  The  direct  action  of  the  bacteria,  and  the  influence  of 
the  chemical  changes  they  set  up,  tell  at  length  on  the  vessel-walls  within 
the  affected  region.  The  result  is  to  disturb  the  circulation  in  various 
ways,  chiefly  in  the  way  of  inflammatory  exudation  and  hemorrhage.  In 
some  instances  the  circulation  is  stopped  altogether,  and  the  preservation 
of  the  affected  tissue  is  then  impossible. 


Pig.  76. — Section  containing  Colonies  of  Micrococci  from  the  Vocal  Cord  of  a  Child,     x   200.    a,  epithe- 
lium ;  b,  connective  tissue  of  the   mucous  membrane ;  c,  swollen  degenerated  and  denucleated   epithelial 
cells  ;  d,  layer  of  micrococci ;  e,  inflammatory  small-ceUed  infiltration  of  the  degenerated  epithelium  and  of       jj 
the  fibrous  structures.  || 

The  inflammatory  process  set  up  by  bacterial  action  (Fig,  76,  e)  may 

be  of  very  different  intensity  and  extent  in  different  cases.     It  may  be 

slight  and  transient,  or  it  may  be  severe  and  issue  in  suppuration  and 

necrosis.     Not  unfrequently  a  more  or  less  perfect  granulation-tissue  is 

formed  as  a  result  of  the  inflammation,  as  in  tuberculosis.     The  extrava- 

sated  cells  often  take  up  the  bacteria  into  their  substance. 

.  .  .  f 

199.   The  inflammation  excited  by  the  presence  of   bacteria  often  re- 
sults in  a  great  aggregation  of  living  cells  in  the  tissue  affected.      These 
may  so  act  as  to  repel  the  continued  advance  of  the  fungi,  which  straight-      , 
way  perish,   and  the  affection  issues  in  healing  and  cicatrization.     The       't| 
fixed  tissue-cells  of  the  region  may  likewise  act  so  as  to  check  the  devel- ! 
opment  of  the  bacteria,  and  may  further  suffice  to  make  up   any  loss  of  i 
tissue  by  their  regenerative  activity.      If  this  does  not  happen   the  bacte- 
rial invasion  continues  to  advance. 

The  bacteria  spread  first  into  the  surrounding  tissues,  passing  along  i       | 
the  natural  lines  of  division.     Then  they  break  into  the  lymphatics,  and       '' 
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often  into  the  blood-vessels  also.  If  they  can  live  in  lymph  or  blood 
they  go  on  multiplying  ;  if  not  they  perish.  Many  bacteria,  like  the 
micrococcus  of  erysipelas,  flourish  best  in  the  lymphatics.  Others,  like 
the  anthrax-bacillus,  are  more  at  home  in  the  blood. 

The  extent  to  which  the  bacteria  can  spread  within  the  lymphatic 
I  system  is  subject  to  no  general  rule.  Many  of  them  make  a  halt  at  the 
first  gland  they  come  to.  Others  pass  beyond,  and  finally  reach  the 
blood-vessels  by  way  of  the  thoracic  duct.  Their  path  is  generall}' 
marked  by  degenerative  and  necrotic  changes,  and  by  the  inflammatory 
reaction  they  excite.  The  degree  and  amount  of  these  changes  are  de, 
termined  partly  by  the  nature  of  the  bacteria,  partly  by  their  number. 

They  reach  the  blood  either  through  the  lymphatics  or  directly.  In 
the  latter  case  the  walls  of  the  veins  in  the  invaded  region  are  penetrated 
by  the  fungi,  or  they  pass  into  the  veins  from  the  capillaries.  Once  in 
the  current  they  are  carried  on  by  it  to  remote  parts.     Many  of  them 


Fig.  77.  Fig.  78. 

Fig.  77. — Micrococcus  Septicus  in  Hepatic  Capillaries  ;  Necrosis  of  the  Liver-cells,      x  350. 
Fig.  78. — Bacillus  Anthracis ;  Liver-cells  unaffected,      x  350. 

perish  in  the  blood,  others  again  increase  and  multiply.  Of  the  lf,» 
I  some  (anthrax-bacillus)  thrive  best  in  blood  that  is  flowing ;  others  (tu 
bercle-bacillus,  pyaemic  micrococcus)  prefer  blood  that  is  at  rest,  that  i 
to  say,  they  only  grow  when  they  have  come  to  a  standstill  in  some  ve 
nule  or  capillary.  It  depends  on  the  properties  of  the  fungus,  which  oi 
these  events  takes  place  ;  just  as  do  the  changes  it  calls  forth  in  the 
course  of  its  multiplication. 

The  tissue-changes  are  the  slightest  in  the  case  of  bacteria  which  cir- 
culate and  multiply  in  the  blood  (Fig.  78).  Bacteria  which  settle  in  the 
smaller  vessels  give  rise,  on  the  other  hand,  to  degenerations,  necroses 
(Fig.  77  and  Fig.  79,  e),  inflammations  (Fig.  79,  d,  e),  and  hemorrhages. 

The  spot  where  a  lodgement  takes  place  is  mostly  matter  of  chan&s  ; 

j  but  it  is  to  be  noted  that  a  bacterium  may  not  be  able  to  settle  in  every 

S  spot  indifferently.      One  part  of  the  vascular  system  may  be  more  fayoira- 

ble  to  it  than  another.      Many  bacteria  remain    and  multiply  within   ^he 

1  vessels.      Others  escape  from  them,  and  when  the  surrounding  tissue  is 

!  suitable  they  may  multiply  in   it,  and   set  up   changes  resembling  those 
produced  at  the  point  of  first  invasion  (as  in  tuberculosis). 
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[References  :  Frisch,  "Exp.  Studien  liber  d.  Verbreitung  der  Faulniss- 
organismen  in  d.  Geweben,"  Erlangen,  1874  ;  Koch,  "Traumatic  Infec- 
tive Diseases  "'  (Syd.  Soc),  London,  1880  ;  Perls,  "Lehrb.  d.  allg.  Path.,"  ii. 

We  should  mention,  with  regard  to   the  spread  of   bacterial  infection 
within  the  system  that  the  mode  of  invasion  and  the  number  of  the  fungi  ; 
present  are  points  of  importance.     If  mice  or  guinea-pigs  be  inoculated 


Fig.  79. — Hepatic  Abscess ;  flrst  stage,     x  40.    (Bismarck-brown  staining.)   a,  normal  lobules ;  6,  necrosed 
lobules;  c.  capillaries  filled  with  micrococci ;  d.  small-celled  infiltration  of  the  periportal  tissue  ;  e.  aggrega-    ' 
tion  of  small  round-cells  in  a  vein,  into  wiiich  opens  an  intra-lobular  venule  crammed  with  micrococci. 

beneath   the   skin   with   a  few  oedema-bacilli,   the   resulting   affection  is 
merely  local.      If  the  bacilli  be  numerous  the  animals  die  of  a  general  dis- 
order.    The  bacilli  of  anthrax  and  those  of  "  rabbit-septicasmia"  may  be  3 
injected  in   small   quantity  into   the   ear  of   a  rabbit  without  causing  its  s 
death.      In  the  quantity  ordinarily  used  in  inoculative  experiments  they   ' 
are  always  fatal.] 


200.   The  facts   just   given  (Arts.    198,    199)  regarding  the  spread  of 
bacterial   infection  within   the   system   are  derived  from  observations  on 
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pyaemia,  erysipelas,  anthrax,  and  tuberculosis.  The  greater  number  of 
the  diseases  now  referred  by  many  to  the  action  of  bacteria  (such  as  ty- 
phoid, relapsing  fever,  diphtheria,  the  exanthemata,  croupous  pneumonia, 
acute  atrophy  of  the  liver,  cholera,  etc.)  are  as  yet  too  little  known  to  en- 
able us  to  give  the  corresponding  details  for  them.  We  do  not  exactly 
know  how  the  poison  finds  entrance,  where  it  is  multiplied,  and  in  what 
manner  it  spreads.  We  only  know  that  in  these  affections  we  find  at 
<!ertain  times  in  the  blood  or  tissues  definite  bacterial  forms  ;  and  we  be- 
lieve that  they  are  the  exciting  cause  of  the  disease.  If  this  belief  be 
correct,  we  must  admit  that  many  kinds  of  bacteria  have  the  power  to 
penetrate  into  the  blood  and  other  juices  without  leaving  any  traces  at 
the  point  of  entrance.  This  supposition  is  confirmed  by  the  fact  that  in 
anthrax  we  are  often  unable  to  detect  the  point  of  entrance  of  the  bacilli. 
In  the  case  of  these  diseases  we  must  likewise  assume,  as  in  the  case  of 

he  others,  that  the  bacteria  find  access  through  the  mucous  membranes 
or  lungs,  or  through  open  wounds  if  any  exist.  Once  the  bacteria  have 
entered  the  body  they  multiply  in  the  blood  or  in  some  tissue,  spread 
through  the  system,  and  call  forth  the  special  changes  characterizing  the 
several  diseases.  It  is  worthy  of  remark  that  each  poison  has  a  corre- 
sponding special  group  of  tissues,  in  which  its  mischievous  effects  are  in- 
variably and  especially  apparent.  The  anatomical  changes  produced  in 
these  diseases,  as  in  the  others,  are  of  the  nature  partly  of  degeneration 
land  necrosis,  partly  of  inflammation  or  hemorrhage.     Proliferous  changes 

n  the  tissues  may  also  ensue  as  secondary  to  the  former. 

201.  We  are  not  yet  in  a  position  to  formulate  a  theory  ofbacterial 

.ction  that  will  apply  to  all  cases.      The  reseerches   of  the  last  year  or 

wo  have,  however,  enabled  us  to  form  some  picture  at  least  of  the  way 
|n  which  bacteria  affect  the  several  tissues  and  the  system  in  general. 
{  The  pathogenous  bacteria  are  parasites  which  draw  their  nourishment 
Irom  man's  body.  They  withdraw  this  nourishment  only  from  the  tis- 
sues amona;'  which  thev  are  o-rowino-  and  multiplyino:.  The  effect  of  this 
ivithdrawal  is  in  general  not  very  grave.  It  can  only  become  dangerous 
lo  life  when  the  bacteria  multiply  within  the  circulating  blood  and  with- 
'Iraw  from  it  the  indispensable  oxygen  it  contains.     The  withdrawal  of 

uitriment  is  not,  however,  the  only  result  ;  it  is  seldom  even  the  most 
important.  Investigations  show  that  the  vital  activity  of  the  bacteria  of 
iiecessity  sets  up  extensive  chemical  change  in  their  own  nutrient  ma- 

erials.  These  changes  are  partly  due  to  their  direct  action  (Art.  191), 
partly    to    the    action    of    the    unorganized   ferments  which    they   form. 

tastly,  in  the  course  of  these  changes,  matters  are  produced  which  act 
3  poisons  upon  the  system.  This  effect  of  the  bacteria  on  their  nutrient 
luids,  and  the  production  of  poisonous  matters,  have  much  more  to  do 
fvith  the  genesis  of  the  symptoms  in  most  of  the  microparasitic  affections 
han  has  the  mere  withdrawal  of  nutriment. 

The   influence  of   such   factors  is  manifested  in   disturbances  of  the 
unctional,  formative,  and  nutritive  activities  of  the  organism.     These 
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activities  are  the  expression  of  the  cell-life  of  the  tissues  ;  hence  the 
statement  that  bacteria  disturb  the  vital  actions  of  the  tissue-ceils.  In 
Art.  81  we  compared  the  life-history  of  the  tissue-cells  with  that  of  the 
bacteria.  We  may  not  inopportunely  refer  to  the  comparison  once  more 
in  this  place.  The  nutritive  activity  of  the  tissue-cells  is  not  confined  to 
the  replacement  of  used  material  by  the  absorption  and  assimilation  of 
new  material.  Like  the  bacteria,  the  tissue-cells  act  catalytically  on  their 
surroundings,  partly  by  fermentive  action  (Art.  191),  partly  by  the  for- 
mation of  unorganized  ferments.  Many  cells  have  in  addition  the  power 
of  setting  up  synthetic  processes. 

When  bacteria  proceed  to  multiply  within  a  tissue,  a  double  influence 
is  brought  to  bear  On  the  common  nutrient  medium  ;  the  bacteria  enter 
into  conflict  with  the  tissue-cells.  We  do  not,  of  course,  know  in  what 
exact  way  this  conflict  is  carried  on.  But  we  may  believe  that  the  bac- 
teria do  not  communicate  to  the  organic  compounds  contained  in  the 
juices  the  same  kinds  of  chemical  motion  as  the  tissue-cells.  They  will 
not,  therefore,  give  rise  to  the  same  chemical  changes  as  the  latter. 
More  or  less  serious  disturbance  of  the  normal  metabolism  of  the  tissues 
must  ensue. 

This  is  the  first  effect,  but  not  the  only  one.  Different  kinds  of  fer- 
mentation cannot  go  on  in  presence  of  each  other  for  any  length  of  time. 
One  is  more  and  more  repressed,  and  at  length  suppressed,  as  the  others 
advances.  This  cannot,  of  course,  happen  without  simultaneous  injury  to 
the  corresponding  ferment.  Thus  the  prolonged  presence  of  bacteria  re- 
sults in  the  suppression  not  alone  of  the  nutritive  activity,  but  also  of 
the  other  functions  of  the  tissue-cells  ;  and  at  length  their  life  itself  is- 
enfeebled  or  extinguished. 

The  products  of  the  decomposition  set  up  by  the  bacteria,  the  unor- 
ganized ferments  and  other  poisons,  also  give  rise  to  changes  in  the 
tissue-cells.  It  is  possible  that  in  many  cases  they  only  tend  to  modify 
the  nutritive  activity,  i.e.,  the  metabolism  of  the  cells  ;  but  the  other 
functions  are  doubtless  often  affected  likewise.  These  modifications  of 
the  normal  cell-life  in  their  totality  are  manifested  as  disturbances  of  the 
functions  of  the  organism,  and  we  speak  of  them  as  symptoms  of  disease. 

The  mode  in  which  the  several  symptoms  are  produced  we  cannot 
here  stop  to  discuss.  All  we  need  say  is  that  a  disturbance  of  cellular 
activity  is  always  at  the  bottom  of  a  morbid  symptom  ;  mere  alteration 
in  an  organic  fluid  is  not  enough  to  give  rise  to  symptoms.  Thus  the 
origin  of  fever  cannot  be  explained  otherwise  than  by  assuming  the  exist- 
ence of  some  cellular  disturbance.  The  chief  factor  in  producing  the 
elevation  of  temperature  may  be  a  change  in  the  fermentive  action  of  thei 
cells,  or  it  may  be  a  disturbance  of  the  functions  of  the  central  nervousi 
system.  That  is  a  question  which  is  open  to  discussion  ;  but  it  does  noti 
touch  the  question  of  the  cellular 'nature  of  the  febrile  process. 

Inflammation  itself  is  only  to  be  explained  by  cellular  change.  In' 
bacterial  affections,  inflammation  appears  as   a  specially  beneficent  pro- 
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cess.  By  it  a  number  of  living  cells  are  thrown  out  at  the  seat  of  danger, 
and  they  are  the  readiest  instruments  for  checking  the  harmful  influence 
of  the  fungi. 

The  issue  of  a  bacterial  affection  is  either  the  death  of  the  patient,  or 
the  death  and  elimination  of  the  bacteria.  In  the  former  case  the  bac- 
teria interfere  with  the  functions  of  cells  so  numerous  or  so  essential  to 
life,  that  life  becomes  impossible.  In  the  latter  case  the  tissue-cells  gain 
the  upper  hand  in  the  struggle  for  nourishment  and  existence,  and  the 
bacteria  are  at  length  deprived  of  the  conditions  essential  to  their  con- 
tinued life. 

Observations  on  the  infective  diseases  of  man,  and  on  experimentally 
produced  bacterial  diseases  in  animals,  have  shown  that  a  disease  of  the 
kind  successfully  withstood  leaves  the  tissues  in  a  peculiarly  unsuscepti- 
ble condition.  This  condition  may  endure  for  months  or  years,  and  it 
insures  an  immunity  almost  or  quite  complete  against  a  fresh  invasion 
of  the  same  or  kindred  bacteria.  We  do  not  know  whether  this  singular 
effect  is  due  to  a  modification  in  the  chemical  constitution  of  the  tissues, 
or  to  a  change  in  the  vital  activity  of  the  cells. 

[References  :  Voit,  "  Phj^siologie  des  Stoffwechsels,"  Leipzig,  1881  ; 
Nageli,  "  Die  niederen  Pilze/'  Munich,  1877,  and  1883  ;  Buchner,  "  Die 
Nageli'sche  Theorie  der  Infectionskrankheiten,''  Leipzig,  1878  ;  Klebs, 
Article  "  Ansteckende  Krankheiten,"  "  Realencyclopadie  der  gesammten 
Heilkunde  von  Eulenburg,"  and  '•  Cellular-pathologie  und  Infections- 
krankheiten," "  Tageblatt  der  Naturforscherversammlung  in  Kassel," 
1878;  Virchow,  "  Krankheitswesen  und  Krankheitsursachen,"  "  Yirch. 
Arch.,"  vol.  Ixxix.  ;  Hiller,  "  Die  Lehre  von  der  Faulniss,"  Berlin,  1879  ; 
Wernich,  "  Die  Entwickelung  der  organisirten  Krankheitsgifte,"  Berlin, 
1880  ;  Koch,  "  Untersuchungen  liber  Wundinfectionskrankheiten,"  Leip- 
zig, 1878,  "  Traumatic  Infective  Diseases,"  London,  188'0  ;  Wolff,  "  Zur 
Bacterienlehre  bei  accidentellen  Wundkrankheiten,"  "  Virch.  Arch.," 
vol.  Ixxxi.  ;  Toussaint,  "  Comptes  Rendus,"  nos.  2  and  5,  vol.  xci.  ;  Chau- 
veau,  ibid.,  no.  16;  Duclaux,  "Ferments  et  Maladies,"  Paris,  1882; 
Brieger,  "  Einige  Beziehungen  der  Faulnissproducte  zu  Krankheiten," 
"Zeitsch.  f.  klin.  Med.,"  iii.  ;  Buchner,  "Ueber  d.  Wirkung  d.  Spalt- 
pilze  im  lebend.  Korper,"  "  Zur  Aetiol.  d.  Infectionskr.,"  Munich,  1881  ; 
Cheyne,  "  Antiseptic  Surgery,"  London,  1882  ;  Discussion,  "  Trans. 
International  Med.  Congr.,"  vol.  i.,  1881. 

Of  late  years  many  experimenters  have  sought  to  furnish  an  experi- 
mental basis  for  the  doctrine  that  individuals  who  have  passed  through 
an  infective  disorder  are  "  protected  "  against  the  same  or  a  kindred  dis- 
order (as  in  the  case  of  vaccinia  and  variola).  They  have  attempted  to 
make  out  that  this  holds  for  bacterial  disease  artificially  communicated 
to  animals. 

Pasteur  was  the  first  to  make  communications  on  this  head  ("  Gaz. 
med.  de  Paris,"  no.  18,  1880).     Toussaint  refers  the  so-called  fowl-cholera 
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to  the  action  of  a  certain  micrococcus.  Fowls  die  when  inoculated  with 
the  bacteria  cultivated  in  chicken-broth.  If  the  poison  be  attenuated  by 
letting  it  stay  in  the  culture-liquid  exposed  to  the  air  for  eight  or  ten 
months,  it  is  no  longer  fatal  on  inoculation  ;  but  the  fowls  become  by 
one  or  more  inoculations  "  protected  "  against  the  unattenuated  poison, 
Pasteur  further  discovered  that  the  activity  of  the  anthrax-bacillus  may 
be  diminished  by  cultivation  at  a  temperature  of  42°  to  43°  C.  Animals 
inoculated  with  the  cultivated  bacillus  do  not  die,  but  are  as  it  were 
"vaccinated  "  against  the  unmitigated  poison.  After  repeated  inocula- 
tions sheep  become  at  last  quite  unaffected  by  inoculation  with  the  un- 
altered bacillus. 

Bouley  communicated  to  the  Paris  Academy  a  research  of  Toussaint's, 
in  which  he  found  that  the  anthrax-poison  can  be  mitigated  by  warming 
infected  blood  to  55°  C.  for  ten  minutes  with  the  addition  of  one  per 
cent,  of  carbolic  acid.  Young  dogs,  sheep,  horses,  and  rabbits  may  be 
protected  by  inoculation  with  this  blood.  Colin  (Paris  Academy,  March 
1,  1881)  has  disputed  the  force  of  these  experiments,  as  it  is  known  that 
some  individual  animals  are  specially  "refractory"  with  respect  to  the 
anthrax-poison,  without  any  protective  inoculation.  The  Royal  Hun- 
garian Ministry  of  Agriculture  instituted  at  Buda-Pesth  an  extensive 
series  of  experiments,  superintended  by  one  of  Pasteur's  assistants,  and 
the  results  obtained  confirmed  on  the  whole  what  Pasteur  had  announced 
(Roszahegyi,  "  Biolog.  Centralb.,"  5,  1882,  and  Practitioner,  February 
and  March,  1882).  Similar  successful  experiments  were  made  in  Berlin 
in  April,  1882  ("  Gaz.  med.,"  July,  1882).  Oemler  ("  Arch.  f.  wiss.  und 
pract.  Thierheilk.,"  1876-81)  made  similar  inoculation-experiments  with- 
out reaching  any  positive  results.  Chauveau  likewise  experimented  on 
sheep,  but  was  not  able  to  draw  any  certain  inferences  ;  he  thinks,  how- 
ever, that  an  imperfect  protection  may  be  obtained  by  repeated  inocula- 
tion. Loffler  {^  Mitth.  a.  d.  k.  Gesundheitsamte,"  Berlin,  1881)  experi- 
mented on  mice,  rats,  guinea-pigs,  and  rabbits,  but  was  not  able  to  verify 
Pasteur's  and  Toussaint's  statements.  He  did  not  succeed  either  in  at- 
tenuating the  poison  or  in  effectively  "vaccinating"  the  animals.  He 
therefore  disputes  the  force  of  their  experiments,  thinking  that  they 
must  have  lighted  on  sheep  already  immune  against  the  poison.  The  ex- 
periments on  fowl-cholera  he  thinks  trustworthy.  It  was  he  who  showed 
that  when  a  mouse  has  lived  through  one  attack  of  specific  septicaemia  it 
is  protected  against  a  further  attack. 

This  specific  septicaemia  of  the  mouse  is  caused  by  a  delicate  bacillus, 
which  can  be  "  purely  "  cultivated  in  nutritive  gelatine,  weakly  alkalized 
with  sodium  phosphate  and  impregnated  with  one  per  cent,  of  peptone. 
The  bacillus  will  infallibly  kill  a  rabbit  injected  with  it  in  from  forty  to 
seventy-two  hours.  If  it  be  introduced  into  the  tip  of  the  ear  it  merely 
produces  a  plastic  inflammation  of  the  skin,  and  the  animal  does  not  die. 
Rabbits  so  inoculated  are  then  protected  for  three  or  four  weeks  against 
any  further  inoculation  with  the  same  bacillus. 
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There  are,  therefore,  some  bacterial  diseases  in  which  one  attack  pro- 
tects against  a  subsequent  one,  as  in  the  case  of  small-pox,  measles,  and 
scarlatina.  But  this  does  not  hold  true  of  all  bacterial  diseases.  Koch 
and  Carter  found  that  a  monkey  inoculated  with  the  spirilla  of  relapsing 
fever  gained  no  immunity  against  a  second  inoculation.  Semmer  ("  Cen- 
tralb.  f,  med.  Wiss.,"  48,  1880,  and  "  Virch,  Arch.,"  vol,  Ixxxiii.)  asserts 
that  rabbits  may  be  protected  against  septicaemia  by  vaccination  with 
bacteria  heated  to  55°  C  for  fifteen  minutes  ;  Loffler  repeated  the  ex- 
periments and  obtained  opposite  results.  Experiments  with  the  Dacillus 
oedematis  (Art.  306)  were  likewise  negative. 

Bergmann  has  recently  ('*  Chirurgencongress,"  1882)  made  out  that 
in  all  infective  disease,  and  in  all  intoxication  with  unorganized  ferments, 
the  white  blood-cells  become  dissolved  in  the  blood.  This  produces 
greater  viscidity  and  coagulability  of  the  plasma.  He  refers  to  this 
cause  the  local  congestions  in  the  capillaries  of  the  lungs  and  intestine, 
and  the  ecchymoses  of  the  serous  membranes  observed  in  the  affections 
named.] 

203.  The  infective  diseases  form  a  group  distinguished  by  their 
markedly  specific  character  and  their  special  mode  of  origin.  The  specific 
character  is  manifested  in  this — that  the  disease  runs  a  similar  course  in 
each  individual  attacked,  conditioned  solely  by  the  nature  of  the  morbific 
virus.  As  to  the  genesis  of  the  disease,  it  is  always  referable  to  the 
passage  into  the  organism  of  a  poison  from  without. 

The  infective  diseases  have  been  divided  into  miasmatic,  contagious, 
and  miasmo-contagious.  In  miasmatic  disease  the  morbific  virus  is  con- 
fined to  certain  localities,  and  develops  outside  the  human  body.  When 
it  passes  into  the  body  it  sets  up  an  affection  which  is  not  transmissible 
to  other  individuals.  The  malarious  or  intermittent  fevers  are  classed 
as  miasmatic. 

In  contagious  disease  the  seat  of  the  virus  is  in  the  affected  organ- 
ism. From  this  it  is  transmissible  to  others,  either  through  the  air 
directly,  or  by  means  of  bodies  acting  as  carriers  [/omites),  or  by  actual 
contact.  Instances  of  contagious  disease  are  scarlatina,  small-pox, 
measles,  vaccinia,  typhus,  diphtheria,  glanders,  syphilis,  etc. 

In  miasmo-contagious  disease  the  actupl  virus  is  derived  from 
without,  but  the  germs  from  which  the  virus  develops  must  be  furnished 
by  a  previous  case  of  the  disease.  Of  this  kind  are  cholera,  dysentery, 
yellow  fever,  and  typhoid.  In  the  case  of  the  last  it  is  probable,  or  at 
least  possible,  that  the  virus  may  be  also  derived  from  previously  unin- 
fected localities  ;  in  other  words,  that  it  may  originate  as  a  pure  miasm. 

203.  Some  of  these  diseases,  especially  the  epidemic  pestilences  or 
plagues,  have  from  ancient  times  been  suspected  to  be  due  to  organized 
poisons.  The  suspicion  has  now  and  again  been  re-expressed  ;  but  it  is 
only  within  the  last  twenty  years  that,  in  a  few  instances  at  least,  the 
fact  has  been  demonstrated. 
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The  strongest  point  of  evidence  in  favor  of  the  organic  nature  of  the 
poisons  that  produce  the  infective  diseases  is  their  power  of  unlimited  re- 
production and  multiplication.  Thus,  starting  with  the  lymph  from  a 
single  vaccine  vesicle,  we  can  vaccinate  on  indefinitely,  continually  gener- 
ating new  vaccine  matter.  Infection  transmitted  through  the  medium  of 
the  air  (which  certainly  takes  place),  is  scarcely  to  be  explained  if  it  be 
not  that  the  air  has  had  corpuscular  particles  suspended  in  it.  Chemi- 
cally active  gases  would  very  quickly  become  diffused  through  the  atmos- 
phere, and  at  short  distances  would  become  attenuated  beyond  the  power 
of  doing  mischief. 

The  small  quantity  of  infective  matter  required  to  set  up  the  corre- 
sponding disease  is  another  point  in  the  evidence.  The  extraordinary 
potency  of  the  matter  can  only  be  explained  by  the  theory  that  the  virus 
is  reproduced  and  multiplied  within  the  organism. 

The  researches  of  the  last  ten  years  have  shown  (as  we  have  said  in 
Arts.  198-201)  that  there  are  bacterial  fungi  which  are  able,  by  virtue  of 
their  specific  properties,  to  affect  the  animal  body  and  generate  disease 
in  it.  On  the  other  hand,  we  find  such  fungi  in  the  blood  and  tissues  of 
persons  affected  with  infective  disease.  We  must  admit  beforehand  that 
the  available  observations  on  this  head  have  not  the  extent  or  exactness 
which  we  could  desire.  Only  in  the  case  of  a  few  diseases  is  the  bacte- 
rial nature  of  the  virus  demonstrated  by  indefeasible  histological  and  ex- 
perimental investigation.  In  others  the  presence  of  bacteria  has  been 
demonstrated  in  single  cases,  but  their  causal  relation  to  the  disease  has 
not  been  proved.  In  many  others,  neither  the  one  point  nor  the 
other  has  hitherto  been  made  out.  As  the  question  at  present  stands, 
then,  we  can  only  say — that  among  the  infective  diseases  there  are  cer- 
tainly some  which  are  due  to  the  invasion  of  a  microphyte,  and  that  it  is 
highly  probable  the  others  have  a  like  origin. 

If  the  microparasitic  theory  be  correct,  we  must  admit  that  some  of 
the  pathogenous  bacteria  are  accustomed  to  develop  and  multiply  with- 
out the  body,  while  others  only  do  so  within  it.  The  former  kind  we 
may  describe  as  ectogenous,  the  latter  as  endogenous.  The  distinc- 
tion must  not,  however,  be  over  much  insisted  on.  Sometimes  the  ecto- 
genous  bacteria  proceed  to  multiply  within  the  body,  while  the  endoge- 
nous bacteria  may  meet  with  the  necessary  conditions  for  their  growth 
(warmth  and  nutriment)  outside  it. 

[The  fact  that  bacteria  have  not  been  found  in  most  of  the  infective 
diseases,  at  least  in  number  sufficient  to  account  at  all  for  the  phenomena, 
is  no  proof  that  the  affections  are  non-bacterial.  It  must  not  be  forgot- 
ten that  the  demonstration  of  bacteria  is  often  a  very  difficult  matter,  and 
the  material  obtained  from  the  post-mortem  table  is  by  no  means  well- 
fitted  for  this  purpose.  The  patients  examined  generally  live  on  to  a 
comparatively  advanced  stage  of  the  disease.  We  know  indeed  in  the 
case  of  many  bacterial  affections  that,  by  the  time  the  tissue-changes  oc- 
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casioned  bv  the  invasion  are  complete,  all  trace  of  bacteria  has  long  dis- 
appeared.] 

'204:.  The  micrococci  are  among  the  most  important  of  the  pathoge- 
nous bacteria.  They  are  the  fungi  most  frequently  found  in  connection 
with  infective  disease.  In  the  first  place  they  occur  in  various  wound- 
affections,  such  as  pyaemia,  and  erysipelas  simple  or  phlegmonous  ;  and 
that  not  merely  in  the  wound  itself,  but  in  its  neighborhood,  and  even  in 
distant  organs.  In  this  last  case  they  are  diffused  through  the  lymphatics 
and  blood-vessels.  They  also  occur  in  internal  suppurations  like  metritis, 
pnerperal  peritonitis,  infective  osteomyelitis  and  periostitis,  and  in  stru- 
mous inflammations,  meningitis,  cerebral  abscess,  etc. 

Among  infective  diseases  of  another  kind  we  have  to  mention  diph- 
theria, small-pox,  measles,  vaccinia,  scarlatina,  endocarditis,  pyelitis, 
haniophilia  neonatorum,  acute  atrophy  of  the  liver,  croupous  pneumonia, 
gonorrhcea,  etc.  In  all  of  these  micrococci  have  been  seen  scattered, 
through  the  tissues,  partly  as  masses  of  zooglcea,  partly  as  chains  or 
chaplets.  It  would  seem  as  if  in  some  diseases  zoogloea,  in  others  chap- 
lets  or  swarms,  were  chiefly  formed-  The  spherules  are  of  various  sizes  ; 
but  this  character  of  size  is  not  enough  to  enable  us  to  distinguish  be- 
tween specific  forms.  We  have  as  yet  but  few  results  of  culture-experi- 
ments on  these  bodies,  so  that  their  life-history  is  little  known.  The 
micrococci  are  therefore  distinguished  merely  by  the  disease  to  which 
they  are  related,  and  so  we  speak  of  Jlicrococcus  sepficii^,  er>/sij?tlatis, 
variolce,  dijjhthenticu^,  etc. 

The  part  played  by  these  micrococci  (^ which  are  not  found  in  every 
case)  is  by  no  means  certainly  determined.  Of  some  we  can  only  say 
that  they  are  frequently  or  always  found  in  connection  with  the  corre- 
sponding disease  (small-pox,  scarlatina,  measles,  hiemophilia  neonatorum). 
Of  others  (as  in  wound-infections)  we  know,  by  experimental  investiga- 
tions, that  they  are  only  able  to  attack  the  tissues  when  they  find  in  the 
system  poisonous  products  of  tissue-necrosis,  or  of  fermentive  decompo- 
sition set  up  by  bacteria  like  themselves.  Of  many  (such  as  those  found 
in  simple  and  phlegmonous  erysipelas)  we  have  every  ground  for  believ- 
ing that  they  can  develop  in  the  system  without  any  special  auxiliary 
conditions  (other  than  slight  traumatic  injury). 

[TVe  shall  here  consider  briefly  the  evidence  for  the  bacterial  nature 
of  some  of  the  infective  diseases. 

(1)  Ihirulent  Tnjfanimatians  /   Cellulitis  :  Ihintlent  Catarrh. 

There  can  be  no  doubt  that  micrococci  are  the  exciting  causes  in 
many  inflammatory  processes  associated  with  the  formation  of  pus. 
This  is  true  not  only  of  purulent  affections  of  the  skin  and  raucous  mem- 
branes, but  also  of  suppurations  in  the  deeper  structures  of  the  body. 
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Many  of  these  affections  start  in  wounds,  but  in  others  it  is  impossible  to 
make  out  any  surface-injury,  and  we  are  constrained  to  admit  that  the 
micrococci  have  penetrated  into  the  deeper  tissues  without  entering 
through  a  v;ound.  Purulent  catarrh  of  the  mucous  membranes,  when  due 
to  fungi  at  all,  is  generally  excited  by  micrococci  from  without  ;  but 
these  may  sometimes  come  from  deeper  organs  already  affected,  as  when 
the  urinary  tract  is  infected  from  the  kidney.  This  also  holds  for  phleg- 
monous or  parenchymatous  inflammations  of  the  subcutaneous  and  sub- 
mucous structures  (cellulitis),  associated  with  purulent,  serous,  or  fibrin- 
ous exudations.  In  the  case  of  deep-seated  organs,  the  micrococci  must 
be  conveyed  by  the  lymphatics  or  blood-vessels.  If  by  the  blood-vessels, 
the  affection  should  perhaps  be  described  as  pyasmic. 

When  the  micrococci  lie  in  the  blood-vessels,  they  generally  form  col- 
onies. In  liquid  exudations  within  the  body-cavities  they  are  found  sin- 
gle or  in  chains  ;  in  solid  structures  they  form  swarms.  In  all  places 
they  occur  both  free  and  enclosed  in  cells. 

It  is  a  question  whether  in  all  the  affections  just  cited  the  micrococ- 
cus met  with  is  of  the  same  species.  Comparative  examinations  show 
that  in  the  different  cases  the  spherules  vary  in  size.  Ziegler  found  that 
the  largest  of  all  occurred  in  a  case  of  spontaneous  cellulitis  of  the  face 
and  neck,  in  which  suppurating  and  hemorrhagic  patches  were  found  in 
the  lungs. 

References:  Klebs,  "  Handb.  d.  path.  Anat.,"  i.  (pyelitis),  "  Bei- 
trage  zur  path.  Anat.  d.  Schusswunden,"  Leipzig,  1872,  and  "  Arbeiten 
a.  d.  path.  Inst.,"  Berne,  1872  (pyaemia)  ;  von  Recklinghausen,  "Verb,  d. 
Wiirzburger  physic.  Gesell.,"  1871  (pyaemic  foci)  ;  Rindfleisch,  "  Lehrb. 
d.  path.  Gewebelehre,"  first  edition  (pyaemia)  ;  Birch-Hirschfeld,  "  Unters. 
iib.  Pyamie,"  Leipzig,  1873  ;  Koch,  "  Wundinfectionskrankheiten," 
Leipzig,  1878,  "Traumatic  Inf.  Diseases"  (Sydenham  Soc),  1880; 
Wolff,  "  Virch.  Arch.,"  vol.  Ixxxi. ;  Liicke,  "Deutsche  Zeitsch.  f.  Chir.," 
iv.;  Braidwood  and  Vacher,  Brit.  Med.  Journ.,  1,  1882,  with  a  very  full 
summary  of  the  contributions  to  this  subject  ;  Kocher,  "  Arch.  f.  klin. 
Chir.,"  xxiii.  (osteomyelitis,  infective  periostitis,  strumous  inflammation)  ; 
Greenfield,  etc.,  "Trans.  Path.  Soc,"  1879  ;  Haab,  "  Corresp.  f.  schweiz. 
Aerzte,"  1881  (blennorrhoea,  gonorrhoica  neonatorum,  gonorrhoea)  ;  Neis- 
ser,  "  Centralb.  f.  med.  Wiss.,"  28,  1879  (gonorrhcjea)  ;  Cheyne,  Brit. 
Med.  Journ.,  1880  (gonorrhoea)  ;  Perls,  "Lehrb.  d.  allg.  Path.,"  ii.;  OgS' 
ton,  Brit.  Med.  Journ.,  1,  1881  ;  and  under  Art.  199. 

(2)  Erysipelas. 

Ziegler  has  satisfied  himself  by  his  own  researches  that  erysipelas  is 
due  to  a  micrococcus.  It  spreads  chiefly  by  way  of  the  lymphatics, 
which  are  sometimes  seen  to  be  crammed  full  of  aggregated  masses  of 
spherules.  Thence  it  penetrates  into  the  tissues  and  forms  chains  or 
swarms.     It  excites  inflammation  and  leads  to  tissue-necrosis.     It  can  be 
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transmitted  to  the  rabbit,  and  spreads  in  it  also  by  way  of  the  lympha- 
tics.    The  animal  usually  dies. 

References  :  Nepveu,  "  Gaz.  med.  de  Paris,"  1872  ;  Lukkomsky, 
"Virch.  Arch.,"  vol.  Ix.;  Orth,  "  Arch.  f.  exp.  Path.,"  i.;  Klebs,  "Arch. 
f.  exp.  Path.,"  iv. ;  Tillmanns,  "Arch.  f.  klin.  Chir.,"  xxiii.;  Fehleisen, 
"Deutsche  Zeitsch.  f.  Chir.,"  xvi.;  Koch,  "Traum.  Inf.  Diseases,"  1880. 

(3)  Septicaemia. 

This  is  a  term  which  ancludes  various  rapid  and  fatal  affections  of  the 
blood.     Septicasmia  in  the   human  subject  implies   blood-poisoning  with 

i  various  chemical  products  of  septic  decomposition.      It  is  a  septic  intoxi- 

i  cation,  but  actual  bacteria  are  not  found  in  the  blood.  It  is  not  progres- 
sive, and  not  infective  in  the  strict  sense  of  the  word  (Burdon  Sanderson, 

i  Brit.  Med.  Journ.,  1,  1877).  But  the  term  is  also  applied  by  some  to 
certain  specific  and  infective  affections  of  animals,  in  which  bacteria  grow 
and  multiply  in  the  blood  itself. 

Davaine's  septicemia  is  an  infective  disease  of  rabbits,  produced  by 
subcutaneous  injection  of  septic  matters  (such  as  putrefying  blood).      It 

,  is  characterized  by  a  definite  incubation-period,  and  a  rapid  course  ;  it  is 
transmissible  to  other  animals  of  the  same  species.  The  blood  is  found 
to  contain  numerous  oval  bacteria. 

Pasteur's  septicaemia  has  been  called  by  Koch  malignant  oedema 
("Acad,  de  med.,"  February  1  and  8,  1881).  It  is  produced  in  rabbits  by 
inserting  garden-mould  under  the  skin  of  the  abdomen.  Death  ensues 
in  twenty-four  to  forty-eight  hours.  The  blood  itself  seems  to  contain 
no  organisms  ;  but  subcutaneous  oedema  results,  and  in  the  oedematous 
tissues  a  delicate  motile  bacillus  is  found.  Gaffky  has  cultivated  the  ba- 
cillus on  slices  of  potato. 

Mouse-septicsemia  (Koch)  is  a  blood-affection  generated  in  mice  by  in- 
oculation with  a  certain  delicate  bacillus.      The  injection  of  human  saliva 

j  produces  in  rabbits  a  form  of  septicsemia  not,  as  it  seems,  identical  with 

\  that  of  Davaine  (Raynaud,  Pasteur).  Gaffky  produced  still  another 
form  of  septicsemia  in  rabbits  by  injecting  river-water  (from  the   river 

I  Panke).  The  bacteria  which  developed  and  multiplied  in  the  blood  re- 
sembled B.  termo  (Art.  205). 

References  :  Davaine,  "  Acad,  de  med.,"  September  17,  1872  ;  Coze 
and  Feltz,  "  Rech.  exp.  sur  la  presence  des  infusoires  dans  les  maladies 

I  infect.,"  Strasburg,  1866  ;  Semmer,  "Virch.  Arch.,"  vol.  Ixxxiii.;  Koch, 
"  Wundinfectionskr.,"    Leipzig,    1878,    "  Traum.  Inf.  Dis."    (Sydenham 

■  Society,  1880)  ;  Gaffky,  "Mitth.  a.  d.  k.  Gesundheitsamte,"  Berlin,  1881 ; 

I  Raynaud,   "Acad,   de   med.,"   February  8,    1881;    Ewart,  "  Proc.   Roy. 

\  See,"  xxxii. ;  Tizzoni,  "  Arch,  per  le  scienze,"  1880-81 ;  Sternberg,  "  Rep. 

I  of  Nat.  Board  of  Health  (U.  S.),"  1881  ;  Braidwood  and  Vacher,  Brit. 

\  Med.  Journ.,  1,  1882  (a  full  list  of  contributions  to  the  subject  of  pyaemia 
and  septicaemia  is  given). 
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(4)  Diphtheria. 

This  is  a  specific  infective  disease.  The  anatomical  changes  are  usu- 
ally first  discerned  in  the  pharynx  and  in  the  neighboring  mucous  mem- 
branes. They  take  the  form  of  catarrhal,  croupous,  and  diphtheritic 
inflammations  (Arts.  423-426).  They  are  probably  caused  by  a  micro- 
coccus which  settles  in  the  tissues  of  the  parts  named  (rarely  elsewhere — 
as  in  the  eye,  or  in  wounds),  and  thence  spreads  through  the  system. 
This  view  is  chiefly  supported  by  the  fact — that  in  and  upon  the  affected 
mucous  membranes  we  find  micrococci  scattered  or  aggregated  as  zoo- 
gloea,  which  do  not  occur  under  normal  conditions.  Occasionally  it  is 
possible  to  demonstrate  the  presence  of  micrococci  in  the  swollen  cervical 
glands,  or  even  in  deeper  organs.  If  these  micrococci  be  experimentally 
introduced  into  animals,  they  produce  a  disease  resembling  diphtheria. 
The  micrococci  multiply  mainly  within  the  body,  but  they  may  also  find 
a  suitable  soil  for  growth  outside  it. 

The  theory  of  the  genesis  of  diphtheria  is  still  defective,  in  spite  of  the 
many  investigations  that  have  been  made.  Even  what  we  have  stated 
above  regarding  it  is  by  no  means  beyond  question. 

References  :  Hliter  and  Tommasi,  "  Centralb.  f.  med.  Wiss.,"  12  and 
34,  1868  ;  Oertel,  "  Arch.  f.  klin.  Med.,"  viii.,  "Ziemssen's  Cyclopjedia," 
vol.  ii.,  "  Die  Aetiol.  d.  Diphtheric,  Zur  Aetiol.  d.  Infectionskr.,"  Munich, 
1881;  Trendelenburg,  "Arch.  f.  klin.  Chir.,"  x.;  Klebs,  "Arch.  f.  exp. 
Fath.,"  iv.,  Art.  "  Diphtheritis,"  "  Realencyclop.  d.  ges.  Heilk. ;  "  Letze- 
rich,  "  Virch.  Arch.,"  vol.  Ixviii. ;  Nassiloff,  "  Virch.  Arch.,"  vol.  h; 
Eberth,  "  Zur  Kenntniss  d.  bacter.  Mycosen,"  1872  ;  Wood  and  Formadj 
"Rep.  of  Nat.  Board  of  Health  (U.  S.),"  1881-82. 

Brieger  ("  Zeitsch.  f.  klin.  Med.,"  iii.)  has  lately  pointed  out  the  fact 
that  in  pyaemia,  erysipelas,  diphtheria,  and  scarlatina,  certain  processes 
take  place  in  the  tissues  nearly  allied  to  those  in  bacterial  putrefaction. 
He  therefore  calls  the  diseases  in  question  putrefactive  diseases. 


(5)  Scarlatina  and  Measles. 

We  have  no  certain  knowledge  as  to  the  causation  of  scarlatina. 
Coze  and  Feltz  ("  Malad.  infect.,"  1872)  and  Riess  ("  Reichert's  Arch,," 
1872)  have  seen  micrococci  in  the  blood,  and  by  inoculation  have  gener- 
ated a  fever-like  disease  in  rabbits.  Coze  and  Feltz  also  found  micro- 
cocci in  the  blood  of  patients  affected  with  measles  ;  Keating  {Philadel- 
phia Med.  Times,  August  12,  1882)  recently  found  them  in  an  epidemic 
of  malignant  measles  ;  Ransome,  and  Braidwood  and  Vacher  {JBrit.  Med. 
Journ.,  January  21,  1882)  found  them  in  the  breath  as  well  as  in  the  tis- 
sues. 
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(6)  Endocarditis. 

In  many  forms  of  endocarditis  the  affected  patches  are  covered  with  an 
abundant  layer  of  micrococci.  These  are  also  found  in  metastatic  patches 
if  there  be  any.  It  is  very  probable  that  endocarditis  may  be  set  up  by 
various  causes,  and,  as  it  would  seem,  by  various  forms  of  micrococcus 
(Art.  282). 

References:  R.  Maier,  "  Virch.  Arch.,"  vol.  Ixii.  ;  Eberth,  "  Virch. 
Arch.,"  vol.  Ivii.  ;  Klebs,  "Arch.  f.  exp.  Path.,"  x.  ;  Koster,  "Virch. 
Arch.,"  vol.  Ixxii.  ;  Koch,  "Mitth.  a.  d.  k.  Gesundh.,"  Berlin,  1882. 

(7)    Variola  aiid  Vaccinia. 

In  both  affections  micrococci  have  been  found  in  the  vesicles.  As  to 
their  real  significance  nothing  certain  is  known. 

References:  Keber,  "Virch.  Arch.,"  xlii. ;  Ziilzer,  "Berl.  klin.  Woch.," 
li.,  1872  ;  Weigert,  "  Anat.  Beitr.  z.  Lehre  v.  d.  Pocken,"  1874  ;  Klebs, 
«  Arch.  f.  exp.  Path.,"  x. 

(8)  HoBinophilia  Neonatorum. 

Klebs  ("Arch.  f.  exp.  Path.,"  iv.)  and  Eppinger  ("  Beitrage  zur  path. 
Anat.  V.  Klebs,"  1878)  have  described  a  micrococcus  in  this  disease,  and 
have  given  it  the  name  of  Monas  hasmorrhagicum. 

(9)  Acute  Yellow  Atrophy  of  the  Liver. 

Klebs,  Waldeyer,  and  Eppinger  ("Prag.  Viertelj.,"  1875)  have  pub- 
lished papers  on  the  micrococcus  found  in  this  disease. 

(10)    Croupous  Pneumonia. 

Klebs  ("Arch.  f.  exp.  Path.,"  iv.),  Koch  ("  Mitth.  a.  d.  k.  Gesundh.," 
Berlin,  1881),  and  Friedlander  ("Virch.  Arch.,"  vol.  Ixxxvii.)  have  seen 
micrococci  in  cases  of  this  disease. 

(11)  Acute   Catarrhal  Pneumonia. 

Micrococci  are  very  often  found  in  the  alveoli  and  lung-tissue.  They 
probably  reach  the  lungs  with  other  bacteria  from  the  mouth-cavity  (pneu- 
monia by  aspiration). 

(12)  Sarcina. 

The  fungus  so  called  occurs  chiefly  in  the  stomach,  lungs,  pharynx, 
and  urine.  In  the  lungs  it  has  been  found  by  Nauwerck  in  various  pneu- 
monic affections  ("  Corresp.  f.  schweiz.  Aerzte,"  1881).  It  is  much  smaller 
than  the  sarcina  of  the  stomach.      Nothing  is  known  of  its  sio-nificance. 

We  may  here  refer  to  a  disease  of  silkworms,  which  throws  light  on 
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the  development  of  bacteria  within  the  body.  It  is  called  pebrine,  gattine, 
or  "  spotted  disease."  It  formerly  produced  enormous  destruction  among 
the  silkworms  in  silk-producing  districts.  Investigations  made  in  1853-56 
showed  that  it  was  associated  with  the  presence  of  a  micrococcus.  Nagel' 
called  the  fungus  JVosema  hombyeis.  Pasteur  proved  experimentally  that 
these  organisms  produced  the  disease,  and  also  showed  by  what  means  it 
could  be  averted.  The  micrococcus  is  transmitted  to  the  eggs  ;  the  moths 
are  therefore  isolated,  and  after  laying  their  eggs  are  microscopically  ex- 
amined. If  the  moths  are  found  to  be  diseased  the  eggs  are  destroyed. 
Another  disease  of  the  silkworm,  maladie  de  morts-blancs,  which  annually 
causes  great  losses  to  silk-growers,  is  very  probably  a  bacterial  affection. 
Toussaint  and  Pasteur  have  shown  ("  Comptes  Rendus,"  nos.  6,  17, 
18,  1880)  that  fowl-cholera  is  caused  by  an  invasion  of  micrococci.  The 
organism  can  be  cultivated  in  alkalized  chicken-broth,  which  has  previ- 
ously been  sterilized  by  being  raised  to  a  temperature  of  110°  to  115°  C] 

205.  The  two  representatives  of  the  class  of  3£icrobacteria,  namely, 
JBacterium  termo  and  J^g^cteriutn  lineola,  can  only  develop  in  dead  tissues 
and  liquids.  Ji.  termo  is  frequently  found  in  the  human  body  at  places 
where  necrosed  tissue  is  accessible  to  the  air.  Putrefaction  is  in  fact 
conditioned  by  the  presence  of  this  organism.  It  may  become  dangerous 
by  setting  free  products  of  decomposition  which  excite  inflammation  or 
gangrene  around  the  putrefactive  focus,  and  when  absorbed  act  poison- 
ously  on  the  system  generally  or  on  remote  organs. 

[Gaffky  recently  discovered  a  specific  microbacterium  ("  Mitth.  a.  d. 
k.  Gesundh.,"  Berlin,  1881)  which  he  was  able  to  cultivate  separately  in 
sterilized  gelatine  impregnated  with  blood-serum,  and  in  a  cold  infusion 
of  boiled  beef.  He  found  the  organism  in  river-water  much  polluted 
with  sewage.  The  same  bacterium  is  occasionally  found  in  meat-wash- 
ings and  blood,  as  putrefaction  sets  in.  It  is  a  short  rodlet  which  takes 
up  aniline  dyes  at  its  poles  only,  the  middle  remaining  clear.  It  is  very 
like  S.  termo.  Its  spores  have  not  been  observed.  Rabbits  inoculated 
with  it  remain  unaffected  for  ten  or  twelve  hours,  then  high  fever  sets  in, 
and  death  in  twenty  hours.  The  blood  of  the  infected  animals  contains 
bacteria.  Guinea-pigs,  white  rats,  cats,  and  dogs  are  not  susceptible, 
but  sparrows,  canaries,  and  chickens  are.  This  bacterium  does  not  set  up 
putrefaction  when  "  purely  "  cultivated  ;  it  is  therefore  distinct  from  B. 
term.0.^ 

206.  Of  the  Desm,obacteria  the  typical  example  is  the  best  known  of 
all  microparasites,  the  Bacillus  anthracis.  It  is  found  in  the  blood  of 
animals  affected  with  anthrax  or  splenic  fever,  and  it  is  certain  that  it 
is  the  sole  cause  of  the  affection.  The  organism  can  be  cultivated  out- 
side the  body  (Art.  186),  and  anthrax  can  be  produced  by  means  of  the 
cultivated  specimens.     All  that  is  needful  is  to  introduce  the  bacillus  or 
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its  spores  into  the  blood.     No  auxiliary  conditions,  such  as  the  formation 
I  of  septic  products  or  the  presence  of  chemical  poisons,  are  necessary. 
I        The  spores  are  the  commonest  medium  of  infection,  as  they  are  hardier 

than  the  bacillus  itself.  Such  spores  develop  in  the  blood  of  animals 
I  dead  of  anthrax  even  after  burial  (Koch).  If  they  are  not  deeply  buried 
■  the  spores   may  ultimately  reach  the  surface  of  the  ground.     Cattle  are 

then  infected  through  wounds  (such  as  scratches  of  the  mouth  caused  by 
I  stubble  or  by  insects),  through  the  alimentary  canal,  or  through  the  lungs. 
i  Death  seems  to 'result  chieiiy  from  abstraction  of  oxygen,  and  disturb- 
'  ance  of  the  circulation. 

In  man  the  disease  is  only  produced  by  transmission  of  the  virus  from 

infected  animals,  living  or  dead.  In  England  the  infection  is  chiefly  con- 
!  veyed  by  means  of  the  fleeces  of  diseased  animals  to  persons  engaged  in 
I  handling  them  (woolsorters'  disease).     Anthrax  in   man  usually  contin- 


FlG.  80. — Bacillus  Tuberculosis  in  Phthisical  Sputum,     x  800  circa.    (Stained  by  Gibbes's  method  with  ma- 
genta and  methylene-blue  ;  the  pus-cells  appear  blue,  the  bacilli  crimson). 

ues  as  a  local  affection  for  a  longer  time  than  in  the  lower  animals.  Pap- 
iules,  vesicles,  and  pustules  on  a  red  and  swollen  base  are  developed  in 
the  skin.  Numerous  dark-red  button-like  nodules  crammed  full  of  bacilli 
then  appear  in  the  intestine.  This  hemorrhagic  intestinal  form  also 
occurs  in  cattle.  In  human  anthrax  the  blood  usually  contains  much 
fewer  bacilli  than  in  the  case  of  cattle. 

Armauer  Hansen  and  Neisser  have  lately  succeeded  in  demonstrating 
the  presence  of  a  bacillus  (B.  leprae)  in  the  nodes  and  tubercles  of  lep- 
rosy. The  constancy  with  which  it  occurs  in  leprous  patches  would  in- 
jdicate  that  it  is  the  exciting  cause  of  the  disease  (Art.  131). 
!  Klebs  and  Tommasi-Crudeli  have  likewise  found  a  bacillus  (B.  mala- 
jriae)  in  cases  of  malarious  or  intermittent  fever,  and  have  experimentally 
investigated  its  properties.  They  assert  that  it  is  to  be  met  with  in  the 
soil  and  air  of  malarious  districts,  and  can  be  demonstrated  in  the  blood 
of  affected  patients.  The  significance  of  the  bacillus  has  not,  however, 
been  fully  made  out. 
20 
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In  cases  of  typhoid  fever  Klebs  and  Eberth  have  discovered  a  bacillus 
lodging  in  recent  infiltrations  of  the  mesenteric  and  intestinal  glands, 
Koch  and  Friedlaender  have  verified  the  discovery,  but  the  life-history 
of  the  bacillus  is  as  yet  unknown. 

Koch  has  recently  made  comprehensive  researches  into  the  etiology 
of  tuberculosis.  He  finds  that  bacilli  (B.  tuberculosis)  are  constantl)/ 
present,  not  merely  in  tubercles,  but  in  various  diffuse  inflammatory  in- 
filtrations and  granulomatous  growths,  and  in  the  sputa  of  phthisical 
patients  (Fig.  80).  He  is  also  able  to  cultivate  the  bacilli  in  gelatine 
impregnated  with  blood-serum,  and  to  produce  tuberculosis  with  striking 
success  by  inoculation  with  the  cultivated  bacilli  (Art.  127).  It  is  prob- 
able that  the  bacillus  is  unable  to  develop  outside  the  animal  body  ;  and 
that  it  forms  spores  within  the  body  of  its  host  (Art.  127). 

[(1)  Anthrax  {Splenic  Fever,  Malignant  Pustule,  Charbon). 

The  Bacillus  anthracis  was  first  discovered  by  Pollender  in  1849 
("Casper's  Viertelj.,"  viii.,  1855)  and  Brauell  ("  Virch.  Arch.,"  vol.  xi., 
1857).  Davaine  was  the  first  to  recognize  it  as  the  specific  virus  of 
splenic  fever  ("  Comptes  Rendus,"  vols.  Ivii.  (1863)  and  Ixxvii.  (1873) ; 
*' Archiv.  gen.,"  February,  1868).  Since  then  many  investigators  have 
examined  the  question  of  the  significance  of  the  bacillus  (see  Bollinger, 
"  Splenic  Fever,"  ""Ziemssen's  Cyclopaedia,"  vol.  iii.).  Koch  has  made  the 
most  careful  researches  on  the  subject  ("  Beitrage  z.  Biol.  d.  Pflanzen 
von  Cohn,"  ii.,  p.  277,  and  "  Mitth.  a.  d.  k.  Gesundh.,"  Berlin,  1881),  and 
his  experiments  have  thrown  much  light  on  the  biology  of  the  bacillus. 
Toussaint  also  has  lately  published  some  elaborate  researches  ("Re- 
cherches  experimentales  sur  la  maladie  charbonneuse,"  Paris,  1879). 
Spear  and  Greenfield  have  investigated  anthrax  in  man  as  it  occurs  in 
the  form  of  "  Woolsorters'  Disease"  ("Med.  Off.  Report  to  Local  Gov. 
Board  "  for  1880), 

The  life-history  of  the  anthrax-bacillus  has  already  been  given  in 
Art.  186.  It  can  only  develop  at  a  temperature  over  18°  C.  and  in 
presence  of  a  free  supply  of  oxygen.  Hence  no  spores  are  found  in  the 
bodies  of  animals  buried  more  than  a  metre  deep.  Spores  may,  however, 
very  readily  be  produced,  if  in  burying  the  animal  its  blood  or  secretions 
(such  as  urine)  be  allowed  to  contaminate  the  superficial  soil ;  in  summer 
the  temperature  there  may  rise  above  18°  C.  (Koch). 

Pasteur  ("Bulletin  de  I'acad.  de  med.,"  xxviii.,  1880)  thought  that 
earthworms  might  carry  spores  from  buried  beasts  to  the  surface,  and 
eject  them  with  their  excreta.  But  Koch  regards  this  hypothesis  as  un- 
likely and  unnecessary  to  explain  the  spread  of  the  disease.  The  con- 
tamination of  the  surface-layers  in  the  process  of  burial  is  enough. 
Koch's  experiments  show  that  the  transmission  of  the  spores  through  the 
bodies  of  worms  does  not  play  the  important  part  assigned  it  by  Pasteur, 
but  they  do  not  exclude  it  altogether.     Other  experiments  prove  that 
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the  bacillus  may  be  cultivated  on  potatoes,  in  alkaline  or  neutral  hay  or 
pea-straw  infusions,  on  crushed  oats  or  barley,  on  turnip-juice,  maize, 
beans,  lentils,  and  many  varieties  of  dead  vegetable  matter,  if  only  suf- 
ficient water  be  provided.  It  is  therefore  probable  that  they  may  nor- 
mally grow  and  develop  outside  the  body  of  an  animal.  This  takes 
place  most  readily  in  marshy  spots  and  river-banks  (Koch).  Spores  are 
formed  in  summer,  and  persist  through  the  winter.  Inundations  then 
carry  the  germs  into  the  pasture-lands.  If  Koch's  views  are  correct,  the 
invasion  of  the  animal  body  by  the  bacillus  is  as  it  were  an  accidental  in- 
cursion of  an  ectogenous  organism.  Pasteur  has  shown  that  birds  enjoy 
no  immunity  against  anthrax. 

(2)  "  Symptomatic  "  Anthrax  {Rauschhrand). 

This  disease  is  probably  due  to  a  bacillus  found  in  the  affected  ani- 
mals. It  is  shorter  and  thicker  than  the  anthrax-bacillus,  forms  local 
aggregations  in  the  tissues,  and  is  accompanied  by  the  development  of 
gas.  See  Koch  {loc.  cit.),  and  Arloing,  Cornevin,  and  Thomas  on 
"Charbon  symptomatique "  ("Paris  Acad.,"  June,  1881). 

[  (3)  Malignant  (Edem,a. 

Koch  has  occasionally  found  in  putrefying  matters  a  bacillus  which 
produces  in  animals  an  affection  resembling  anthrax.  He  describies  the 
affection  as  malignant  oedema,  and  the  bacillus  as  B.  cedem,atis.  It  is 
fatal  to  mice  and  guinea-pigs.  The  site  of  inoculation  becomes  oedema- 
tous,  and  is  beset  with  bacilli.  These  spread  into  the  serous  cavities, 
but  except  in  mice  the  blood  remains  free  of  them.  If  mice  be  inocu- 
lated at  the  tip  of  the  ear,  they  survive.  The  bacilli  are  somewhat  nar- 
rower than  anthrax-bacilli.  It  is  possible  that  the  bacilli  found  in  cer- 
tain affections  due  to  poisonous  meat  (Huber,  "Arch.  f.  klin.  Med.," 
I XXV.)  are  oedema-bacilli. 

(4)  Intestinal  Mycosis. 

U       This  is  a  term  which  includes  several  bacterial  affections.     Sometimes 
I  the  affection  is  due  to  anthrax-bacilli,  sometimes  to  oedema-bacilli.     It  is 

possible  that  other  bacilli  and  micrococci  (Art.  477)  may  give  rise  to 

similar  disorders. 

References  :  E.  Wagner,  "Arch.  d.  Heilk.,"  xv. ;  Leube  and  Miiller, 

"  Arch.  f.  klin.  Med.,"  xii.  ;    Bollinger,  "  Beitrage   zur   vergl.  Path.  d. 
i Hausthiere,"  Munich,  1872;  Buhl,  "  Zeitsch.  f.  Biol.,"  vi.  ;  Waldeyer, 

"Virch.  Arch.,"  vol.  Hi.  ;  Fischl,  "Arch.  f.  exp.  Path.,"  xvi. 
j       Many  instances  of  so-called  "meat-poisoning"  are  to  be  reckoned  as 
'cases  of  intestinal  mycosis.     They  are  very  probably  produced  by  various 

micro-organisms  and  their  products.  In  some  cases  the  poisoning  is 
.simply  septic  (Art.  204  (3))  ;  in  others  it  is  apparently  specific,  and  in 
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some  of  these  latter  bacilli  are  certainly  concerned.     Exact  investigations 
on  the  subject  are  still  to  be  desired. 

References  :  Zangger,  "  Arch.  f.  Thierheilk.,"  xxiv.,  1871  ;  Albrecht, 
"Wochensch.  f.  Thierheilk.,"  1878  ;  Kussmaul,  «  Arch.  f.  klin.  Med.,'' 
iv.;  Ruber,  "Arch.  d.  Heilk.,"  xix.;  Walder,  "Berl.  klin.  Woch.,"  1878; 
W3'ss,  "  Corresp.  f.  schvveiz.  Aerzte,"  1881  ;  Bollinger,  "  Zur  Aetiol.  d. 
Infect.,"  Munich,  1881  ;  Ballard  and  Klein,  "Report  of  Med.  Off.  of  Local 
Govt.  Board,"  1880. 

(5)  Syphilis. 

Klebs  has  a  paper  on  a  bacillus  connected  with  syphilis  in  the  "  Arch, 
f.  exp.  Path.,"  X.  He  found  microscopic  rods  and  spherules  in  indurated 
chancres.  From  these  he  obtained  bacilli  by  cultivation.  Inoculating  a 
monkey  with  these,  he  produced  an  inflammatory  affection  in  some 
respects  resembling  syphilis,  in  other  respects  resembling  tuberculosis. 
Ziegler  made  many  similar  experiments,  but  was  unable  to  corroborate 
Klebs's  statements.  In  1878  he  and  von  Rinecker  attempted  to  cultivate 
the  substance  removed  with  all  care  from  indurated  buboes,  the  attempt 
was  repeated  many  times,  but  always  with  negative  results.  Various 
nutritive  substances  were  used  in  the  cultivation-experiments.  See  also 
Aufrecht,  "Cent.  f.  med.  Wiss.,"  13,  1881  ;  Birch-Hirschfeld,  ibid.,  U, 
1882. 

(6)  Malaria. 

The  Bacillus  malarice  was  taken  by  Klebs  and  Tommasi-Crudeli 
from  the  air  over  the  Italian  marshes  by  means  of  a  special  apparatus. 
Its  properties  were  tested  by  culture  and  inoculation.  They  also  found 
the  fungus  in  samples  of  soil  taken  from  the  same  districts.  They  con- 
clude— that  malarious  disease  can  be  reproduced  in  rabbits  ;  that  it  is 
caused  by  an  organism  ;  that  this  is  present  in  the  soil  of  the  malarious 
district  before  it  produces  fever  in  man  ;  and  that  its  passage  into  the  air 
can  be  observed  under  favorable  conditions.  Marchiafava  found  the 
bacillus  in  the  blood,  marrow,  and  spleen  of  patients  who  had  died  of 
malarious  fever. 

The  Bacillus  onalaricB  is  an  a6robious  organism,  which  flourishes  in 
soils  of  various  kinds  and  may  occur  in  places  that  are  not  marshy.  It 
forms  spores,  and  for  its  development  requires  a  temperature  of  20°  C. 
Laveran  found  ^^ filaments  mobiles  "  in  the  blood  of  ague-patients. 

References  :  Klebs  and  Tommasi-Crudeli,  "Arch.  f.  exp.  Path,,"  xi.; 
Ceci,  ibidem,,  xv, ;  Tommasi-Crudeli,  "  La  Malaria  de  Rome,"  Paris,  1881, 
"Nuovi  studj  sulla  natura  della  Malaria,"  Rome,  1881,  "Malaria  and  the 
Ancient  Drainage  of  the  Roman  HiUs,"  Practitioner^  2,  1881,  "  Istituzioni 
di  anat.  pat.,"  vol.  i.,  Turin,  1882  ;  Marchiafava  and  Cuboni,  "  Nuovi  studj 
sulla  natura  della  Malaria,"  "Acad,  dei  Lincei,"  January  2,  1881  ;  Mar- 
chand,  "  Virch.  Arch,,"  vol,  Ixxxviii, ;  Laveran,  "Nature  parasitaire  deg 
accidents  d'imj^aludisme,"  Paris,  1881  ;  Richard,  "  Comptes  Rendus." 
1881 ;  Sternberg,  ''  Rep.  Nat.  Board  of  Health  (U.  S,),"  1881- 
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(7)  Leprosy. 

Bacillus  leprae  was  found  in  all  the  leprous  nodules  they  examined 
by  Armauer  Hansen  ("  Virch.  Arch.,"  vol.  Ixxix.,  and  Quarterly  Journ. 
of  Micro.  ScL,  1880)  and  Neisser  ("  Breslauer  arzt.  Zeitsch.,"  1879,  and 
*'  Virch.  Arch.,"  vol.  Ixxxiv.).  The  bacilli  are  rather  longer  than  the  semi- 
diameter  of  a  red  blood-cell  ;  they  lie  partly  within  and  partly  without 
the  cells  of  the  leprous  nodules.  Neisser  cultivated  them  in  blood-serum 
and  extract  of  meat,  and  observed  them  develop  into  filaments.  They 
form  spherical  spores  which  are  seated  at  the  ends  of  the  rodlets,  or  form 
bright  vacuoles  in  the  middle  of  them.  They  spread  through  the  system 
by  way  of  the  lymphatics,  not  of  the  blood-vessels.  They  are  surrounded 
by  a  gelatinous  envelope  and  at  times  seem  to  be  motile.  Cornil  and 
Suchard  ("  Annales  de  Dermat.,"  1881)  have  confirmed  the  statements  of 
the  first  observers. 

(8)    Typlioid  Fever, 

Klebs  ("Arch.  f.  exp.  Path.,"  xii.,  xiii.)  and  Eberth  ("Virch.  Arch.," 
vol.  Ixxxi.)  have  found  bacilli  in  the  diseased   patches  of   the   intestine, 

,  and  in  the  mesenteric  glands,  in  cases  of  typhoid  fever.  Koch  has  con- 
firmed the  statement  ("  Mitth.  a.  d.  k.  Gesundh.,"  1881),  In  the  sloughs 
from  the  intestinal  ulcers  long  and  short  bacilli  have  been  seen,  in  the 
lymphatic  glands  only  the  short  ones.  The  latter  are  found  also  in  the 
vessels  of  various  organs,  especially  the  spleen,  kidneys,  and  liver.     They 

j  are  probably  the  exciting  cause  of  the  disease.  Maragliano  has  found 
similar  bacilli  in  the  blood  of  living  typhoid  patients  ("  Cent.  f.  med. 
Wiss.,"  41,  1882). 

The  above  results  seem  at  first  sight  to  disagree  with  those  of  Fischl 

;and  Eppinger  ("  Beitrage  z.  path.   Anat.,"  ii.,  Prague,  1880),  Letzerich 

I  ("Arch.  f.  exp.  Path.,"  ix.),  and  Tizzoni  ("  Studj  di  pat.  sperim.  sulla 
gen.  d.  tifo  abdom.,"  Milan,  1880).  These  observers  detected  micrococci. 
It  is  possible  that  micrococci  may  settle  in  the  typhoid  ulcers  by  waj'-  of 

I  a  secondary  invasion. 

(9)    Tuberculosis. 

Koch's  Bacillus  tuberculosis,  mentioned  already  in  Art.  127,  grows  in 

gelatine  impregnated  with  blood-serum  between  the  temperatures  of  30° 

and  40°  C,  but  not  beyond  these  limits.     It  cannot  therefore  complete 

jits  development  outside  the  body,  at  least  in  temperate  climates.     In 

I  most  cases  tuberculosis  starts  in  the  lungs,  which  become  infected  from 

'the  inspired  air.     The  chief  agent  in  contaminating  the  air  is  the  sputum 

(Fig.    80)  of   phthisical   patients,  which    invariably  contains  the   specific 

bacillus,   either   with   or   without   spores.      The    infective  power    of    the 

I  sputum  is  not  destroyed  by  drying.     It  is  highly  probable  that  the  spores 

are  likewise  unaffected  thereby. 
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The  tubercle-bacilli  grow  very  slowly,  and  therefore  do  not  readily 
succeed  vn  making  a  settlement  on  the  surface  of  mucous  membranes. 
Healthy  tissues  are,  besides,  at  all  times  difficult  to  infect.  The  settle- 
ment is  favored  by  wounds,  loss  of  epithelium,  stagnating  secretions,  etc. 

The  tuberculosis  of  domestic  animals  and  the  "  pearly-disease "  of 
cattle  are  due  to  the  same  bacillus  as  the  human  disease  (Koch,  "  BerL 
klin.  Woch.,"  15,  1882). 

The  bacilli  grow  well  in  sterilized  ox-serum,  but  they  develop  and 
multiply  very  slowly.  The  colonies  of  fungi  are  only  visible  to  the 
naked  eye  after  ten  days'  growth  ;  they  then  appear  as  dry  whitish 
scales.  These  are  made  up  of  delicate  rodlets.  Each  patch  attains  in 
three  to  four  weeks  the  size  of  a  poppy-seed,  and  then  ceases  to  grow 
further  until  transplanted  to  a  fresh  substratum.  This  is  owing  to  the 
fact  that  the  bacilli  have  no  power  of  locomotion,  and  so  cannot  spread 
over  the  nutrient  gelatine.] 

207.  Of  Spirohacteria  two  forms  are  known  to  occur  in  man.  The 
one,  apparently  quite  innocuous,  is  the  Spirochoeta  denticola  '  it  inhabits 
the  mucous  membrane  of  the  mouth  and  nose.  The  other,  the  Spirochoeta 
(or  SpiriUimi)  Ohermeyeri,  is  found  in  the  blood  of  patients  suffering 
from  relapsing  fever,  during  the  attacks.  It  is  almost  beyond  doubt 
that  the  disease  is  caused  by  its  invasion  and  multiplication  within  the 
blood.  Quite  lately  the  disease  has  been  transmitted  to  monkeys  by 
inoculation  with  the  spirillum.  Nothing  certain  is  known  of  the  habitat 
of  the  spirillum  outside  the  body.  It  is  easily  detected  by  the  microscope 
in  the  blood  by  reason  of  its  lively  movements  ;  these  sometimes  cause 
the  red  blood-cells  to  be  driven  and  pushed  about  in  the  field  of  view. 

[The  spirillum  of  relapsing  fever  was  discovered  by  Obermeyer  in  1873 
("Centralb.  f.  med.  Wiss.,"  10,  1873,  and  "  Berl.  klin.  Woch.,"  33,1873). 
Since  then  it  has  often  been  examined  and  described.  See  Weigert, 
"  Deutsche  med.  Woch.,"  1876  ;  Heydenreich,  "  Der  Parasit  des  Riick- 
fallstyphus,"  Berlin,  1877;  Moczutkowsky,  "Arch.  f.  klin.  Med.,"  xxiv.; 
Geddes  and  Ewart,  "Proc.  Roy.  Soc,"  xxvii.  The  successful  inoculation 
of  the  monkey  was  performed  by  Carter  ("  Deutsche  med.  Woch.,"  16, 
1879,  Lancet,  1,  1880,  and  "Spirillum  Fever,"  London,  1882).] 

208.  If  we  accept  for  a  moment  the  hypothesis  that  all  or  most  in- 
fective diseases  (other  than  those  due  to  animal  parasites)  are  caused  by 
the  development  of  bacteria  in  some  tissue  or  fluid  of  the  body,  we  are 
met  at  once  by  the  question  whether  in  that  case  each  specific  form  of 
disease  has  a  corresponding  specific  bacterium.  From  a  clinical  stand- 
point this  question  must  be  answered  in  the  affirmative.  The  most 
marked  feature  of  the  infective  diseases  is  just  this,  that  they  run  a  typi- 
cal and  special  course.  Even  though  this  may,  in  individual  cases,  be 
modified  by  various  influences,  it  is  in  general  so  characteristic,  so  pathog' 
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nomonic,  that  the  disease  can  often  be  diagnosed  by  its  course  alone. 
We  should,  therefore,  have  no  hesitation  in  inferring  from  the  specific 
course  of  the  disease  that  the  virus  which  excites  it  is  also  specific. 

Histological  examination  of  the  tissues  of  patients  affected  with  bac- 
terial disease  has  shown  that  in  some  cases  (relapsing  fever,  anthrax,  tu- 
berculosis, le]Drosy)  well-marked  forms  of  fungi  are  always  detected  ;  and 
further,  that  these  forms  of  fungi,  or  at  least  forms  belonging  to  one  or 
other  of  their  developmental  stages,  are  the  only  ones  constantly  found. 

In  other  cases  such  histological  distinction  has  not  yet  been  possible. 
The  micrococci  occurring  in  various  infective  diseases  do  not  as  yet  afford 
us  characters  sufficiently  well-marked  to  form  a  basis  for  distinguishing 
them  into  species.  It  must  not,  however,  be  assumed  that  these  various 
micrococci  are  identical,  and  that  it  is  merely  the  accidental  association 
with  them  of  this  or  that  poison  which  makes  them  seem  to  have  differ- 
ent properties. 

If  the  micrococcus  that  is  found  be  in  fact  the  exciting  cause  of  the 
disease,  we  must  admit  that  it  must  be  endowed  ah  initio  with  distinct 
properties.  From  the  pathological  point  of  view  as  well  as  from  the 
clinical,  we  must  regard  it  as  belonging  to  a  distinct  species.  As  we 
pointed  out  in  Art.  183,  we  are  compelled  to  classify  the  bacteria  into 
species  on  other  grounds  than  those  that  apply  to  the  higher  plants. 
Our  classification  is  based  as  yet  on  their  morphological  and  physiologi- 
cal peculiarities.  In  the  case  of  the  micrococci  we  are  confined  almost 
entirely  to  the  latter.  We  are  compelled  to  set  up  physiological  species. 
Thus,  as  the  chromatogenous  micrococci  are  classified  according  to  the 
color  they  produce,  so  the  infective  micrococci  are  classified  into  species 
according  to  their  pathogenous  properties. 

[Koch  has  shown  that  in  the  case  of  many  bacterial  affections  it  is 
possible  to  discover  in  the  fungi  well-marked  morphological  differences 
corresponding  to  the  physiological  differences  ("  Traumatic  Infective 
Diseases,"  1880).  Struck's  papers  also  contain  many  valuable  contribu- 
tions of  this  nature.      See  Arts.  204-307  for  further  references.] 

209.  Each  specific  microparasitic  disease  presupposes  a  specific  excit- 
ing cause,  that  is,  a  bacterium  with  special  physiological  properties. 

In  affirming  this  proposition  we  do  not  imply  that  the  specific  bacte- 
rium constitutes  a  distinct  species  in  the  biological  sense.  This  is  a  ques- 
tion which  cannot  be  answered  by  the  physician  ;  it  belongs  to  the  biolo- 
gist. He  will  have  to  make  out  whether  the  properties  attributed  to  the 
bacterium  are  constant,  and  whether  these  properties  are  the  only  ones 
possessed  by  the  corresponding  biological  species. 

On  these  points  observers  differ  widely.  Koch,  from  his  culture-ex- 
periments, has  come  to  the  conclusion  that  the  pathogenous  bacteria,  like 
the  non-pathogenous,  do  not  alter  in  their  properties.  If  bacteria  be  cul- 
tivated for  several  generations,  the  same  developmental  forms  continually 
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recur,  and  their  physiological  properties  remain  in  every  respect  the  same. 
Even  when  the  nutrient  medium  is  altered  from  time  to  time  no  recogniz- 
able differences  are  produced.  Koch  does  not  dispute  that  mutability  of 
species  is  possible  among  bacteria,  but  he  holds  that  no  adequate  evi- 
dence  has  yet  been  brought  to  prove  it. 

This  view  has  now  many  adherents,  especially  among  clinical  observers. 
Some  go  even  further  and  assert  that  mutability  of  species  is  impossible. 

The  most  important  opponents  of  Koch  on  this  point  are  Nageli, 
Davaine,  Buchner,  and  Wernich.  Nageli  thinks  that  both  the  mor- 
phological and  the  physiological  characters  of  the  bacteria  are  mutable. 
A  given  bacillus  does  not  invariably  produce  bacilli  of  the  same  struct- 
ure, and  does  not  always  pass  through  the  same  developmental  stages. 
A  bacterium  which  under  given  conditions  gives  rise  to  a  definite  kind  of 
fermentation,  may  lose  this  property  when  cultivated  under  different  con- 
ditions (Art.  192).  Thus  the  same  fungus  can  set  up  butyric  acid  fer- 
mentation or  lactic  acid  fermentation  according  to  circumstances.  Nageli 
regards  the  various  species  of  bacteria  above  described  not  as  biological 
species,  but  as  vegetative  forms  of  a  few  as  yet  undetermined  species. 

[References:  Nageli,  "Die  niederen  Pilze,"  Munich,  1877  and  1882; 
Buchner,  "Die  Nageli'sche  Theorie,"  Leipzig,  1878;  Birch-IIirschfeld, 
"Schmidt's  Jahrbiicher,"  1875  ;  Wernich,  "  Die  accommodative  Ziichtung 
der  Infectionsstoffe,"  "Kosmos,"  4,  1880;  "Die  Entwickelung  der  or- 
ganisirten  Krankheitsgifte,"  Berlin,  1880  ;  "Desinfectionslehre,"  1880; 
Pasteur,  "  De  I'attenuation  des  virus  et  de  leur  retour  a,  la  virulence," 
"  Comptes  Rendus,"  vol.  xcii. ;  Klebs,  "Arch,  f,  exp.  Path.,"  xiii. ;  Buch- 
ner, "Exp.  Erzeug.  d.  MilzbrandVjacillen  aus  Ileubacillen,"  Munich,  1880; 
"  Munchener  Acad.  d.  Wiss.,"  .January  12,  1882,  and  Nageli's  "  Untersuch. 
ub.  n.  Pilze,"  Munich,  1882  ;  Urlichs,  "Arch.  f.  klin.  Chir.,"  xxiv.;  Koch, 
"Traumatic  Inf.  Dis.,"  1880  ;  "Mitth.  a.  d.  k.  Gesundh.,"  Berlin,  1881 ; 
Gaffky,  ibidem:  Fokker,  "  Virch,  Arch.,"  vol.  Ixxxviii.;  Wolff,  "  Virch. 
Arch.,"  vol.  Ixxxi.;  Semmer,  "Virch.  Arch.,"  vol.  Ixxxiii. ;  Davaine, 
"Acad,  de  m6d.,"  Paris,  1872;  Greenfield,  "Proc.  Roy.  Soc.  Edin.," 
1880,  "Journ.  Roy.  Agric.  Soc,"  1880  ;  Klein,  "  Rep.  Med.  Off.  Loc.  Gov. 
Board,"  1881  ;  Miquel,  "  Bull.  Soc.  Botan.,"  1881. 

Wolff  maintains  that  micrococci  and  short  bacilli  change  into  each 
other,  and  seeks  to  support  this  l>y  showing  that  transitional  forms  exist. 
What  he  takes  for  transitional  forms  may  very  easily,  however,  be 
nothing  more  than  germinating  spores,  or  even  rodlets  viewed  obliquely. 
His  statement — that  he  obtained  bacilli  from  a  rabbit  into  whose  peri- 
toneal cavity  he  had  injected  micrococci — is  explicable  by  supposing  the 
injected  matter  to  be  impure.  Wernich  also  asserts  that  the  various 
forms  may  be  interchanged,  and  speaks  of  the  circumstance  as  evidence 
of  "  unstable  morphological  equilibrium."  He  gives  no  other  evidence 
in  support  of  his  idea.  With  regard  to  Klebs  and  Billroth,  and  their 
views  in  this  connection,  see  Art.  185.] 
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210.  The  defective  state  of  our  knowledge  makes  it  for  the  present 
impossible  to  give  a  definite  answer  to  the  question  of  the  mutability 
of  tJtie  bacteria.  It  would,  however,  appear,  from  the  researches  of 
Nageli  and  others,  that  we  are  not  absolutely  justified  in  regarding  all 
the  various  forms  as  representing  distinct  biological  species.  The  idea  of 
a  species  must  be  based  on  characters  that  are  constant,  not  on  those 
which  may  alter  with  the  surroundings. 

The  researches  of  Koch  and  his  pupils  do  not  prove  that  the  proper- 
ties of  the  bacteria  examined  by  them  are  perfectly  constant.  They  only 
show  that  the  morphological  and  physiological  qualities  possessed  by  a 
bacterium  at  a  given  time  are  retained  by  it  with  some  tenacity,  even 
■when  a  certain  amount  of  variation  takes  place  in  its  environment.  On 
the  other  hand,  the  researches  of  Nageli,  Buchner,  Wcrnich,  and  others 
seem  to  afford  evidence  that  this  constancy  is  not  shown  under  all  con- 
ditions ;  that  changes  of  the  nutrient  medium  may  have  some  effect  on 
the  form  and  size  of  the  cells,  on  their  mode  of  multiplication,  and  on. 
their  physiological  or  fermentative  properties.  Changes  of  this  kind  and 
extent  do  not,  however,  indicate  that  one  species  is  transformed  into 
another.  We  must  rather  conclude  that  one  or  other  of  the  properties 
possessed  by  a  biological  species  of  bacterium  may  be  brought  into  prom- 
inence by  proper  modifications  of  the  external  conditions. 

The  mutability  manifested  by  a  given  bacterium  will  thus  have  defi- 
nite limits.  The  bacterium  cannot,  in  any  period  of  time  within  the  ex- 
tent of  our  observation,  acquire  properties  different  from  any  of  those 
possessed  by  the  species  to  which  it  belongs.  As  to  the  extent  of  the 
cycle  of  varieties  through  which  any  one  of  the  known  bacteria  may 
pass,  we  know  indeed  but  little.  It  is  possible  that  the  properties  of 
many  of  them  admit  of  only  the  slightest  variations  from  those  with  which 
we  are  acquainted.  It  is,  moreover,  probable  that  many  of  the  varieties 
known  to  us  constitute  true  biological  species. 

211.  If  we  accept  the  hypothesis  that  different  vital  properties  of  the 
bacteria  may  be  brought  out  by  different  external  conditions,  we  have 
next  to  inquire  whether  the  pathogenous  bacteria  may  not  be  peculiar 
varieties  of  non-pathogenous  forms.  It  is  conceivable  that  in  certain 
circumstances  a  bacterial  virus  might  be  developed  from  an  innocuous 
bacterium,  and  might  ultimately  be  transformed  back  to  the  innocuous 
form  again.  This  view  has  been  maintained  by  several  authors  (Nageli, 
Buchner,  Wernich)  and  has  been  supported  by  various  experimental  re- 
sults. They  have  chiefly  relied  on  the  observation  that  ntiany  bacterial 
poisons  appear  to  become  more  virulent  by  transmission  from  animal  to 
animal  {e.g.,  that  of  Davainc's  septicjvnnia),  in  other  words,  that  by  con- 
tinual inoculation  the  parasite  learns  to  accommodate  itself  more  and 
more  completely  to  the  conditions  in  which  it  is  placed.  The  opponents 
of  the  theory  of  mutability  diminish  the  force  of  this  argument  by  show- 
ing that  the  increase  of  virulence  corresponds  with  an  increase  in  the 
"  purity  "  (or  freedom  from  admixture  with  other  bacteria)  with  which 
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the  fungus  is  cultivated.  If  a  mass  of  mixed  bacteria  be  injected  into 
an  animal,  there  will  be  at  first  several  forms  which  develop  simultan- 
eously, and  it  is  only  after  the  virus  has  been  transmitted  through  the 
living  body  twice  or  thrice  that  one  form  gets  the  upper  hand,  and 
develops  to  the  exclusion  of  the  others. 

The  theory  of  mutability,  and  especially  that  of  the  transformation  of 
non-pathogenous  into  pathogenous  forms,  receives  stronger  support  from 
an  experiment  of  Buchner's,  in  which  he  seemed  to  show  that  anthrax- 
bacilli  can  be  bred  from  hay-bacilli  (_S.  subtilis)  and  conversely.  Koch, 
Gaffky,  and  Klein  dispute  the  validity  of  the  experiment,  but  Buchner 
stands  by  it  and  claims  to  have  confirmed  it  by  fresh  results  of  a  like 
kind.     The  weight  of  evidence  is  for  the  present  against  him. 

At  present  we  are  unable  to  draw  any  certain  conclusion  regarding 
the  relation  of  non-pathogenous  to  pathogenous  bacteria.  Clinical  ex- 
perience would  indicate  that  the  activity  of  the  infective  virus  may  vary 
■within  certain  limits.  And  we  must  apparently  admit  that  the  infective 
bacteria  have  not  always  possessed  their  noxious  qualities,  but  have 
acquired  them  somehow  in  the  course  of  ages.  But  this  is  not  enough 
to  convince  us  that  harmless  bacteria  can  acquire  infective  properties 
rapidly,  that  is  to  say,  in  the  course  of  comparatively  few  generations. 
They  appear  rather  to  hold  by  their  properties  with  a  certain  tenacity 
We  may,  therefore,  provisionally  conclude  that  the  transformation  of  in- 
nocuous into  noxious  bacteria  can  occur  but  rarely  and  under  special  con- 
ditions. In  other  words,  the  pathogenous  bacteria,  even  if  they  do  not 
represent  biological  species,  are  wont  to  maintain  the  pathogenous  form 
for  long  periods  of  time. 

[Davaine,  Coze,  and  Feltz  experimented  on  the  septic  poison  obtained 
from  putrefying  blood.  They  at  first  asserted  that  its  virulence  increased 
with  extraordinary  rapidity,  so  that  in  the  twenty-fifth  generation  one- 
trillionth  of  the  amount  of  matter  originally  used  in  the  inoculation  was 
all  that  was  necessary  to  produce  the  same  infective  results.  Davaine 
became  afterward  convinced  that  the  virus  attained  its  full  power  in  the 
second  or  third  generation.  Koch  confirmed  this,  and  explained  it  by 
showing  that  the  original  matter  used  in  the  inoculation  was  impure,  i.e., 
contained  other  bacteria,  and  that  the  repeated  inoculations  gradually 
eliminated  the  admixture.  Gaffky's  experiments  brought  out  the  same 
result.  Rosenberger  ("  Centralb.  f.  med.  Wiss.,"  4,  1882)  has  lately 
found  that  the  gradual  increase  of  virulence  is  more  protracted  in  the 
case  of  the  Baoillus  oedematis. 

Wernich  finds  that  the  potency  of  the  Micrococcus  prodigiosus  (that 
is,  its  faculty  of  multiplying  and  producing  red  coloring-matter)  can  be 
increased  by  modifying  the  mode  of  cultivation.  Gaffky  regards  this 
fact  as  likewise  due  to  the  elimination  of  impurities. 

Buchner  first  announced  in  1880  that  hay-bacilli  could  be  transformed 
into  anthrax-bacilli.     If  hay -bacilli  are  injected  into  the  blood  of  animals 
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they  do  not  give  rise  to  anthrax.  If,  however,  they  are  bred  for  several 
generations  in  meat-extract  and  then  in  the  arterial  blood  of  a  rabbit, 
they  acquire  noxious  qualities  and  give  rise  to  anthrax  in  mice  after  two 
to  nine  days'  incubation.  Conversely,  if  anthrax-bacilli  are  properly  cul- 
tivated they  can  be  transformed  into  bacilli  whose  properties  are  identi- 
cal with  those  of  hay-bacilli. 

Koch  (Joe.  cit.)  disputes  the  correctness  of  Buchner's  observations,  and 
suggests  that  he  has  been  experimenting  with  the  oedema-bacillus  (Art. 
206  (3))  instead  of  the  J^acillus  anthracis.  According  to  Koch  the  an- 
thrax-bacillus and  the  hay-bacillus  do  not  resemble  each  other.  Hay-bacilli 
are  rounded  at  the  ends  and  possess  cilia  or  flagella  ;  anthrax-bacilli  are  as 
it  were  cut  off  square.  Buchner's  cultures  were  impure,  they  contained 
germs  of  other  bacilli,  and  these  by  degrees  suppressed  the  original  forms. 
While  the  hay-bacillus  was  supposed  to  be  breeding  in  the  blood  the  oedema- 
bacillus,  or  some  other  of  similar  action,  was  developed  ;  in  the  converse 
process  the  so-called  anthrax-bacilli  were  gradually  suppressed  by  others. 

In  a  later  memoir  ("  Akad.  d.  Wiss.,"  Munich,  1882)  Buchner  main- 
tains his  position  and  mentions  fresh  experiments  bearing  on  it.  In  his 
view  Cohn's  Macillus  siihtilis  includes  several  varieties  ;  namely  (1)  hay- 
bacilli,  (2)  Pasteur's  butyric  acid  ferment,  (3)  Fitz's  bacterium  ("  Ber. 
deutsch.  chem.  Gesellsch.,"  ix.,  1878),  which  converts  glycerine  into  ethylic 
alcohol,  (4)  anthrax-bacilli.  This  fungus,  which  he  regards  as  constitu- 
ting a  biological  species,  he  calls  Bacterium  subtile.  The  properties  of 
the  variety  which  produces  anthrax  may  be  retained  or  withdrawn  at 
pleasure  by  proper  modes  of  cultivation.  In  the  process  of  transforma- 
tion transitional  varieties  appear  representing  intermediate  stages  be- 
tween anthrax-bacilli  and  hay-bacilli.  The  middle  forms  only  produce 
anthrax  when  injected  in  very  large  quantities.  The  process  of  trans- 
formation may  be  completed  by  cultivation  in  an  alkaline  solution  of  egg- 
yolk  for  twenty-four  to  forty-eight  hours.  The  transformed  bacillus  (hay- 
bacillus)  is  distinguished  by  its  energetic  fermentative  activity,  and  causes 
albumen  to  coagulate.     It  is  inert  when  injected  into  the  blood. 

Nao;eli,  in  his  recent  book  entitled  "  Untersuchuno-en  liber  niedere 
Pilze,"  (Munich,  1882),  takes  up  the  same  position  as  Buchner  with  re- 
gard to  the  mutability  of  the  bacteria.  He  believes  that  one  and  the 
same  species  may  assume  different  forms  according  to  the  nutriment  it  is 
supplied  with.  These  forms  may  exhibit  different  physiological  and  even 
morphological  characters.  The  pathogenous  bacteria  are  "  nutrimental " 
modifications  of  non-pathogenous  species. 

Klein,  in  an  important  report  just  published  ("  Report  of  Medical  Officer 
to  the  Local  Government  Board  for  1881),  communicates  the  results  of  a 
series  of  researches  undertaken  to  test  Buchner's  hypothesis.  He  points 
out  the  probable  sources  of  error  in  Buchner's  work,  and  concludes  that 
the  anthrax-bacillus  retains  its  full  power  to  produce  specific  disease  so 
\ong  as  it  retains  any  power  at  all. 

References  :  see  under  Arts.  209  and  219.] 


CHAPTER  XXXL 
HYPHOMYCETES  AND  BLASTOMYOETES  (MOULDS  AND  YEASTS). 

212.  Mould-fungi  and  yeast-fungi,  with  their  congeners,  belong  like 
the  bacteria  to  the  achlorophyllous  Thallophytes.  They  appear  to  have 
no  nearer  affinity  than  this  to  the  bacteria,  and  they  have  no  phylogene- 
tic  relation  to  them.  The  mould-fungi  and  the  yeast-fungi  are,  however, 
more  nearly  akin  to  each  other,  for  it  is  probable  that  the  yeast-fungi 
are  the  primitive  forms  from  which  the  higher  fungi  have  developed 
(Brefeld). 

Moulds  and  yeasts,  like  bacteria,  can  only  draw  their  nutriment  from 
organic  carbon-compounds.  These  they  mostly  find  in  dead  organic  mat- 
ters, and  they  are  therefore  classed  as  Saprophytes,  Some  of  them,  how- 
ever, are  able  to  abstract  nutriment  from  living  tissues,  and  are  therefore 
to  be  reckoned  as  Parasites.  Both  forms  are  met  with  in  connection  with 
the  human  body. 

The  mould-fungi  or  Hyphomycetes  are  well  known  outside  the  body. 
They  form  the  familiar  flocculent  covering  or  pellicle  seen  on  decaying 
organic  substances,  and  variously  known  as  mould,  mildew,  mother,  etc. 
They  belong  to  several  distinct  genera,  and  even  to  distinct  sub-classes  of 
the  Thallophytes, 

The  yeast-fungi  or  Blastomycetes  are  also  familiar  organisms.  They 
set  up  alcoholic  fermentation,  and  form  the  yeasty  scum  .which  appears  on 
the  surface  of  alcoholic  liquors. 

[The  systematic  classification  of  the  Thallophytes  has,  in  the  last  year 
or  two,  undergone  considerable  modification. 

The  earlier  classification,  based  on  certain  obvious  characters  of  form 
and  habit,  was  into  Algce,  Lichenes,  and  Fungi.  This  subdivision  has 
been  modified  since  the  disco  ery  of  the  reproductive  organs,  and  in  many 
cases  of  the  entire  life-history,  of  the  various  forms.  No  sharp  line 
divides  the  algse  from  the  fungi.  Many  families  of  so-called  algse  and 
fungi  are  really  correlated,  inasmuch  as  they  agree  in  the  characters  of 
reproduction  and  "  alternation."  The  lichens  have  been  regarded  as 
ascomycetous  fungi,  which  are  parasitic  on  particular  algse,  the  gonidia. 

The  absence  of  chlorophyll,  and  the  variety  of  external  forms  (poly- 
morphism) which  occurs,  are  secondary  characters  ;  the  latter  especially 
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being  influenced  by  parasitism  (Sachs,  "  Text-book  of  Botany,"  Oxford, 
1882  ;  Brefeld,  *'  Botanische  Untersuchungen  iiber  Schirnmelpilze,"  Leip- 
zig, 1874-77.) 

Brefeld's  classification  is — (1)  JPhycomi/cetes=:a.\go\d  fungi  ;  (2)  Mj/- 
comycetes  —  true  higher  fungi ;  (3)  J!/ya;omyce^es=gelatinous  fungi ;  (4) 
JBlasto}n'i/cetes=yesist-iungi  ;  (5)  Schizo?7ii/cetes  =:ha.cter\3i. 

For  pathological  purposes  it  seems  more  convenient  to  retain,  as  Ave 
have  done,  the  older  and  well-marked  classes  of  bacteria,  moulds,  and 
yeasts.] 

The  Tlypliomycetes  or  Moulds. 


213.  Morphology  and  physiology.  The  mould-fungi  are  hypho- 
mycetous,  i.e.,  they  are  fungi  characterized  by  the  formation  of  a  'myce- 
lium. As  they  occur  in  man  they  appear  in  the  form  (1)  of  simple  or 
branched,  jointed  or  unjointed  filaments  of 
various  thicknesses,  and  (2)  of  ovoid  or 
spherical  cells.  These  filaments  are  the  hy- 
phce  (Fig.  81)  ;  the  compact  masses  or  tufts 
which  they  form  are  mycelia ;  the  spheri- 
cal, ovoid,  or  cylindrical  cells,  often  strung 
into  a  kind  of  chaplet,  are  the  spores,  or 
rather  the  conidia.  Spores  are  more  com- 
monly found  vpithin  the  human  body  than 
any  other  of  the  vegetative  forms  ;  fructi- 
fication is  rarely  observed.  These  fungi, 
are  classified  according  to  the  place  in 
which  they  are  found,  and  the  aifection 
which  they  produce.  Their  names  are  de- 
rived from  the  name  of  their  discoverer, 
from  the  name  of  the  disease  they  produce, 
or  otherwise.  Such  a  classification  can 
only,  of  course,  be  a  temporary  expedient. 
The  filaments  and  spores  are  not  the  plant,  they  represent  merely  a  de- 
velopmental stage  of  it,  and  by  no  means  determine  the  species.  To 
settle  this  the  plant  must  be  purely  cultivated  on  a  proper  soil,  and  its 
various  stages  traced  out. 

In  all  cases  the  cell  which  we  call  the  spore  or  conidium  grows  into  a 
germinal  tube  or  cylinder,  and  from  it  spring  a  greater  or  less  number  of 
ramifying  unicellular  or  multicellular  filaments  or  hyphse.  These  form  a 
mass  which,  taken  as  a  whole,  is  called  the  mycelium.  This  again  may 
give  rise  asexually  to  reproductive  cells,  which  develop  into  fresh  myce- 
lia.  In  other  cases  sexual  organs  are  formed,  and  the  product  of  the 
congress  of  the  male  and  female  elements  is  either  a  single  spore  {zygo- 
spore) or  a  fructification  in  which  numerous  spores  [ascosjjores)  are  devel- 
oped.    From  the  zygospore,  or  from  the  ascospores,  the  new  generation 
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-Fungi  from  a  Favus-patch. 
(Neumann.) 
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springs.  The  former  is  the  case  in  Mucor  Mucedo  y  the  latter  in  Asper- 
gillus glaucus,  Kndi  Penicillium,  glaucum, — the  commonest  of  the  ordinary 
moulds. 

214.  The  genus  O'idium  exhibits  the  processes  of  growth  and  multipli- 
cation in  their  simplest  form.  It  forms  a  white  downy  covering  on  de- 
caying organic  substances,  especially  on  animal  excreta,  fruit,  grapes 
( Oklium  TucJceri),  and  sour  milk.  According  to  Grawitz  ("  Virch. 
Arch.,"  vol.  Ixx,)  O'idium  lactis,  which  grows  upon  the  surface  of  milk, 
passes  through  the  following  stages  of  development.  The  conidia  or 
spores,  which  are  ovoid  cells,  lengthen  out  into  one  or  more  germinal 
tubes,  which  very  soon  become  jointed  and  throw  out  lateral  branches. 
These  branches  are  at  first  cylindrical,  but  later  on  they  become  rounded 
off,  and  then  appear  as  lengthened  ovoids.  Sooner  or  later  they  break 
up  by  transverse  subdivision  into  chains  or  chaplets  of  conidia.  The  sev- 
eral conidia-cells  then  recommence  the  developmental  cycle,  which  pro- 
ceeds as  before.  No  true  sporangia  or  spore-capsules  are  formed,  and 
no  kind  of  sexual  reproduction  has  been  observed. 

215.  Mucor  Mucedo  is  a  mould-fungus  which  grows  on  all  kinds  of 
substances,  but  chiefly  on  excreta  and  on  articles  of  food.  It  forms  the 
familiar  white  mouldy  covering.  When  the  spores  are  numerous  it  takes 
on  a  brownish-yellow  powdery  look.  If  these  spores  be  sown  on  the  sur- 
face of  a  decoction  of  horse-manure,  for  instance,  they  proceed  to  germi- 
nate within  a  few  hours.  The  long  ovoid  spores  become  larger  and  more 
spherical.  Then  they  throw  out  their  germinal  tubes  or  hyphi»  in  one 
or  more  directions.  In  twenty-four  hours  a  dense  interlacing  weft  of 
mycelium  is  already  formed,  made  up  of  non-septate  filaments  (Fig.  82, 
JB,  m),  branching  indefinitely  into  finer  and  finer  expansions.  The  entire 
mycelium  is  thus  one  enormously  branched  cell. 

"When  it  reaches  a  certain  point  this  vegetative  growth  ceases.  The 
contents  of  the  filaments  become  turbid,  and  draw  toward  the  middle, 
from  which  springs  a  stouter  branch  than  the  rest,  the  conidiophore  or 
sporangiophore  (g).  When  this  has  grown  somewhat,  a  button-like  pro- 
tuberance appears  at  its  apex  ;  this  is  the  sporangium.  It  consists  of  an 
enclosing  membrane  and  a  protoplasmic  core.  The  protoplasm  becomes 
segmented,  and  thus  are  formed  a  multitude  of  conidia  {A).  Septa  then 
begin  to  develop  in  the  filaments  of  the  mycelium. 

These  sporangia  are  non-sexual  structures.  When  ripe  they  consist 
of  a  membranous  spherical  envelope,  containing  a  mass  of  spores  agglu- 
tinated by  a  sticky  intercellular  substance.  In  water  the  membrane  gives 
way,  and  the  conidia  are  set  free. 

The  mode  of  multiplication  just  described  is  the  commonest  ;  but 
there  is  also  a  sexual  mode  of  propagation  by  means  of  what  are  called 
zygospores.  The  process  is  this  : — the  tips  of  two  filaments  rising  from 
the  mycelium  are  each  marked  off  by  a  septum,  so  that  each  ends  in  an 
apical  cell  (Fig.  82,  D,  aa).  These  tips  meet  and  the  cells  coalesce, 
and  by  absorption  of  the  separating  membranes  the  contents  flow  to- 
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gether.  The  single  new  cell  thus  produced  is  the  zygospore.  Its  mem- 
jbrane  becomes  thickened  and  it  grows  to  a  considerable  size.  The  thick- 
iened  membrane  is  divisible  into  a  blackish  exosporium  and  a  colorless 
[enclosporium.  From  this  zygospore,  which  in  the  case  of  Mucor  is  also 
a  resting-spore,  there  springs,  after  some  weeks  of  cultivation,  a  germinal 
hypha  (  G  Jc),  which  then  develops  a  hypha  bearing  a  sporangium  {g). 


Fig.  82. — Development  by  Conidia  and  Zygospores.  A,  the  conidiophore  or  conidia-bearing  hypha  of 
Mucor  Mucedo  in  optical  section  ;  B,  mycelium  of  Phycomyces  nitens ;  g,  conidiophore  ;  m,  unicellular  my- 
celium (three  days  old ;  grown  in  plum-decoction  and  gelatine  ;  the  finest  ramifications  are  left  out  in  the 
drawing ;  from  Sachs) ;  C,  germinating  zygospore  (s)  of  Mucor  Mucedo  ;  the  germinal  tube  or  hypha  (k) 
throws  out  a  conidiophore  (g) ;  O,  free  conjugating  branches  (6,  6)  whose  tips  (aa)  have  noc  yet  coalesced, 
but  are  marked  off  by  septa ;  the  zygospore  results  from  the  coalescence  of  tlie  cells  (aa). 

[We  owe  most  of  the  details  of  our  knowledge  on  this  part  of  the 
subject  to  Brefeld  ("  Botan.  Untersuch.  iiber  Schimmelpilze,"  Leipzig, 
1874-77)  ;  the  foregoing  account  is  taken  from  him.  The  mycelium  of 
Phycomyces,  in  the  figure  taken  from  Sachs,  agrees  generally  with  that  of 
Mucor ;  in  the  latter,  however,  only  a  single  conidia-bearing  hypha  is 
developed.] 

216.  The  life-history  of  Eurotium  Aspergillus  [Aspergilhts  glaucus) 
and  Eurotium  repens  is  somewhat  different.     These  two  fungi  are  found 
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on  various  substances,  but  chiefly  upon  cooked  fruit.  They  form  a  finely 
filamentous-jointed  mycelium  (Fig.  83,  A),  from  which  rise  a  great  num- 
ber of  aerial  hyphge  or  conidiophores  (c).  These  end  in  a  spherical  knob, 
from  the  upper  part  of  which  sprout  numerous  densely  packed  radial  peg- 
shaped  protuberances  or  sterigmata  (st).  Each  sterigma  gradually  devel- 
ops a  long  chain  of  conidia,  so  that  the  head  of  the  conidiophore  is  at 
length  covered  with  a  sheaf  of  such  chains. 


FiQ.  83. — Development  of  Eurotium  repens,  and  of  Asperaillns  glawius  (after  De  Bary).  A,  small  part 
of  mycelium  with  a  conidiophore  (c)  and  young  carpogonium  {as) ;  B,  the  spiral  carpogonium  {as)  and 
poUinodium  {p) ;  C,  the  same,  with  commencir.g  growth  of  filaments  to  form  the  wall  of  the  perithecium ; 
D,  a  mature  perithecium;  2?  and  f,  young  perithecla  in  optical  section;  w,  wall-cells;/,  "packing-cells" 
or  pseudo-parenchyma ;  at,  aacogonium  ;  (?,  ascus  ;  H,  ascospore. 

While  the  conidia  are  developing,  the  sexual  organs  are  being  formed 
within  the  same  mycelium.  The  end  of  a  mycelial  filament  becomes 
twisted  like  a  corkscrew  [A  as)  ;  and  the  spiral  turns  come  closer  and 
closer  to  each  other,  till  at  last  they  touch  and  form  a  hollow  spiral  tube. 
This  is  the  female  organ  or  carpogo7iiuin  (as).  From  the  lowermost 
turns  of  the  carpogonium  thin  branches  sprout  out,  which  grow  up  over 
the  outside  of  the  spiral.  One  of  these,  growing  more  quickly  than  the 
rest,  reaches  the  uppermost  turn  and  applies  its  point  closely  to  it  {B p). 
This  is  the  male  part  ov  jyoUinodiuni.     Conjugation  takes  place  between 
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it  and  the  carpogonium  ;  tJie  bounding  membranes  give  way,  and  tlie 
contents  coalesce.  Thereupon  from  the  lower  part  of  the  pollinodium 
and  carj)ogoiiiuin  spring  new  filaments,  which  increase  rapidly  in  nuniber 
and  cling  closely  to  the  spiral  (  C),  so  as  at  length  to  cover  it  up  com- 
pletely. These  tubular  filaments  subdivide  transversely,  and  so  an  en- 
velope of  polygonal  cells  {!>)  is  finally  formed.  This  envelope  is  the 
peritheciiDii,  and  it  forms  a  hollow  sphere  (jfe'  to)  containing  the  carpogo- 
niuin.  The  cells  multiply  so  as  to  fill  uj)  the  cavity  (/'^).  Meanwhile 
numerous  septa  are  formed  in  the  carpogonium,  and  from  the  joints 
spring  lateral  branches  {ascogenous  hyphm),  which  ramify  and  subdivide 
{^F as)  between  the  surrounding  cells.  Their  terminal  twigs  form  the 
asci  ( G)  (whence  the  fructifying  carpogonium  is  named  the  ascogonium). 
The  asci  are  tubular,  and  in  each  of  them  eight  spheres  (ascospores)  are 
developed.  As  the  ascogenous  filaments  develop,  the  "  packing  cells  "  or 
pseudo-parenchyma  of  the  perithecium  disappear.  Ultimately  the  asci 
a'so  vanish,  and  we  are  left  with  a  hollow  receptacle  filled  with  spores. 
AVhen  ripe  these  last  are  lenticular  or  biconvex  (If).  On  germinating 
they  again  form  a  mycelium,  which  produces  both  conidia  and  perithecia. 
There  is  no  true  alternation  of  generations  between  the  sexual  and 
asexual  varieties. 

217.  The  commonest  of  all  mould-fungi,  Penicillium  glauoum,  de- 
velops in  a  similar  way.  It  grows  on  the  most  meagre  soils.  Until 
lately  the  mycelium  with  its  conidia  was  the  only  form  of  it  which  had 
been  recognized.  Brefeld  showed,  however,  that  it  is  an  ascomycetous 
fungus  allied  to  the  Tuberacece  or  truffles. 

The  mycelium  consists  of  jointed,  much-branched,  uniform  filaments. 
Some  of  these  rise  as  conidiophores,  which  branch  at  the  apex  into  ste- 
rigmata,  and  produce  rows  or  chains  of  greenish-colored  conidia.  Peni- 
cilliuni  may  pass  through  several  generations,  all  following  this  mode  of 
propagation. 

But  there  is  also  a  sexual  mode.  As  in  JEurotlwm,  a  spiral  female 
carpogonium  and  a  male  pollinodium  are  developed.  In  the  former  the 
germs  of  the  new  plants  are  produced. 

After  fructification  the  carpogonium  throws  out  thin  sterile  filaments 
"which  interlace  to  form  an  envelope  for  it  ;  and  also  a  thicker  filament 
lying  in  the  centre  and  constituting  the  germinal  or  sporiferous  element, 
which  takes  the  form  of  a  branching  tube.  The  densely  packed  envelop- 
ing filaments  subdivide  freely,  so  as  to  produce  a  compact  and  coherent 
mass  of  cells.  The  cells  increase  greatly  in  size,  and  their  walls  become 
firm  and  hard  ;  so  that  the  structure  appears  at  last  as  a  firm  ball  or  tuber, 
looking  like  a  yellow  grain  of  sand.  This  is  called  the  sclerotium^  and 
may  be  preserved  in  the  dry  state  for  many  months  together. 

On  germinating  ascogenous  filaments  are  developed  within  the  carpo- 
gonium and  grow  out  into  threads,  some  of  which  are  stout,  while  others 
are  slender.     The   latter   have   to   do  with  the   absorption   of  nutriment 
from  the  enveloping  capsular  tissue,  the  former  with  the  process  of  fruc- 
21 
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tification.  Clusters  of  asci  are  developed  upon  them,  each  containing 
eight  spores.  The  whole  of  the  enveloping  tissue  is  ultimately  absorbed, 
with  the  exception  of  the  brownish  outer  layers.  The  asci  and  the  fila- 
ments likewise  vanish,  and  after  some  months  we  have  left  merely  a  hol- 
low capsule  filled  with  a  multitude  of  bright  j^ellow  spores.  From  these 
spores  or  ascospores  an  ordinary  mycelium  is  again  reproduced. 

218.  The  life-history  of  a  few  of  the  most  common  of  the  filamentous 
fungi,  some  of  them  occurring  in  the  human  body,  exemplifies  the  fact 
that  the  various  forms  have  various  modes  of  development  and  reproduc- 
tion. In  some  the  process  of  reproduction  is  very  simple.  The  mycelium 
gives  rise  by  subdivision  and  abstriction  to  separate  cells  or  conidia, 
which  have  the  faculty  of  existing  independently,  and  of  developing  a 
fresh  mycelium.  In  others  a  second,  more  complex  but  still  asexual,  mode 
obtains  ;  the  mycelium  shoots  out  specially  constructed  conidiophores  or 
sporangiophores,  and  these  bear  sporangia,  or  sterigmata.  In  or  upon  these 
receptacles  are  developed  reproductive  cells,which  we  term  conidia  or  spores. 

But  there  is  a  third  or  sexual  mode  of  propagation.  In  this  two 
equivalent  cells  unite  to  form  a  new  cell — the  zygospore  (as  in  Mucor) 
or  true  resting-spore  ;  or  a  female  organ  develops — the  carpogonium — 
which,  fructified  by  the  agency  of  a  male  organ  or  pollinodium,  develops 
a  germinal  or  ascogenous  organ  ;  and  this  again,  by  a  process  of  branch- 
ing and  subdivision,  produces  asci  or  spore-tubes  containing  the  true 
spores  or  ascospores.  From  these  the  cycle  of  development  may  begin 
once  more. 

This  sexual  reproduction  may  either  go  on  simultaneously  with  the 
asexual  modes,  or  an  alternation  of  generations  may  take  place.  That  is 
to  say,  from  a  conidium  a  mycelium  is  developed  which  possesses  sexual 
organs,  and  from  these  is  sexually  generated  an  asexual  plant.  This 
bears  ascospores,  and  they  again  form  a  mycelium  which  produces  coni- 
dia. It  is  not  to  be  forgotten,  however,  that  strict  alternation  of  this 
kind  rarely  occurs.  Without  prejudice  to  the  plant  the  alternation  may 
be  pretermitted  for  many  successive  generations,  as  is  the  case  with 
Penicillium.  In  any  case,  indeed,  the  number  of  asexual  generations  is 
much  greater  than  the  number  of  sexual  ones. 

Such  an  alternation  of  sexual  with  asexual  generations  is  not  peculiar 
to  the  fungi  ;  it  occurs  in  a  much  more  definite  manner  among  higher 
plants.  No  peculiar  polymorphism  is  exhibited  by  the  fungi.  The  idea 
of  polymorphism  has  arisen  from  the  fact  that  the  asexual  mode  of  re- 
production is  very  common  among  fungi,  while  the  sporangiophores  or 
conidia-bearing  organs  assume  very  various  forms.  Moreover,  in  all  of 
the  fungi  there  is  more  than  one  mode  of  asexual  reproduction.  The 
statement  of  various  authors  (like  Hallier) — to  the  effect  that  fungi  pos- 
sess a  special  and  peculiar  habit  of  pol^anorphism  or  "  pleomorphism  " — 
rests  mainly  on  error.  They  have  either  failed  to  cultivate  "  purely  "  the 
plants  studied,  or  they  have  been  ignorant  of  the  diverse  modes  in  which 
they  may  be  propagated. 
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[The  account  just  given  by  no  means  exhausts  the  various  modes  of 
sexual  and  asexual  reproduction  among  the  fungi.  We  liave,  for  exam- 
ple, said  nothing  of  the  formation  of  oospores.  Here  a  female  cell  or 
oosjjhere  develops  in  an  oogonium,  and  is  fructified  by  a  male  cell  or  sj^er- 
matozoid  developed  in  an  antherldmm.  From  this  is  bred  a  plant  like 
the  parent-plant,  or  else  a  multitude  of  germs  which  go  to  produce  a  new 
generation.  For  such  details  and  others  we  must  refer  the  student  to 
Sach's  "Text-book  of  Botany,"  or  to  Brefeld's  papers  above  cited.  All  we 
have  here  attempted  is — to  give  such  an  account  as  would  make  clear  the 
general  modes  of  growth  and  reproduction  of  the  mould-fungi,  and  en- 
able the  student  to  understand  the  allusions  to  them  that  are  constantly 
occurring  in  articles  on  the  fungous  parasites  of  man.] 

219.  The  form  and  texture  of  the  mycelium  and  the  mode  of  multi- 
plication depend  greatly  on  the  nature  of  the  nutrient  substratum.  Thus 
the  filaments  of  O'idium  lactis  may  be  short  or  long,  thin  or  thick,  ac- 
cording to  the  proportion  of  sugar  present  and  the  reaction  of  the  solu- 
tion. If  there  is  a  dearth  of  nutriment,  the  formation  of  conidia  is  gen- 
erally favored.  The  free  access  of  oxygen  is  also  of  import.  According 
to  Brefeld  sexual  reproduction  can  be  induced  in  Penicilllum  if  the  ac- 
i  cess  of  air  and  light  is  prevented  after  the  mycelium  is  formed. 

If  spores  of  Mucor  be  sown  in  a  saccharine  liquid  with  access  of  air, 
the  mycelium  developed  on  the  surface  is  made  up  of  branched  non-sep- 
tate hyphfe,  and  the  liquid  absorbs  oxygen   (Reess,  "  Botan.  Untersuch, 
[  liber  Alkoholgahrungspilze,"  1870  ;  and  Fitz,  "  Ber.   d.    deutsch.   chem. 
j  Gesell.,"  Berlin,  1873).     If  the  mycelium  be  immersed,  or  oxygen  with- 
\  drawn,  the  hyphse  develop  septa  and  break  up  into  longer  and  shorter 
'  segments  ;  these  then  multiply  by  budding  like  the  yeast-plant,  and  form 
a  kind  of  large-celled  yeasty  scum.      This  yeast  has  the  power  of  decom- 
\  posing  sugar  into  alcohol  and  carbonic  acid,  but  the   fermentation  ceases 
i  when   a  small   proportion    of    alcohol  is    formed.     The   same  is  true   of 

Mucor  raceraosus,  but  not  of  Penicillium  glaucum. 
I        If  the  composition  of  the  nutrient  substratum  be  gradually  altered, 
j  the  fungi  may  be  got  to  grow  on  substances  which  they  do  not  usually 
•  affect.     Thus  Eurotiuin  and  Penicillium  may  be  transplanted  from  bread 
to  solution  of  peptone,  and  can  ultimately  be  made  to  grow  on  the  sur- 
face of  blood  (Grawitz). 
s         The  limits  of  temperature,  within  which  the  mould-fungi  can  flourish, 
I  vary  with  the  different  forms.     Some  species  of  Aspergillus  {^A.  flaves- 
I  cens,  funiigatus,  nigrescens)  and  some  of  Mucor  grow  very  well  at  tem- 
peratures between  35°  and  40°  C. ;  while  A.  glaucus  and  Petiicillium  only 
thrive  below  34  C°.     The  spores  bear  high  degrees  of  heat  ;  to  kill  them 
!  outright  they  must  be  kept  at  a  temperature  of  110°  to  115°  C.  for  an  hour. 


[References  :  Grohe,  "Berl.  klin.  Woch.,"  1,  1871  ;  Loffler,  "Mitth. 
a.  d.  k.  Gesundh.,"  Berlin,   1881;   Grawitz,   "  Virch.   Arch.,"  vol.   Ixxxi.; 
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Lichtheim,  "  Berl.  klin.  Woch.,"  9,  1882  ;  Leber,  "  Griife's  Arch.,"  xxv., 
and  "Berl.  klin.  Woch.,"  19,  1883;  Duclaux,  "Ferments  et  Maladies," 
Paris,  1882  ;  Koch,  "  Berl.  klin.  Woch.,"  52,  1881  ;  Kaufmann,  "  Lyon 
medicale,"  1882.] 

220.  The  action  of  the  mould-fungi  on  the  nutrient  soil  on  which 
they  grow  is  slow,  and  limited  in  extent.  Thus  the  mouldy  covering 
which  forms  on  preserved  fruit  extends  only  to  a  slight  depth  below  the 
surface.  Mouldy  articles  of  food  acquire  a  peculiar,  unpleasant,  "  musty  " 
taste.  If  the  mycelium  of  a  fungus  gains  access  to  an  apple,  for  instance, 
the  apple  becomes  rotten  ;  i.e.,  a  process  of  change  and  decay  sets  in  ac- 
companied by  purely  chemical  decompositions.  Timber  in  which  mould- 
fungi  develop  becomes  soft  and  brittle,  and  breaks  down  into  a  dry 
"mouldering  "  dust.  Fungi  which  are  specifically  distinct  may  give  rise 
to  similar  or  identical  decompositions  in  articles  of  food,  timber,  etc. 
The  mycelium  of  Merulius  lacrhnans  (dry-rot)  destroys  the  wood-work 
of  houses. 

Moulds  may  likewise  attack  living  plants,  i.e.,  they  may  thrust  their 
niycelia  into  living  vegetable  tissue.  The  changes  they  occasion  are  va- 
rious. Sometimes  they  seem  to  exert  no  disturbing  influence  on  the  nor- 
mal development  of  the  tissue.  In  others  they  induce  abnormal  growths. 
The  so-called  "witches'  brooms  "  of  the  silver  fir  are  produced  by  the  set- 
tlement in  the  tree  of  the  Aecidiimi  elatinum.  Often  the  cell-contents 
become  altered  ;  thus  starch  and  cellulose  may  be  converted  into  turpen- 
tine.    Hartig  thinks  the  moulds  may  also  act  as  organized  ferments. 

Not  infrequently  the  fungi  destroy  altogether  the  plants  they  attack. 
Thus  the  O'ldiuin  Tuckeri  (vine-mildew)  seizes  on  the  green  parts  of  the 
vine,  and  destroys  it.  If  the  spores  of  Peronospora  infestans  reach  the 
tubers  of  the  potato-plant,  they  drive  their  germinal  hyphge  into  their 
substance,  form  a  mycelium  there,  and  so  ruin  the  potato  (De  Bary)  ; 
this  constitutes  the  "  potato-disease."  The  "  leaf-rust  "  which  destroys 
fruit-trees  is  likewise  due  to  a  fungus  {Moestelia  cancellata).. 

[References  :  Sachs,  "Text-book  of  Botany,"  1882  ;  De  Bary,  "Die 
gegenwartig  herrschende  Kartoffelkrankheit,"  Leipzig,  1861,  Journ.  of 
Botany,  1876,  "  Botan.  Zeitung,"  1881  ;  Hartig,  "  Ueber  die  durch  Filze 
bedingten  Pflanzenkrankheiten,"  Munich,  1881.] 

221.  Pathological  significance.  The  mould-fungi  do  not  act  as 
producers  of  disease  to  anything  like  the  same  extent  as  the  bacteria.  \ 
The  fact  that  they  require  abundance  of  oxygen  and  flourish  best  at  tem-i 
peratures  below  that  of  the  body  hinders  their  development  within  it.  i 
Moreover,  their  growth  and  reproduction  are  much  slower  than  in  thai 
case  of  the  bacteria,  and  this  also  is  a  hindrance  to  the  invasion  of  living: 
tissues  by  them.  Lastly,  they  do  not  usually  find  in  living  tissues  their 
proper  nutriment.     At  the  same  time  the  products  of  the  decompositions 
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set  up  by  them  are  by  no  means  so  poisonous  as  those  which  result  from 
the  development  of  bacteria.  For  these  reasons  the  effect  of  mould- 
fungi  or  their  germs  on  the  system  is  either  nil,  or  very  limited. 

Multitudes  of  fungus-germs  are  received  into  the  accessible  cavities 
of  the  body  with  the  air,  water,  and  food.  Most  of  these  germs  fail  of 
development  and  perish,  or  are  removed  from  the  body.  It  is  only  now 
and  then  that  they  produce  hyphfe,  and  that  only  when  they  reach  spots 
accessible  to  the  air  and  containing  necrotic  tissues  or  other  like  matters. 
Such  spots  are  the  mouth,  nostrils,  and  pharynx,  and  the  external  audi- 
tory meatus,  the  cornea,  trachea,  bronchi,  and  lungs.  In  the  "fur"  of 
the  tongue  of  patients  whose  mouths  are  not  kept  clean  we  often  find 
not  only  bacteria  but  also  the  spores  and  hyphae  of  various  filamentous 
fungi.  In  cases  of  bronchiectasis,  vomicae,  and'  pulmonary  gangrene 
various  forms  of  mycelial  growths,  such  as  Mucor,  JEurotium,  and  Asper- 
gillus, have  been  frequently  described.  They  produce  hyphae  and  co- 
nidia,  and  (rarely)  the  more  complex  conidiophores. 

These  fungi  are  not,  however,  to  be  regarded  as  the  specific  causes  of 
the  diseases  in  question.  They  are  merely  secondary  growths  developing 
on  the  dead  tissues  produced  by  antecedent  morbid  processes.  They 
have  merely  sprung  up  on  a  soil  which  they  found  already  prepared. 
They  are  not  parasites,  they  are  merely  saprophytes.  But  their  devel- 
opment in  the  necrotic  matters,  and  the  further  decay  they  set  up, 
may  nevertheless  tend  to  excite  inflammatory  action  in  the  neighboring 
tissues. 

The  fungi  found  occasionally  in  the  stomach  are  in  like  manner  to  be 
regarded  as  secondary  formations.  They  are  not  causally  connected 
with  the  disease  which  they  accompany.  They  are  sometimes  observed 
in  cases  where  the  gastric  functions  are  gravely  impaired,  as  in  carcinoma 
and  in  dilatation  of  the  stomach.  The  form  of  vegetative  growth  then 
met  with  is  not  the  ordinary  one  ;  the  fungi  multiply  by  subdivision  into 
short  cells  resembling  those  of  the  yeast-plant.  This  phenomenon  we 
have  already  seen  exemplified  in  the  case  of  Mucor  when  grown  under 
the  surface  of  the  nutrient  liquid. 

[On  mycoses  (or  fungus-affections)  of  the  lungs  see  Virchow,  "  Virch. 
Arch.,"  vol.  ix.  ;  Kuchenmeister,  "Die  in  dem  und  an  dem  Korper  des 
Menschen  vorkommenden  Parasiten  ; "  Friedreich,  "Virch.  Arch.,"  vol. 
X.  ;  Pagenstecher,  "Virch.  Arch.,"  vol.  xi.  ;  Cohnheim,  "Virch.  Arch.," 
vol.  xxxiii.  ;  Fiirbringer,  "Virch.  Arch.,"  vol.  Ixvi.  ;  Lichtheim,  "  Berl. 
klin.  Woch.,"  ix.,  1882;  Bollinger,  "Zur  Aetiol.  d.  Infect.,"  Munich, 
1881  ;  Kitt,  "Deutsche  Zeitsch.  f.  Thiermed.,"  vii. 

The  Aspergillus  which  is  found  in  the  lungs  is,  according  to  Licht- 
heim, the  A.  fmnigatus.  It  was  formerly  believed  that  A.  glaicciis  oc- 
curred within  the  body.  This  cannot  be  the  case,  however,  for  the  body- 
temperature  is  too  high.  A.  glaucus  forms  rounded  conidia-spores  12-13 
micromm.  in  diameter,  with  a  thick,  warty,  yellowish  envelope.    Those  of 
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A.  fumigatus  are  only  3-4  micromm.  across,  and  are  smooth.  Invasions 
of  the  Aspergillus  are  very  often  observed  in  birds. 

In  the  external  meatus  and  middle  ear  the  following  are  found — '^s- 
pergillus  fwnigatics,  nigricans,  flavescens,  and  Trichothecium  roseum. 
They  excite  inflammation.  The  instillation  of  oil  favors  their  develop- 
ment (Bezold,  "  Ueber  Otomycosis,  Zur  Aetiol.  d.  Infect.,"  Munich,  1881). 

Aspergillus  may  grow  on  the  injured  surface  of  the  cornea  and  lead 
to  suppurative  inflammation.  Leber  ("  Grafe's  Arch.,"  xxv.)  has  culti- 
vated it  on  the  cornea  and  in  the  anterior  chamber  of  rabbits.  Asper- 
gillus also  occurs  in  the  pelvis  of  the  kidney.] 

222.  Filamentous  fungi  are  the  exciting  causes  of  certain  skin  dis- 
eases. In  Favus,  Tinea  tonsurans.  Tinea  versicolor,  Tinea  sycosis,  and 
Onychomycosis  deposits  of  hyphffi  and  conidia  are  found  in  the  epithelial 
layers  of  the  skin. 

In  Favus,  for  example,  the  root  and  root-sheath  of  the  affected  hair 
(Fig.  84,  a,  h)  are  beset  with  jointed  filaments  and  spores.  The  other 
parts  of  the  hair  and  skin  are  also  interpenetrated  with  filaments  and 
spores,  and  these  tend  to  separate  the  constituent  epidermoid  cells  by 
loosening  their  cementing  substance.  Inflammation  is  set  up  and  scales 
and  crusts  are  formed  on  the  surface.  Grawitz  asserts  that  the  hyphse 
and  conidia,  which  are  met  with  in  the  above-named  mycoses  of  the  skin, 
all  belong  to  the  same  species  of  fungus,  wliich  is  identical  with  the 
O'ldlimi  lactis ^'  the  differences  observed  in  the  various  diseases  being 
simply  due  to  differences  in  the  nutrient  substratum.  Most  authors, 
however,  maintain  that  they  belong  to  different  species.  The  *f ungus  of 
Favus  is  called  Achorion  Scho7ileinii,  that  of  Tinea  tonsurans  (or  ring- 
worm) is  Trichophyton  tonsurans,  and  that  of  Tinea  or  Pityriasis  versi- 
color is  Microsporon  furfur. 

Most  of  the  parasitic  filamentous  fungi  infesting  man  seldom  pene- 
trate beyond  the  superficial  layers  of  the  tissues  affected.  They  can  only 
do  so  under  special  and  uncommon  conditions,  as  in  deej3  wounds.  Some 
few,  like  Aspergillus  fumigatus  and  favescens,  can  germinate  and  throw- 
out  filaments  into  the  blood,  if  they  succeed  in  entering  the  vessels  ;  but 
they  do  not  multiply.  As  they  grow  they  excite  inflammation  and  ne- 
crotic changes.  Only  two  fungi  referred  to  this  class  are  known  to  multi- 
ply in  the  substance  of  the  tissues,  and  they  cause  widespread  and  highly 
destructive  inflammations.  One  of  these  is  the  so-called  Actinomyces  or 
"ray -fungus"  which  causes  the  disease  known  as  Actinomycosis  (Arts. 
134-135).  Its  botanical  position  is  not  yet  determined  ;  if  it  is  a  myce- 
lial fungus  at  all,  it  differs  in  many  respects  from  its  congeners.  Some 
pathologists  go  so  far  as  to  question  whether  it  is  a  vegetable.  The 
other  is  the  Chionyphe  Carteri,  which  is  found  in  tissues  affected  with 
the  Indian  disease  known  as  '•' madura-foot "  or  Mycetoma.  Its  myce- 
lium penetrates  the  skin  and  subcutaneous  tissue,  and  suppuration  and 
ulceration  are  set  up. 
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[The  earliest  observation  of  filamentous  fungi  in  the  deeper  organs  war, 
made  by  Zenker  ("  Jahresb.  d.  Gesell.  f.  Natur-  und  Ileilk.,"  Dresden, 
1861-2).     Pie  found  them  in  cerebral  abscesses. 


Pig.  84.— Hair  ACected  with  Favus  (after  Kaposi),     a,  hair-biilb  and  shaft ;   b,  root-sheath  beset  with 

hyphce  and  conidia. 

Grohe  ("Berl.  klin.  Woch.,"  1,  1870)  and  Block  ("Ueber  Pilzbildung 
in  thier.  Geweb.,"  In.  Diss.,  Stettin,  1871)  made  the  first  experimental  re- 
searches on  the  behavior  of  mould-spores  introduced  into  the  blood. 
They  affirmed  that  the  spores  of  Aspergillus  glaucus  and  Penicillhim 
glaucum  germinate  when  injected  into  the  blood,  so  that  the  tissues  be- 
come penetrated  with  their  filaments.  Their  experiments  were  again  and 
again  repeated,  but  their  results  were  not  confirmed  until  Grawitz  took 
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up  the  subject  ("Virch.  Arch.,"  vol.  Ixxxi.),  He  found  that  to  obtain 
positive  results  the  fungi  must  first  be  adapted  to  the  conditions  of  the 
human  body  by  cultivation  in  an  incubator.  Koch,  Loffler,  and  Lichtheim 
(Art.  219),  however,  showed  that  this  is  not  always  necessary,  for  the 
conidia  of  various  moulds,  such  as  Asp.  fmnigatus,  A.,  flavescens,  and 
several  of  the  Mucorini,  have  the  power  of  developing  within  the  body. 
Experiments  made  with  a  view  to  acclimatize  other  varieties  to  the  con- 
ditions of  the  body  were  unsuccessful.  Grawitz's  results  are  vitiated  by 
the  fact  that  his  cultures  were  probably  "  impure." 

On  Madura-foot  see  Vandyke  Carter  "  On  Mycetoma,"  London,  1874, 
and  Lewis  and  Cunningham,  "The  Fungus-Disease  of  India,"  Calcutta, 
1875,  and  "  Quain's  Diet,  of  Med.,"  1883. 

The  affections  induced  by  the  mould-fungi  have  a  totally  different 
significance  from  those  induced  by  the  bacteria.  No  transmissible  infec- 
tive disease  has  yet  been  produced  by  the  former  class  of  organisms,  for 
they  do  not  multiply  within  the  body.  In  all  the  experiments  referred 
to  what  was  obtained  was  at  most  the  germination  of  conidia — never  their 
fructification. 

Among  invertebrate  animals  diseases  due  to  mycelial  fungi  are  by  no 
means  rare.  Hotrytis  hassiana  sets  up  the  so-called  muscardine-disease 
in  silkworms.  Cordyceps  inilitaris  destroys  the  noxious  pine-spider 
^Gastropacha pini).  Tarichium  megasperimtm,  a  black  fungus,  is  fatal 
to  the  noxious  caterpillar  Agrotis  segetiem.  The  genus  JEmp^isa  is  well 
known  ;  one  of  its  species  {E.  radicans)  attacks  the  caterpillar  of  the 
white  cabbage-butterfly,  another  {JEJ.  muscce)  the  ordinary  house-fly. 
These  are  often  found  completely  beset  and  permeated  with  mycelial 
filaments.] 

The  Ulastomycetes  or   Yeasts. 

223.  The  yeast-fungi  consist  of  round  or  ovoid  cells  of  various  sizes 
(Fig.  85).  The  cell-protoplasm  is  granular,  and  often  vacuolated.  It  is 
contained  within  a  cell-wall. 

Multiplication  takes  place  by  gemmation  and  abstriction.  An  out- 
growth springs  from  some  point  of  the  surface  of  the 
parent-cell  ;  this  grows  till  it  is  about  the  size  of  the 
parent,  and  then  it  is  abstricted.  In  some  conditions 
(Cienkowsky,  Grawitz)  the  cells  grow  out  into  filaments, 
but  these  do  not  become  jointed  or  subdivided.  If  joint- 
ed threads  seem  to  be  formed,  it  is  by  a  process  of  gem- 

FiG;  S5.-Sacoharomy-  mation,  like  that  which  produces  the  rounder  cells.  Di- 
ces Cerevisise.      x  400.  .  ^  i         i         i  e 

lution  of  the  nutrient  liquid  favors  the  development  or 
filaments  ;  abundance  of  sugar  favors  the  development  of  spherical 
cells.  Reess  asserts  that  new  cells  may  also  be  formed  endogenously,  by 
means  of  so-called  brood-cells. 

The  organism  which  sets  up  alcoholic  fermentation  is  a  yeast-fungus 
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ITorula).     When  it  multiplies  in  a  liquid  containing  sugar,  alcohol  and 

carbonic  acid  are  generated.  It  has  therefore  been  described  as  Saccha- 
\romyces.     The  scum  which  forms  on  the  surface  of  alcoholic  liquors  and 

leads  to  their  transformation  into  vinegar  also  contains  a  yeast-fungus  ; 
lit  is  distinguished  as  Mycoderma  vini  or  "mother  of  vinegar."     Nageli 

maintains  that  Torula  and  Mycoderma  are  not  distinct  species. 

[Sachs  classes  the  yeasts  with  the  bacteria  as  Protophyta.  Brefeld 
(regards  them  as  probably  mere  low  forms  of  the  moulds  or  filamentous 
j  fungi.  Cienkowsky's  paper  on  Mycoderma  is  in  the  "  Melanges  biolo- 
igiques  de  I'acad.  de  St.  Petersbourg,"  vol.  viii. ;  Grawitz's  in  "  Virch. 
•  Arch.,"  vol.  Ixx.  On  Saccharoinyces  and  alcoholic  fermentation  see 
jReess,  "  Bot.  Untersuch.  lib.  d.  Alkoholgahrungspilze,"  Leipzig,  1870; 
i Pasteur,  Op.  cit.  (Art.  191),  "Studies  on  Fermentation,"  London,  1879  ; 
i  Mayer,  "  Lehrbuch  d.  Gahrungschemie,"  1876;  Schutzenberger,  "  Fer- 
I  mentation,"  London,  1876;    Brefeld,  "  Phys.  med.   Gesellsch.  zu  Wtlrz- 

burg,"  v.,  1873  ;  Hiller,  "Die  Lehre  von  der  Faulniss,"  Berlin,  1879.    On 

the  various  theories  of  fermentation  see  Art.  191. 

Yeast-cells  not  only  set  up  fermentation  directly,  but  they  yield  an 

unorganized  ferment  which  changes  cane-sugar  into  grape-sugar.] 

224.  The  yeast-fungi  have  but  little  pathological  importance.  They 
have  no  power  of  invading  living  tissue,  and  therefore  they  are  only  to 
'  be  found  in  parts  that  are  accessible  from  without.  Even  there  it  is 
.  only  under  specially  favorable  conditions  that  they  are  able  to  grow 
i  freely.  There  is  usually  no  great  supply  of  fermentable  saccharine  mat- 
1  ter  available  for  them.  It  is  in  the  stomach  that  they  are  oftenest 
|i  found,  and  there  they  may  set  up  fermentation  ;  the  presence  of  the  gas- 
1  trie  acids  does  not  check  their  development.  If  fermenting  "  wort"  or 
''must"  be  drunk,  the  fermentation  goes  on  in  the  stomach. 

According  to  Grawitz  the  white  patches  known  as  "thrush"  (or 
aphthae)  which  form  in  the  mouth,  pharynx,  and  oesophagus  of  weakly 
children  and  debilitated  patients  are  due  to  the  presence  of  3Iycoderma 
vini.  The  mycelial  filaments  and  spores  found  in  these  patches  have 
usually  been  regarded  as  belonging  to  an  O'ldium  distinguished  as  0. 
albicans.  Grawitz  has  shown  that  on  cultivation  the  filaments  gemmate 
like  Torula  and  Mycoderma.  He  has  further  proved  experimentally  that 
the  latter  can  be  grown  in  the  epithelium  of  the  mucous  membrane.  The 
subepithelial  fibrous  tissue  is  not  usually  invaded,  and  then  only  when  by 
antecedent  changes,  constitutional  or  other,  the  resisting  power  of  the 
tissues  has  been  considerably  diminished. 


CHAPTER  XXXII. 
ANIMAL    PAEASITES. 

Arthropoda. 

225.  Araehnida.     The  arachnoid  parasites  are  mostly  ectozoa  ;  they 
inhabit  the  skin  for  a  shorter  or  longer  time.     Only  a  single  species,  Pen* 


Fig.  86. — Female  Acarus  Scabiei,  Dorsal  Surface,     x  200.    (From  Hebra's  Atlas  of  Skin  Diseases.) 

tastoma,  is  found  (in  the  larval  form)  within  the  substance  of  the  deeper 
tissues. 

(1)  Acarus  scabiei  (Sarcoptes  hominis),  or  itch  insect.     This  mite  is 


PARASITES. 


331 


about  the  size  of  a  small  pin-head,  and  somewhat  turtle-shaped.  It  has 
four  pairs  of  legs  springing  from  the  ventral  surface,  each  being  fur- 
nished with  bristly  hairs  (Fig.  86).  The  anterior  pairs  are  prolonged 
into  stalked  suckers,  as  are  also  the  posterior  pairs  in  the  male.  The 
foremost  of  the  two  posterior  pairs  in  the  male  and  both  posterior  pairs 
in  the  female  end  in  a  long  bristle.  The  border  of  the  body  behind  is 
likewise  furnished  with  bristles,  and  the  dorsal  surface  is  beset  with 
tooth-like  hooks  and  spines.  The  head  is  blunt  and 
rounded,  and  beset  with  bristles.  The  female  is  about 
twice  the  size  of  the  male. 

The  mite  lodges  in  the  epidermal  layer  of  the  skin, 
in  which  it  excavates  burrows  or  cunicidi  that  may  run 
to  10  mm.  in  length.  In  these  burrows  the  female  lays 
her  eggs.  From  the  eggs  the  young  acari  are  hatched 
in  loco  ;  they  proceed  to  burrow  further  into  the  epi- 
dermis, and  after  changing  their  skin  several  times  be- 
come sexually  mature.  The  irritation  caused  by  their 
presence  produces  inflammation  of  the  skin.  This  again 
is  greatly  intensified  by  the  scratching  induced  by  the 
intolerable  itching  of  the  affected  parts. 

(2)  Leptus  autumnalis,  or  harvest-mite.  This  like- 
wise infests  the  epidermis.  It  is  red  in  color,  and  thus 
is  readily  seen  in  spite  of  its  smallness.  It  gives  rise 
to  the  formation  of  papules  and  wheals.  Two  allied 
American  species  are  the  Leptus  Americanus  and  L. 
irritans. 

(3)  Acarus  (Demodex)  follicxdormn  (Fig.  87).  A 
third  mite,  which  is  found  solitary  or  in  small  numbers 
in  the  sebaceous  matter  of  the  follicles  in  perfectly  healthy  skin.  It  is 
about  0.2  mm.  long,  and  bears  four  pairs  of  short  stumpy  feet  on  the  tho- 
rax. The  head  bears  a  proboscis  and  a  pair  of  short  antennse.  It  has  no 
pathological  significance. 

(4)  Ixodes  ricinus  {hominis),  or  wood-tick,  is  also  an  occasional  para- 
site of  the  skin.  It  buries  its  proboscis  in  the  tissues  and  sucks  its  fill  of 
blood.  It  belongs  to  the  Acarina,  as  do  also  the  American  I.  xinipunc- 
tata  and  I.  bovis.  , 

(5)  Pentastoma  denticulatum  (Fig.  88).  This  is  an  arachnoid,  which 
in  its  larval  state  lodges  in  the  internal  organs.  Its  body  is  4-5  mm. 
long,  1.5  mm.  broad,  squat  and  rounded,  and  possessing  some  ninety  an- 

j  nular  segments  which  are  beset  with  spines  at  their  margins. 

I        The   mouth  is  surrounded  by  four  large  hooks  in  chitinous  sheaths. 

The  larva  chiefly  inhabits  the  liver,  more  rarely  the  spleen,  intestine, 
'  lung,  or  kidney.     "When  looked  iox  post-mortem  the  animal  has  generally 

been  dead  for  some  time  ;  it  then  appears  as  a  nodule  as  big  as  a  pea, 
t  made  up  of  a  mortar-like  chalky  mass  with  a  fibrous  capsule.  The  mass 
1  often  contains  booklets,  but  seldom  the  whole  animal. 


Pig.  87.  —  Acarus 
FoUifulorum.  x  3U0. 
(From  Perls.) 
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According  to  Leuckart,  Pentastoma  denticulatum  is  the  larva  of  Peri' 
tastoma  tcemoides,  a  lanceolate  arachnoid  inhabiting  the  frontal  sinuses 
of  various  animals,  chiefly  the  dog.  The  female  is  60-85  mm.  long,  the 
male  16-18  mm. ;  the  breadth  of  each  is  about  3  mm.  The  mature  ani- 
mal resembles  the  larva,  but  it  has  no  booklets. 


Fig.  88. — Head-end  of  Pentastoma  Denticulatum.     x  40.     (From  Perls.) 

[Pentastoma  constrictum  has  also  been  met  with  as  a  larva  in  the  liver 
and  in  the  lungs  (von  Siebold  ;  Aitken,  "  Science  and  Pract.  of  Medi- 
cine," 1882).] 

226.  Inseeta.  The  parasites  belonging  to  this  class  are  nearly  all 
epizoa.  Some  settle  on  the  skin  for  a  brief  time  only,  in  order  to  extract 
nutriment  from  it  ;  others  are  stationary  and  make  use  of  the  epidermal 
structures  for  the  deposit  of  their  eggs.  Of  the  many  insects  which 
afflict  man  we  need  name  only  the  following  : 

(1)  Pediculus  capitis,  or  head-louse.  This  inhabits  the  hairy  scalp, 
and  extracts  from  it,  by  means  of  its  proboscis,  the  blood  on  which  it 
feeds.  It  fastens  its  eggs  to  the  hairs  by  means  of  a  chitinous  covering. 
The  "  nits  "  are  easily  seen  as  small  grayish  oval  bodies,  tightly  affixed 
to  the  hair.  The  young  louse  emerges  in  about  eight  days,  or  less.  The 
irritation  induces  scratching,  which  may  set  up  somewhat  severe  inflam- 
mation or  eczema. 

(2)  Pediculus  joz^J^s,  or  crab-louse,  inhabits  the  hairy  parts  of  the 
body  and  extremities,  more  especially  about  the  genitals.  Its  mode  of 
life  is  much  like  that  of  the  head-louse,  but  it  is  smaller,  and  often  more 
difficult  to  detect. 

(3)  Pediculus  vestimentorum,  or  body  louse,  infests  the  underclothing 
and  lays  its  eggs  there.  It  passes  to  the  surface  of  the  body  merely  in 
order  to  feed.     It  is  somewhat  larger  than  P.  capitis, 

(4)  Cimex   lectuarius,   or   bed-bug,  infests    bedding,   bedsteads,  old    i 
floors   and  walls,  cupboards,  etc.,  and  betakes  itself  to  its   human  victim 
at  night   in  order  to  suck  blood  from  him.     It  produces  wheals  on  the 
skin. 

(5)  Pulex  irritans,  or  common  flea,  also  draws  blood  from  the  skin. 
At  the  point  attacked  is  found  a  small  punctiform  hemorrhage  surrounded 
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by  a  reddened  areola.  More  marked  swellings  or  wheals  are  sometimes 
formed.  The  eggs  are  laid  in  the  crevices  and  cracks  of  flooring-boards, 
in  saw-dust,  etc. 

(6)  Pulex  penetrans,  or  sand-flea  (chigoe  or  chigger.),  is  found  in  the 
sands  of  South  Africa.  The  female  buries  itself  and  lays  its  eggs  be- 
neath the  skin,  and  so  produces  intense  inflammation. 

(7)  Gulicida  and  Tipidida  (midges  and  mosquitoes),  Tabanida  (gad- 
flies), and  Stomoxys  calcitrans  also  take  blood  from  the  skin  and  excite 
transient  exudative  inflammations.  Some  flies  (  Oestrida)  lay  their  eggs 
occasionally  in  accessible  body-cavities  or  in  wounds.  This  occurs 
oftener  among  the  lower  animals  than  among  men.  Oestrus  hominis  (a 
doubtful  species)  lays  its  eggs  beneath  the  human  skin,  and  the  larvae 
(maggots  or  bots)  set  up  violent  inflammation.  Hceynatopota  pluvialis 
is  the  Scotch  "  clegg  ;"  it  attacks  men  and  beasts  indifferently. 

[The  above  account  has  been  chiefly  taken  from  Leuckart,  "  Die 
menschlichen  Parasiten,"  Leipzig,  .1863-76,  and  second  edition,  vol.  i., 
1879-81  ;  Heller,  "  Ziemssen's  Cyclopaedia,"  vols,  iii.,  vii. ;  Klebs,  "  H.  d. 
path.  Anat.;"  Perls,  "  Lehrb.  d.  allg.  Path.,"  ii.,  Stuttgart,  1879.  Other 
comprehensive  works  are — Kiichenmeister  and  Ziirn,  "Die  Parasiten  d. 
Menschen,"  Leipzig,  1882  ;  Davaine,  "Traite  des  Entozoaires,"  Paris, 
1877  ;  Mailer,  "  Statistik  d.  menschlichen  Parasiten,"  Erlangen,  1874  ; 
Stein,  "Die  parasitaren  Krankheiten  d.  Menschen,"  vol.  i.,  Lahr,  1882  ; 
Perroncito,  "  Parasiti  d.  uomo  e  d.  animali  utili,"  Milan,  1882  ;  Cobbold, 
"Parasites,"  London,  1879.] 

Scolecida,  or  Worms. 

227.  Nematoda.  The  parasitic  round-worms  and  thread-worms  are 
all  nematoids.  They  have  slender  cylindrical  elongated  (sometimes 
filiform)  bodies,  without  segments  or  appendages.  The  cuticle  is  thick 
and  elastic.  The  mouth  is  placed  at  the  anterior  extremity,  and  is  pro- 
vided with  soft  or  horny  lips  according  to  the  species.  The  intestine 
is  straight  and,  with  the  pharyngeal  and  gastric  portions,  extends  from 
end  to  end  of  the  body-cavity,  terminating  on  the  ventral  surface  just  in 
front  of  the  acuminate  tail.  The  genital  organs  and  their  orifices  are  on 
the  ventral  side.  The  female  genital  orifice  is  usually  placed  at  about 
the  middle-point  of  the  length  ;  more  rarely  it  is  anterior  or  posterior  to 
this.  The  male  orifice  coincides  with  that  of  the  anus  ;  it  is  provided 
with  a  chitinous  investment,  which  serves  also  as  a  prehensile  organ 
during  copulation.  The  males  are  usually  smaller  than  the  females 
Development  is  direct,  and  the  metamorphic  variations  slight.  •  The 
nematoids  parasitic  on  man  are  some  of  them  harmless  inhabitants  of  the 
intestine,  while  others  are  highly  dangerous  when  they  invade  the  deeper 
organs. 

228.  Ascaris    lumbricoides,    the    common     round-worm    or     maw- 
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Fig.  90.— Egg  of  Ascaris 
Lumbricoides  with  its  hliell 
and  albuminous  coating. 


worm   (Fig.  89),  is    a    cylindrical   worm    with    pointed    ends  ;  it  is  light 

brown  or  red  in  color.  The  female  {A) 
is  25-40  ctm.  long;  the  male  {£)  is  con- 
siderably smaller,  and  its  tail-end  is 
bent  into  a  hook 
provided  with  two 
spictcla  (c)  or  chiti- 
nous  spines.  The 
mouth  is  surround- 
ed by  three  muscu- 
lar lips  bearing 
very  delicate 
teeth.    The  female 

genital  orifice  (a)  is  anterior  to  the  mid- 
dle of  the  length.  The  eggs,  which  the 
female  bears  in  enormous  numbers,  have 
when  mature  a  double  shell  (Fig.  90) 
surrounded  by  an  albuminous  coating. 
fl'WMM  l"l'\l         It  is  about  50-60  micromm.  in  diameter. 

The  worm  is  found  in  all  parts  of  the 
alimentary  canal,  but  chiefly  in  the 
small  intestine.  When  the  females  are 
mature  great  numbers  of  eggs  are  shed 
and  are  found  in  the  fasces.  They  are 
very  tenacious  of  life,  and  are  not  killed 
by  drying  or  freezing.  The  life-history 
of  the  worm  is  not  fully  known.  It  is 
possible  that  the  eggs,  after  ejection 
from  the  intestine,  require  to  pass 
through  the  body  of  an  intermediate 
host  before  they  can  take  up  their  abode 
in  another  human  body.  Their  presence 
in  the  intestine  does  not  usually  give 
rise  to  any  serious  trouble.  Only  when 
they  are  very  numerous  do  they  cause 
intestinal  catarrh,  vomiting,  and  nervous 
irritation,  chiefly  in  children.  At  times 
they  pass  through  normal  or  morbid 
openings  in  the  intestinal  wall,  and  give 
rise  to  more  serious  disturbances.  Thus 
an  ascaris  in  the  common  bile-duct  may 
obstruct  the  outflow  of  bile  and  so  in- 
duce jaundice.  Or  if  it  pass  through  an 
ulcerated  opening  into  a  hernial  sac,  or 
into  the  peritoneal  cavity,  it  may  excite 
inflammation  in  the   corresponding  tis- 


i 


Fig.  89. — AscorU  Lum- 
bricoides. Natural  size. 
(From  Perls.)  A,  female; 
B,  male,  a,  female  genital 
onfice ;  b,  head-end  with 
the  three  lips,  magnified  : 
c,  male  orifice  with  spicula. 
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sues.     According  to  Leuckart  it  may  even  penetrate  the  wall  of  the  in- 
i    testine  where  there  is   no  pre-existing  wound.     It   is  often   voided  ^:*er 


anum,  and  occasionally  per  os  during  vomiting. 


Fig.  91.  —  Oxyuris  Vermicularis.  (From 
Leuckart).  A,  female,  and  B,  male,  magnified 
fivefold,  C,  egg,  magnified  350-fold. 


\^Ascaris  mystax,  or  round-worm  of  the  cat,  is  a  very  rare  inhabitant 
of  the  human  intestine.  It  is  considerably  smaller  than  the  common 
round-worm  (Cobbold,  "  Entozoa,"  1864-69).] 

2^9.  Oicyiiris  vermicularis,  the  thread-worm,  seat-worm,  or  maggot- 
worm  (Fig.  91),  is  a  small  round-worm.  The  female  {A)  is  10  mm.  long, 
and  acuminate  at  the  tail  ;  the  male 
i^B)  is  4  mm.  long  and  blunt  at  the 
tail,  which  is  furnished  with  a  single 
spiculum  at  the  anus. 

The  eggs  {C),  often  seen  in  great 
multitudes  within  the  body  of  the  fe- 
male, are  50  micromm.  long  and  24  mi- 
cromm.  broad.  One  side  is  flat  and  the 
other  rounded.  The  shell  is  covered 
with  a  thin  albuminous  coating.  The 
thread-worm  inhabits  the  upper  part  of 
the  colon  and  lower  part  of  the  ileum. 
According  to  Zenker  and  Heller  the 
mature  egg-bearing  females  affect  the 
colon  and  csecum,  the  younger  ones  and  the  males  affect  the  ileum. 
They  are  of  very  common  occurrence  and  are  often  found  in  vast  num- 
bers. They  are  apt  to  migrate  from  the  rectum  into  neighboring  parts, 
and  may  so  enter  the  vagina.  The  irritation  they  cause  induces  violent 
scratching,  and  this  again  brings  about  inflammation  of  the  skin  and  other 
disagreeable  consequences. 

When  the  eggs  have  been  ejected  from  the  body  with  the  fseces,  they 
must  be  taken  up  into  the  stomach  of  an  animal  before  they  can  develop. 
It  is  not  improbable  that  the  individual  host  may  reinfect  himself  ;  for 
eggs  may  stick  under  his  finger-nails  after  he  has  been  scratching  himself 
and  may  thus  be  inadvertently  carried  to  the  mouth. 

The  eggs  are  not  destroyed  by  being  dried,  and  in  this  condition  they 
m^y  be  carried  from  place  to  place. 

230.  Trichocephalus  dispar,  or  whip-worm  (Fig.  92),  is  a  common  but 
innocuous  parasite  inhabiting  the  csecum  and  neighboring  parts  of  the 
intestine.  Davaine  says  that  half  the  inhabitants  of  Paris  are  infested 
with  it.  Both  male  and  female  are  4-5  cm.  long.  The  anterior  part  of 
the  body  is  very  fine  and  thread-like.  The  posterior  part,  which  contains 
the  genital  organs,  is  much  thicker  ;  in  the  female  (-S)  it  is  straight  and 
cylindrical,  in  the  male  {A)  it  is  rolled  into  a  flat  spiral  and  furnished 
with  a  spiculum. 

The  eggs  (Fig.  93)  are  prolate  spheroids,  50  micromm.   in  length. 
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They  have  a  thick  brown  shell,  with  a  peg-shaped  glassy -looking  projec- 
tion at  each  pole. 

The  first  stage  of  development  is  passed  in  water  or  moist  earth.  It 
is  very  protracted,  lasting  even  in  the  warm  season  for  four  or  five 
months  ;  and  in  cold  weather  for  a  longer  time  still.  The  eggs  resist 
cold  and  drying  extremely  well. 


Fig.  93. 


Fig.  92  A. 


Pig.  92  B. 


Fig.  94. 
(From  Lenckart.)    The 


Fig.  92. — Trichocephalus  Dispar.     A,  male ;  B,  female.     Somewhat  magnified, 
male  is  anchored  in  the  mucous  membrane  by  means  of  his  whip-like  anterior  part. 
Fig.  93. — Egg  of  Trichocephalus  Uispar.     x  350.     (FromHejler.) 
Fig.  94. — Head-end  of  Dochmius  Duodenalis.     Magnified.     (From  Leuckart.) 

231.  Anchylostoma  or  SclerostoTna  duodenale  (^Dochmius  or  Stroiigy- 
lus  duodenalis)  is  a  small  worm  infesting  the  upper  part  of  the  small  in- 
testine. The .  female  is  cylindrical  and  6-18  mm.  long,-  the  male  6-10 
mm. 

The  head-end  (Fig.  94)  is  bent  toward  the  dorsal  surface  and  is  fur- 
nished with  a  bulging  oral  capsule.  This  is  cleft  almost  throughout  on 
the  dorsal  surface,  the  cleft  being  covered  by  two  chitinous  lamellae.  On 
the  ventral  lip  are  four  curved  teeth,  on  the  dorsal  lip  are  two  straight 
ones.  These  are  all  held  together  by  chitinous  clasp-like  structures. 
Beneath  the  dorsal  cleft  a  conical  projection  rises  from  the  interior  of 
the  capsule. 

The  male  at  its  posterior  end  has  a  three-lobed  bursa,  and  two  thin 
spicula  looking  like  slender  fish-bones.  The  posterior  part  of  the  female 
becomes  gradually  thinner  and  ends  in  an  awl-shaped  spine.  The  vulva 
lies  behind  the  middle  point.  The  oval  eggs  are  44r-67  micromm.  long 
and  23-40  broad.  They  pass  through  their  first  developmental  stages  in 
the  human  intestine  ;  in  the  next  stages  they  inhabit  dirty  or  muddy 
waters  ;  thence  they  again  obtain  access  to  the  alimentary  tract,  and 
there  grow  to  maturity.  Their  presence  in  the  small  intestine  is  not  free 
from  danger.     The  worm   gnaws  into   the  mucous    membrane  with  its 
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teeth  until  it  reaches  the  submucous  coat,  and  thence  it  sucks  its  fill  of 
blood.  The  point  attacked  is  recognizable  as  a 
small  ecchymosis,  in  the  middle  of  which  is  a  white 
spot  with  a  central  punctate  aperture.  This  aper- 
ture has  contained  the  head.  Occasionally  small 
blood-filled  cavities  are  found  in  the  mucous  mem- 
brane, each  containing  a  coiled-up  worm.  When 
present  in  number  these  parasites  give  rise  to  serious 
hemorrhages,  which  produce  intense  anaemia  in  the 
patient  (the  Egyptian  chlorosis).  The  parasite  is 
common  in  the  tropics.  According  to  Griesinger 
and  Bilharz  a  great  proportion  (something  like 
twenty-five  percent.)  of  the  natives  of  Egypt  suffer 
from  it.  Wucherer  says  it  is  also  common  in  Bra- 
zil. McConnell  has  met  with  it  in  India  {Lancet^ 
1,  1882).  Within  the  last  few  years  it  has  been 
very  frequently  observed  among  the  workmen  en- 
gaged in  the  St.  Gothard  tunnel. 


[References  to  Anchylostoma :  Griesinger, 
"  Arch.  f.  phys.  Heilk.,"  1854  ;  Wucherer,  "  Arch, 
f.  klin.  Med.,"  xii.,  1872  ;  Bilharz,  "Zeitsch.  f.  wiss. 
Zool.,"  iv.  ;  Leuckart,  op.  cit.  ;  Grassi  and  Parona, 
"  Annali  univ.  di  med.,"  1878  ;  Bozzolo  and  Pagli- 
ani,  "  Giorn.  d.  Soc.  ital.  d'  igiene,"  ii.,  Milan,  1880  ; 
Sonderegger,  "  Corresp.  f.  schweiz.  Aerzte,"  1880  ; 
Bugnion,  "Anchylostome  duodenal  et  anemie  du 
St.-Gothard  :  "  "Rev.  med.  de  la  Suisse  rom.,"  i., 
1881  ;  Perroncito,  "  Arch.  p.  1.  scien.  med.,"  v., 
Turin,  1881;  Long,  "Trans.  Int.  Med.  Congress," 
i.,  1881;  Megnin,  "Soc.  de  Biologie,"  March,  1882; 
Cobbold,  "Human  Parasites,"  1882,  Art.  "Scleros- 
toma,"  "  Quain's  Diet,  of  Med.,"  1882. 

Among  the  rarer  nematoid  parasites  are  the  fol- 
lowing. Eastrongylus  gigas  or  palisade- worm  ;  the 
female  attains  a  length  of  1  metre,  the  male  of  35 
cm.  ;  the  color  is  blood-red.  It  has  been  found  a 
few  times  in  the  pelvis  of  the  human  kidney  ;  but 
it  is  commoner  in  the  seal,  marten,  wolf,  and  dog. 
The  immature  worms  dwell  chiefly  in  fresh-water 
fishes.  Strongylus  lojigevaginatus  {hronchialis), 
a  thread-like  worm  26  mm.  long.  It  has  once  been 
found  in  the  lung  of  a  boy.  Anguillula  {Mhab- 
ditis)  stercoralis,  a  minute  round-worm  1  mm.  long, 
indigenous  in  Cochin-China.  It  infests  the  entire 
alimentary  tract,  bile-ducts,  and  pancreatic  duct, 
22 
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Fig.  95.— Mature  Trichinsa. 
Magnified.  (From  Leuckart.) 
A,  female ;  £,  male. 
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and  gives  rise  to  chronic  diarrhoea.  Perroncito  {loc.  cit.  and  Micr.  Soc. 
Journ.,  1882)  found  it  in  the  tunnel- workmen  at  St.  Gothard.  See 
Perls,  ''  Allg.  Path.,"  ii.  ;  Davaine,  "  Traite  des  Entozoaires,"  1877 ; 
Liebermann,  "  Dysenteric  chronique  de  Cochin-chine:  "  "  Gaz.  des  Plop.," 
1877  ;  Normand,  "  Arch,  de  Med.  Navale,"  1877.] 

232.  Trichina  sjyiralis,  or  flesh-worm  of  pork,  appears  in  two  forms, 
according  as  it  inhabits  the  intestine  or  the  muscles.  The  intestinal 
form  (Fig.  95)  is  the  sexually  mature  worm.  It  is  a  minute  filiform 
creature,  scarcely  visible  with  the  naked  eye,  and  white  in  color.  The 
female  {A)  is  3  mm.  long  ;  the  male  is  considerably  smaller. 

In  both  sexes  the  hinder  part  of  the  body  is  straight  ;  the  male  {^B) 
has  on  the  dorsal  side  of  its  tail  two  mam  miliary  protuberances  which  are 
turned  toward  the  ventral  aspect  and  include  between  them  four  wart- 
like nodules.  There  is  no  spiculum  ;  in  copulation  the  muscular  cloaca 
is  everted  and  protruded. 


Fig.  96. — Trichina  Encysted  in  Muscle,  showing  the  capsule  and  its  contents.    MagTiified.   (From  Leuckart.) 

The  alimentary  canal  begins  with  a  muscular  pharynx  which  widens 
as  it  passes  into  the  oesophagus.  This  latter  is  surrounded  throughout 
its  length  with  a  series  of  large  cellular  masses.  The  stomach  passes 
without  notable  change  of  structure  into  the  intestine.  In  the  male  this 
terminates,  with  the  seminal  ducts,  in  the  cloaca.  The  testis  consists  of 
a  tube  which  commences  ceecally  at  the  tail-end,  extends  forward  to  the 
cellular  bodies  round  the  oesophagus,  and  then  bends  back  to  be  joined 
by  the  seminal  ducts.  The  genital  organs  of  the  female  {A)  consist  of  a 
simple  ovary,  uterus,  and  vagina  ;  the  latter  opens  at  a  quarter  of  the 
whole  length  from  the  head-end.  The  ovary,  like  the  testis,  is  a  tube 
commencing  posteriorly  and  passing  forward  to  join  the  tubular  uterus. 

The  eggs  develop  into  embryos  in  the  uterus,  and  these  are  born  in 
the  free  state. 

The  trichina  of  muscle   (Fig.  96)   is  a  small   worm  0.7  to  1.0  mm.  in 
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length  ;  it  inhabits  the  fleshy  muscles.  It  is  usually  coiled  up  into  a 
spiral,  and  lies  in  a  fibrous  capsule  or  cyst,  which  sometimes  also  contains 
calcareous  matter.  A  finely  granular  substance  surrounds  the  coils  of 
the  worm.      One  capsule  may  enclose  two  to  five  trichinae. 

233.  The  following  is  the  life-history  of  the  trichina.  When  a  piece 
of  muscle  containing  live  encysted  trichinae  reaches  the  stomach  of  a  host, 
human  or  other,  the  capsule  is  dissolved  and  the  trichinae  set  free.  They 
come  to  maturity  in  the  intestine  in  about  two  and  one-half  days  ;  when 
they  proceed  to  pair.  The  birth  of  embryos  begins  on  the  seventh  day 
and  continues  for  some  time,  it  may  be  for  weeks.  A  single  worm  may 
bring  forth  one  thousand  to  thirteen  hundred  young.  These  then  migrate 
from  the  intestine  in  search  of  striated  muscle.  They  do  so  in  various 
ways.  Most  of  them  seem  to  pass  directly  through  the  wall  of  the  intes- 
tine, the  peritoneal  cavity,  and  the  subperitoneal  connective  tissues. 
Others  gain  access  to  the  lymph  and  blood,  and  are  thus  conveyed  to  re- 
mote organs.  Once  in  the  muscle  they  penetrate  the  primitive  bundles, 
reduce  the  contents  to  mere  detritus,  and  in  fourteen  days  or  so  become 
mature  muscle-trichinse.  At  first  they  are  only  enclosed  by  the  evacuated 
sarcolemma.  Afterward  a  cyst  is  formed,  consisting  partly  of  a  chitinous 
secretion  of  the  animal,  partly  of  hyperplastic  fibrous  tissue. 

The  intestinal  trichinas  live  but  a  short  time  (five  to  eight  weeks). 
The  muscle-trichinae,  on  the  other  hand,  may  live  for  a  very  long  time, 
perhaps  indeed  for  a  time  limited  only  by  the  death  of  their  host.  After 
a  while  calcareous  salts  are  generally  deposited  within-  the  cyst ;  this 
gives  the  cyst  a  lustrous  white  appearance  by  reflected  light,  and  a  dark 
or  turbid  appearance  by  transmitted  light.  If  for  any  reason  the  trichina 
dies,  the  contents  of  the  capsule  become  calcified. 

Trichinae  are  met  with  in  man,  in  the  pig,  cat,  rat,  mouse,  hamster, 
pole-cat,  fox,  marten,  badger,  hedgehog,  and  racoon.  By  feeding  on 
trichinous  flesh,  muscle-trichinte  may  be  acquired  by  rabbits,  guinea-pigs, 
sheep,  dogs,  etc.  Human  beings  are  infected  by  eating  uncooked  pork. 
Trichinosis  in  man  is  attended  with  very  various  symptoms.  Intestinal 
catarrh  follows  upon  the  introduction  of  the  trichinous  flesh  into  the  ali- 
mentary tract.  The  invasion  of  the  muscles  is  marked  by  swelling, 
oedema,  partial  paralyses,  and  not  uncommonly  fever.  The  symptoms  are 
at  their  height  in  the  fourth  or  fifth  week.  Death  not  unfrequently  en- 
sues. The  violence  and  gravity  of  the  symptoms  depend  generally  on  the 
number  of  trichinae  which  have  entered  the  muscles. 

The  trichinae  are  found  most  abundantly  in  the  diaphragm,  intercostal, 
cervical,  and  laryngeal  muscles  ;  they  are  least  abundant  in  the  muscles 
of  the  limbs.  They  are  usually  crowded  together  at  the  points  of  attach- 
ment of  the  muscle  to  its  tendon. 

[The  worm  was  first  discovered  by  Paget,  at  St.  Bartholomew's  Hos- 
pital, in  1834  ;  see  Lancet^  1,  1866.  Owen  named  and  described  it 
shortly  afterward. 
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The  literature  of  trichinosis  is  very  abundant  ;  we  can  only  refer  to  a 
few  of  the  chief  works  on  the  subject. 

Owen,  "  Zool.  Soc.  Trans,,"  1835  ;  Zenker, 
"  Virch.  Arch.,"  vol.  xviii.,  "Arch.  f.  klin.  Med.," 
viii. ;  Virchow,  "  Die  Lehre  von  den  Trichinen,"  Ber- 
lin, 1866;Leuckart,  "  Die  Parasiten  des  Menschen;" 
Heller,  "Ziemssen's  Cyclopaedia,"  vol.  iii.;  Cobbold, 
"Entozoa,"  1869;  Glazier,  "Report  on  Trich.," 
Washington,  1881  ;  Wendt,  "  Chronic  AfPect.  fol- 
lowing Trich. :"  New  York  Medi- 
cal Record,  1879.  For  further 
references  see  Cobbold,  "  Hu- 
man Parasites,"  1882.] 


334.  Filaria  {Dracuticulus) 
tnedinensis  (Fig.  97),  or  Guinea- 
worm,  is  a  fine  thread-like  worm 
from  sixty  to  one  hundred  cm. 
in  length.  Only  the  female  is 
known.  The  anterior  end  is 
rounded  ;  the  posterior  termi- 
nates in  a  pointed  tail  curved 
over  ventrally.  The  outer  cov- 
ering consists  of  a  firm  cuticle 
thickened  at  the  head-end  into 
a  kind  of  shield.  The  intestine 
is  narrow,  and  there  is  no  anus. 
The  gravid  uterus  occupies  near- 
ly the  whole  of  the  body-cavity. 
The  embryos  have  no  envelope  ; 
they  have  a  stout  cuticle  and  an 
acuminate  tail.  They  use  as  in- 
termediate hosts  certain  small 
crustaceans  ( Cyclops)  that  in- 
habit drinking-water,  and  so  they  ultimately  reach 
the  human  stomach.  In  Africa  and  Asia  they  are 
very  common.  They  develop  to  maturity  under  the 
skin,  giving  rise  to  cutaneous  abscesses.  They  are 
most  commonly  found  in  the  legs  and  feet,  espe- 
cially in  the  neighborhood  of  the  heel. 


Fig.  98— Embryo  of  Fi- 
laria Sanguinis  Hominifl. 
X  400.     (From  Lewis.) 


PiQ.  97.— Filaria  (Dra- 
cunculus)  Medinensis. 
Natural  size.  (From  Leuck- 
art.) 


[See  Leuckart,  op.  cit.;  Davaine,  "  Entozo- 
aires,"  etc.  ;  Cobbold,  "  Entozoa,"  1864.  The 
Guinea-worm  disease  has  been  identified  with  the 
dracontiasis  of  Plutarch,  and  with  the  endemic 
disorder  attributed  to  "  fiery  serpents  "  in  the  book 
of  Numbers.] 
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235.  Filaria  sanguinis  hominis  (Lewis),  or  sanguinolenta,  in  its  sexu- 
ally mature  form  is  a  filiform  worm  8  to  10  ctm.  long.  According  to 
Manson  it  inhabits  the  lymphatics,  especially  those  of  the  scrotum  and 
lower  limbs.  It  gives  rise  to  obstructions  of  the  lymph-current  and  to 
peculiar  inflammations,  which  end  in  elephantiasis  of  the  tissues  with 
oedema  and  lymphangiectasis.  Suppurative  inflammations,  lymphatic 
abscesses,  buboes,  chylous  hydrocele,  and  chylous  ascites  have  all  been 
observed  as  consequences  of  its  presence. 

The  embryos,  which  are  about  0.35  mm.  long  (Fig.  98),  pass  from  the 
lyijiphatics  into  the  blood  and  induce  heematuria  and  chyluria.  Both 
conditions  result  from  the  lodgement  of  the  embryos  in  number  within 
the  kidneys.  The  embryos  may  be  ejected  with  the  urine.  Manson  finds 
that  they  are  spread  by  the  agency  of  mosquitoes,  who  take  up  the  fila- 
riae  with  the  blood  they  suck.  The  filarije  pass  through  an  intermediate 
developmental  stage  in  the  body  of  the  mosquito  ;  thence  they  pass  into 
water,  and  thence  again  into  the  human  body.  It  is  thus  probable  that 
they  reach  the  vessels  and  tissues  from  the  intestine. 

.  The  Filaria  sanguinis  appears  to  be  indigenous  only  within  the  trop- 
ics (Brazil,  Egypt,  India,  Guadaloupe,  etc.). 

[See  Lewis,  "  On  a  H^ematozoon  Inhabiting  Human  Blood  :  its  Rela- 
tion to  Chyluria  and  other  Diseases,"  Calcutta,  1872  ;  Lancet,  2,  1877  ; 
Quarterly  Journal  of  Microscopic  Science,  1879  ;  Art.  "  Chyluria  : " 
*'Quain's  Diet,  of  Med.,"  1882  ;  Bancroft,  "Trans.  Path.  Soc,"  1878  ; 
Manson,  Lancet,  1,  1878,  and  "  Trans.  Path.  Soc,"  1881  ;  Cobbold,  "  Para- 
sites," 1879,  and  "  Human  Parasites,"  1882  ;  Journal  Quekett  Micro- 
scopic Chih,  1880  ;  Barth,  "  Annales  de  Derm,  et  Syph.,"  1881. 

Several  other  rare  species  of  Filaria  are  known.  References  to  them 
will  be  found  in  the  standard  works  of  Leuckart,  Davaine,  and  Cobbold, 
already  cited.] 

236.  Trematoda.  The  flukes,  or  suctorial  worms,  are  flattened  or 
tongue-shaped  worms.  They  possess  suctorial  pores  by  which  they  can 
adhere  to  surfaces,  and  in  some  cases  they  have  also  hook-like  processes. 
The  intestine  is  usually  bifurcated,  and  terminates  cjBcally.  The  develop- 
ment is  direct  or  by  alternate  generations.  In  the  latter  case  an  inter- 
mediate host  is  necessary.  This  is  usually  a  mollusc  ;  while  the  mature 
worms  almost  all  find  lodgement  in  vertebrate  animals.  The  interme- 
diate larval  stage  is  usually  preceded  by  a  period  of  active  locomotion. 
The  trematode  larvae  are  furnished  with  a  propelling  tail,  and  swim  about 
freely  as  cercaria. 

237.  Distoma,  hepaticum,  the  liver-fluke  (Fig.  99),  is  a  leaf-shaped 
trematode  28  mm.  long  and  12  mm.  broad.  The  head-end  projects  like  a 
beak,  and  bears  a  small  suctorial  disc  in  which  the  orifice  of  the  mouth  is 
visible.  Immediately  behind  this,  on  the  ventral  surface,  is  another  suc- 
torial disc.     The  genital  orifice  lies  between  the  two  discs. 
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The  uterus  is  a  convoluted  tube  lying  behind  the  posterior  disc.  Thfr 
ovaries  lie  on  each  side  of  the  hinder  part  of  the  body,  and  between  them 
lie  the  deeply  bifurcated  testes.  The  intestinal  canal  is  also  bifurcated 
and  much  branched. 


Fig.  99. — Distoma  Hepaticum,  with  Male  and  Female  G-enital  Organs,     x  2M-    (From  Leuckart.) 

The  eggs  (Fig.  100)  are  oval,  0.13  mm.  long  and  0.08  mm.  broad. 

When  placed  in  water  a  globular  embryo  is  developed,  which  swims- 
freely  by  means  of  its  ciliated  envelope.  The  details  of  its  life-history  are 
not  certainly  known.  The  adult  animal  infests  the  biliary  ducts  ;  more 
rarely  it  is  found  in  the  intestine  or  in  the  vena  cava.     It  is  rare  in  man^ 


Fig.  100. — Egg  of  Distoma  Hepaticum.      x  200.     (From  Leuckart.) 

but  very  common  among  the  ruminants  ;  it  causes  the  "  rot "  in  sheep.. 
The  consequences  of  its  invasion,  especially  in  great  numbers,  are  ob- 
struction of  the  biliary  ducts,  accumulation  of  bile,  dilatation  and  incrus- 
tation of  the  ducts  with  biliary  matters,  inflammation  around  them,  and 
hyperplasia  of  the  hepatic  connective  tissues,  with  associated  atrophy  of 
the  liver-cells. 


Fig.  101. — Distoma  Lanceolatum,  with  its  Internal  Organs,      x  100.    (From  Leuckart.) 

238.  Distoma  lanceolatum  is  only  8  or  9  mm.  long  and  3  to  2.5  mm^ 
broad.  It  is  lancet-shaped,  and  the  head-end  does  not  markedly  project. 
The  integument  is  naked.  The  two  lobulated  testes  lie  close  behind  the 
posterior  disc  and  in  front  of  the  ovary  and  uterus  ;  the  coils  of  the  lat' 
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ter  are  seen  through  the  transparent  body-walls.  The  more  anterior 
coils,  which  are  filled  with  eggs,  look  black,  the  remaining  coils  are  russet- 
colored.     The  yellowish-white  ovaries  lie  about  the  middle  of  the  lateral 


margm. 

The  eggs   (Fig.  102)   are   0.04  mm.  long. 


The   embryo  is  visible  in 


Fig.  103. — Eggs  of  Distoma  Lanceolatum  shortly  after  the  Shell  is  formed,      x  4U0.     (From  Leuckart.) 

them  before  they  have  left  the  utcius,  but  it  only  escapes  some  weeks 
after  they  are  deposited.  Its  metamorphoses  are  unknown.  This  fluke, 
like  the  other,  infests  the  biliary  ducts,  but  it  is  rarely  found  in  man.  It 
is  commonest  in  sheep  and  cattle,  but  as  it  is  usually  present  in  small 
numbers,  it  rarely  gives  rise  to  any  grave  disturbances  of  health. 

239.  Distoma  hceniatohium,  or  Hilharzia  hcematobia  (Fig.  103),  is  a 
species  of  fluke  in  which  the  sexes  are  distinct.  The  oral  and  ventral 
discs  are  close  to  each  other,  and  the  fore-end  of  the  body  is  slender. 
The  sexual  orifice  in  each  sex  lies  just  behind  the  ventral  disc.  The  male 
is  12-14  mm.  long.  The  body  is  flattened,  but  its  posterior  part  is  rolled 
laterally  into  a  kind  of  tube  or  gynsecophoric  canal  (Fig.  103)  into  which 
the  female  is  received.  The  female  is  16-19  mm.  long  and  almost  cylin- 
drical in  form.  The  eggs  are  prolate  (Fig.  104)  and  0.12  mm.  long.  They 
are  furnished  with  a  spine  which  may  be  either  terminal  or  lateral. 


Fig.  103.  Fig.  104. 

Fie,  103. — Distoma  HEematobium,  Male  and  Female,  the  latter  within  the  G-ynKcophoric  Canal  of  the 
former,     x  10.     (From  Leuckart.) 

Fig.  104.— Eggs  of  Distoma  Haematobium,  x  150.  (From  Leuckart.)  a,  with  terminal  spine ;  6,  with 
lateral  spine. 

These  worms  are  found  in  the  branches  and  main  stem  of  the  portal 
vein,  in  the  splenic  vein,  in  the  mesenteric  veins,  and  in  the  vessels  of 
the  rectum  and  bladder.  They  feed  on  the  blood,  and  infest  man  and 
the  monkey.     They  are  very  common  in  Egypt  and  Abyssinia,  the  Cape, 
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and  Natal,  where  they  give  rise  to  the  disease  known  as  "  endemic  hae- 
maturia."  The  cercaria  abound  in  canals  and  rivers,  and  gain  access  to 
the  body  in  drinking-water.  The  embryos  mature  quickly  and  permeate 
the  mucous  and  submucous  coats  of  the  ureters,  bladder,  and  rectum, 
and  occasionally  the  substance  of  the  liver.  They  set  up  inflammation 
of  the  bladder  and  ureters,  associated  with  ulcerations,  incrustations,  and 
concretions.  Hsematuria  is  always  produced.  Cylindrical  ciliated  em- 
bryos may  develop  within  the  urinary  tract. 

[References  :  Griesinger,  "Arch.  f.  phys.  Heilk.,"  xiii.,  1854  ;  Bil- 
harz,  "  Wien.  raed.  Woch.,"  4  and  5, 1856,  and  Brit,  and  For.  Med.-Chir. 
Kev.,  1856-58  ;  Sonsino,  "Arch.  gen.  de  med.,"  1876;  Oobbold,  "Para- 
sites,'" 1879  ;  Guillemard,  "  Endemic  Hsematuria,"  London,  1882.] 

240.  Cestoda.  The  cestoids,  or  tape-worms,  are  flat  compound 
"  worms,"  destitute  of  a  mouth  or  alimentary  canal.  They  multiply  by 
gemmation  from  a  pyriform  "  head  "  or  "  nurse."  The  budded  individu- 
als or  segments  remain  for  a  long  time  connected  with  the  head,  forming 
a  jointed  chain.  The  several  members  {proglottides)  of  this  colony  are 
hermaphrodite.  The  older  segments  increase  in  size  as  they  are  gradu- 
ally pushed  away  from  the  place  at  which  they  were  formed  by  the  con- 
stant development  of  new  segments.  In  other  respects  they  resemble 
each  other  exactly  ;  while  the  head  is  distinguished  by  possessing  two  or 
four  suckers  or  oscula,  and  generally  a  circlet  of  claw-like  hooks.  By 
means  of  these  the  tape-worm  fastens  itself  to  the  intestinal  wall  of  its 
host,  which  is  probably  always  a  vertebrate.  The  head  develops  from  a 
rounded  embryo  having  four  to  six  booklets.  These  embryos  [proscolices, 
hydatids)  are  found  in  the  various  parenchymatous  organs  of  the  inter- 
mediate host  ;  and  thence  by  what  we  may  call  passive  migration  they 
reach  the  intestine  of  their  final  host. 

The  cestoids  parasitic  on  man  belong  to  the  families  of  Tasniada  and 
£othriocephalida.  The  former  infest  man  both  as  hydatids  and  as  tape- 
worms ;  the  latter  only  as  tape-worms. 

[The  development  of  the  Cestoda  is  exhaustively  treated  in  the  hand- 
some work  of  Hein,  "  Die  parasitaren  Krankheiten  des  Menschen,"  1882  ; 
see  also  Davaine,  *' Les  Cestoides  :  "  "Diet.  ency.  sciences  med.,"  1874; 
Cobbold,  "Tapeworms,"  1874. J 

241.  Tcenia  solium  when  fully  developed  is  two  to  three  metres  long. 
The  head  (Fig.  105,  A)  is  the  size  of  a  small  pin-head  ;  it  is  globular  and 
the  suckers  project  somewhat.  The  vertex  is  not  uncommonly  pig- 
mented, and  is  surrounded  with  a  pretty  large  rostelluni  or  circlet  of 
some  twenty-six  hooks  (Fig.  105,  JS).  The  hooks  are  short,  broad, 
and  appressed,  with  a  small  projection  at  the  root.  The  head  is 
followed  by  a  filiform  neck   an  inch  or  so  in  length.     At  a  certain  dis- 
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tance  from  the  head  the  joints  begin  to  be  traceable.  The  first  joints 
are  very  short,  the  more  advanced  ones  are  longer  (Fig.  106)  ;  they  then 
become  square,  and  finally  the  length  is  greater  than  the  breadth. 
About  130  ctm.  beyond  the  head  the  mature  segments  begin,  though  the 
sexual  organs  have  been  fully  developed  in  earlier  segments.  The  ripe 
segments  (Fig.  107)  are  9-10  mm.  long  and  6-7  mm.  broad;  their  corners 
are  rounded  off.  The  genital  opening  lies  at  the  side,  somewhat  behind 
the  middle.  The  ovary  has  seven  to  ten  lateral  branches,  separated  by 
considerable  intervals;  each  branch  breaks  up  into  a  series  of  dendritic 
ramifications.  The  ovary  is  filled  with  eggs.  The  parenchyma  of  the 
.  body,  both  in  ripe  and  unripe  segments,  is  divisible  into  a  peripheral  and 
a  central  layer.     The  central  layer  contains  the  generative  organs  and  the 


Fig.  105. — A,  head  of  Taenia  Solium,  with  rostellum  protruded,      y  50.     (Carmine  staining ;  mounted  in 
Canada  balsam.)    B,  circlet  of  hooks  magnified.     (Leuckart.) 

water-vascular  system.  The  latter  is  an  excretory  apparatus  ;  it  takes 
the  form  of  two  lateral  canals  running  along  the  margins  of  the  entire 
chain  of  segments,  and  connected  by  cross-canals  at  both  ends  of  each 
segment.     Fine  ramifications  pass  from  these  into  the  parenchyma. 

The  male  and  female  sexual  organs  lie  close  to  each  other.  The  tes- 
tis is  a  clear  or  whitish  convoluted  tube  with  vesicles,  lying  in  the  fore- 
part of  the  segment.  It  passes  into  the  vas  deferens,  and  this  into  a 
cirrus  or  retractile  extremity,  which  is  rolled  up  within  a  muscular  pouch 
or  cloaca  at  the  middle  of  the  lateral  margin.  The  cirrus  can  be  everted 
and  protruded  through  the  genital  orifice.  The  opening  of  the  female 
organ  lies  close  behind  the  male  opening  in  the  same  genital  cloaca. 
From  this  the  vagina  passes  backward  toward  the  hinder  border  of  the 
segment.     Before  reaching  the  border  it  communicates  with  a  copulative 
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sac  or  receptaculum  seminis,  and  receives  the  duct  of  the  germ- bearing 
organ  or  true  ovary.  Then  turning  forward  it  passes  into  an  oviduct 
into  which  opens  the  duct  of  the  so-called  vitelligenous  organs.  The 
entire  ovigenous  organ  (which  must  be  studied  in  unripe  segments)  is 
thus  made  up  of  an  unpaired  germ-bearing  portion  or  true  ovary,  and  a 
pair  of  yolk-bearing  or  vitelligenous  glands,  all  lying  in  the  hinder  part 
of  the  segment.  The  oviduct  having  received  the  ducts  of  these  glands 
passes  then  into  the  dilated  matrix  or  uterus,  which  in  sexually  mature 
segments  forms  a  simple  straight  tube.  The  egg-germs,  leaving  the  true 
ovary,  become  impregnated  by  spermatozoa  from  the  seminal  receptacle,, 
and  passing  onward  are  invested  with  yolk-substance  from  the  vitelli- 
genous  glands.     Being  then   complete   ova  they  pass  into   the   uterus. 


S^'yp 


Fig.  lOH.  Fig.  107. 

Pig.  106. — Immature  and  Mature  Proglottides.     Natural  size.     (From  Leuckart.) 
Fig.  107. — Two  Proglottides,  showing  the  Uterus,     x  2.     (From  Leuckart. ) 

which  as  it  gradually  fills  throws  out  the  numerous  lateral  cseca  charac- 
teristic of  the  ripe  segment.  As  this  happens  the  other  generative  or- 
gans gradually  disappear. 

The  peripheral  layer  is  essentially  muscular,  but  it  contains  a  greater 
or  less  number  of  calcareous  granules.  These,  indeed,  are  not  entirely 
absent  in  the  central  layer.  The  muscular  tissue  is  made  up  of  non- 
striated  fibres  ;  in  the  neighborhood  of  the  sucking-discs  of  the  head 
they  form  peculiar  bunches  or  groups.  The  surface  of  the  tape-worm  is 
covered  with  a  transparent  cuticle,  from  which  the  booklets  of  the  head 
are  developed. 

242.  The  egg-germs,  as  they  leave  the  ovary,  are  pale,  thin- walled, 
spherical  cells.  In  the  oviduct  they  are  transformed  into  yellowish  glob- 
ules, which  become  covered  over  with  a  somewhat  opaque  envelope  or 
shell  thickly  beset  with  minute  spicula  (Fig.  108,  a).  It  is  frequently 
found  to  be  invested  by  a  second  covering  (b),  made  up  of  an  albuminous 
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^ayer  with  granules,  and  enclosed  in   a  fine  membrane  (primitive  vitelline 

membrane).      Without   this   envelope   the  egg  is  O.Uo  mm.  in  diameter. 

j  With  the  second  envelope  the  egg  already  contains  the  partly  developed 

embryo,  v?hose  six  booklets  can  be  distinguished.     Thus  the  embryonic 

I  development    begins   within   the  uterus  ;  the   ripe   segments  are  in  fact 

I  viviparous  animals. 

The  further  development  of  these  embryos,  which  are  now  enclosed 

j  in  a  brownish  envelope,  does  not  take  place  within  the  body  of  the  orig- 

I  inal  host  ;  they  must  pass  into  a  new  one.     When  they  reach   the  stom- 

'  ach  of  a  pig,  the  envelope  is  dissolved,  and  the   liberated    embryo  bores 

its  way  into  the  wall  of  stomach  or  intestine.     Thence  it  migrates,  either 

by  way  of  the  vessels  or  directly,  into  one  or  other  of  the  organs.     When 

at  last  it  settles,  it  passes  through  various   metamorphoses,  and   at  the 

end  of  two  or  three  months  is  transformed  into  a  vesicle  filled  with  serum 

•  (Fig.  109),  from  the  inner  surface  of  the  wall  of  which  springs  a  new 

i  head  or  scolex,  enveloped  in  a  second  membrane  or  receptaculum  scoHcis. 


Fig.  108.  Fig.  109. 

Fig.  108, — Eggs  of  Taenia  Solium,     x  300.    (From  Leuckart.)    a,  without  the  primitive  vitelline  mem- 
brane ;  6,  with  it. 

Fig.  109. — Cysticercus  Cellulosse,  with  the  head  and  its  membrane.     Natural  size.     ^From  Leuckart.) 

This  cysfor  vesicle  containing  the  head  of  the  tape-worm  is  called  a 
"  measle  "  or  cysticercus  cellulosae.  The  scolices  have  already  their  circlet 
of  hooks,  sucking-discs,  water-vascular  system,  and  calcareous  granules. 
If  the  scolex  reaches  the  stomach  of  a  man,  the  cyst-membrane  is  dis- 
solved, and  from  the  scolex  is  developed  a  chain  of  proglottides,  forming 
a  new  tape-worm. 

243.  Tmnia  solium  inhabits  the  small  intestine  of  man,  and  is  acquired 
by  eating  ill-cooked  pork.  The  corresponding  measle  is  found  in  man 
and  in  the  pig  exclusively,  or  nearly  so.  In  the  intestine  the  worm  is 
generally  solitary,  but  cases  in  which  two  or  more  have  co-existed  are 
not  very  rare.  In  some  instances  from  thirty  to  forty  have  been  found 
in  one  parson.  The  tape-worm  gives  rise  to  irritation  of  the  mucous 
membrane,  colic,  and  reflex  nervous  disturbances. 

The  measle  or  cysticercus  also  occurs  in  man,  as  we  have  already  indi- 
cated. It  is  found  in  the  most  various  tissues,  in  the  muscles,  brain,  eye, 
;Skin,  etc.  Its  pathological  significance  depends  on  its  seat  ;  but  it  is 
usually  slight.  Even  in  the  brain  it  does  not  always  give  rise  to  serious 
consequences.  It  excites  a  local  inflammation  which  induces  a  fibrous 
thickening  of  the  tissues  round  the  cyst.      It  maintains  its  vitality  for 
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years.  After  the  death  of  the  scolex  the  cyst  shrinks,  and  chalky  masses 
are  deposited  within  its  cavity.  The  hooklets  may  be  found  long  after- 
ward. Cystic  infection  depends  necessarily  on  the  introduction  of  eggs 
or  proglottides  into  the  stomach. 


Fig.  111. 


Fig.  110.  Fig.  112. 

Fig.  110. — Fragments  of  a  Tcenia  Saginata.    Natural  size.    (From  Leuckart.) 

Fig.  111. — Head  of  Tcenia  Saginata  Betracted,  with  Dark  Pigment  in  and  between  the  Sucking-discs. 
X  30.     (Unstained  glycerine  preparation. ) 

Fig.  112. — Segment  of  Tcenia  Saginata.     x  1^.     (From  Leuckart.) 

[  Cysticercus  racemosus  is  a  measle  of  the  brain.     It  is  distinguished  I 

by  the  fact  that  it  remains  sterile  and  forms  grape-like   bunches  of  vesi-  ' 

cles  (Heller,  "  Ziemssen's  Cyclopaedia,"  vol.  iii.;  Zenker,  "  Henle's  Bei-  ■ 
trage,"  Bonn,  1882). 

Abnormalities  of  development  are  very  often  observed  in  individual  I 
iape-worms.] 
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244.  Tceiiia  mediocanellata  or  saginata  exceeds  T.  solium  not  only  in 
length  (it  may  reacii  four  metres)  but  in  width  and  thickness,  as  well  as 
in  the  size  of  the  separate  proglottides  (Fig.  110,  p.  348). 

The  head  (Fig.  Ill)  has  neither  hooklets  nor  rostellum.  Its  vertex  is 
smooth  and  furnished  with  four  large  sucking-discs,  usually  surrounded 
■with  a  dark  pigmented  border. 

The  eggs  are  like  those  of  T.  solium.  The  uterus  (Fig,  112)  has  a 
large  number  of  lateral  diverticula,  running  close  to  each  other  and 
branching  dichotomously,  not  like  T.  solium  in  dendritic  ramifications. 
The  genital  opening  lies  below  the  middle  of  the  lateral  margin.  The 
segments  which  break  loose  are  generally  empty  of  eggs. 

The  corresponding  cysticerci  infest  the  muscles  and  organs  of  cattle. 
The  development  follows  the  same  course  as  in  the  case  of  T.  solium. 
Malformations  of  the  worm  are  very  frequently  observed. 

Man  acquires  this  tape-worm  by  eating  uncooked  beef.  It  is  more 
widely  diffused  than  T.  solium,. 


[Tcenia  cueumerina  or  elliptica  is  fifteen  to  twenty  ctm.  long;  its 
head  has  a  circlet  of  hooks  and  a  rostellum.  It  is  often  found  in  cats  and 
dogs,  rarely  in  man.     Its  cysticercus  infests  the  dog-louse. 

Taenia  nana  is  a  small  tape-worm  fifteen  mm.   in  length  ;  its  head 
has  four  sucking-discs  and  a  circlet  of  hooks.     It  has  been 
found  in  Egypt. 

The  frequent  malformations  to  which  Tosnia  is  subject 
have  led  to  the  multiplication  of  species,  or  rather  of  spe- 
cific names.  Many  of  these  refer  to  what  are  at  best 
mere  varieties.] 


245.  Taenia  echinococcus  inhabits  the  intestine  of  the 
dog.  It  is  4  mm.  long,  and  possesses  only  four  segments, 
of  which  the  last  is   larger  than  all  the  rest  of  the  body 

I  (Fig.  113). 

The  hooklets  have   a  blunt  process  at  the  base,  and 

\  are  seated  on  a  somewhat  prominent  rostellum.  There 
are  some  thirty  or  forty  of  them.  Only  the  cystic  form 
or  hydatid  is  known  to  occur  in  man  ;  he  acquires  it  by 

,  the  introduction  of  the  eggs  into  the  alimentary  canal. 
When  the  embryo  migrates  from  the  intestine  to  some 

)  other  organ,  it  is  transformed  into  a  cyst   incapable  of 

':  active  motion.  The  hydatid  oyst  consists  of  an  ex- 
ternal lamellar  highly  elastic  cuticle,  and  an  internal  lining  of  body-par- 

I  enchyma  consisting  of  granular  matter,  cells,  muscle-fibres,  and  a  vascular 
system.     When  the  cyst  reaches  the  size  of  a  walnut  (or  in  some  cases 

I   sooner)  it  begins  to  develop  from  the  parenchymatous  layer  a  series  of 

i   smaller  vesicles  (brood-capsules).     The  wall  of  these  is  likewise  twofold  ; 

j   but  the  cuticular  layer  is  within  and  the  parenchymatous  layer  without. 


Fig.  113. —  Full- 
grown  Taenia  Echi- 
n  o  o  o  c  c  u  s.  X  12. 
(From  Leuckart.) 
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On  these  brood-capsules  develop  numbers  of  heads  or  scolices  (Fig.  114). 
According  to  Leuckart  they  are  formed  out  of  sacculated  outgrowths 
from  the  external  wall  of  the  capsules  (see  the  left  side  of  Fig,  114). 

When  the  rudimentary  head  has  become  fully  developed  into  a  scolex 
{sometimes  even  sooner),  it  is  retracted  within  the  cyst,  which  it  thereby 
invaginates  (Fig.  114).  What  was  before  the  internal  or  cuticular  surface 
of  the  head  now  becomes  the  outer  surface.  The  original  outer  surfaces, 
which  are  parenchymatous,  come  now  into  contact  and  adhere  to  each 
other.  The  head  is  then  about  0.3  mm.  long,  and  has  a  rostellum  with 
tiny  blunt  booklets,  four  sucking-discs,  a  water-vascular  system,  and  nu- 
merous calcareous  granules  in  its  parenchyma.  The  fore-part  of  the  body 
is  often  invaginated  within  the  hind-part. 


Fig.  114. — Brood-capsules  of  Echinoooccus  in  connection  with  the  Parenchymatous  Layer  of  the  Cyst. 
X  50  circa.  (From  Leuckart.)  Some  of  the  capsules  are  closed,  some  have  been  burst  open  in  making  the 
preparation. 

In  many  cases  these  echinococcus-cysts  remain  single.  The  only 
change  they  undergo  is  that  they  grow  larger  as  fresh  capsules  and  sco- 
lices are  formed,  so  that  they  at  length  reach  the  size  of  a  big  orange,,  or 
of  the  closed  fist.  The  surrounding  tissues  form,  by  condensation  and 
thickening,  a  pseudo-cyst  round  the  cuticular  membrane.  The  cavity  of 
the  cyst  is  filled  with  clear  liquid,  which  is  not  coagulable  by  heat  or  acid. 
The  brood-capsules  are  always  seated  on  the  inner  surface,  unless  they 
are  shaken  loose  mechanically.  They  appear  as  small  white  points  lying 
in  the  transparent  parenchyma.  Occasionally  the  cyst  may  remain  alto- 
gether sterile. 

246.  In  many  cases  "  daughter-cysts  "  are  formed.     They  develop  in 
the  thickness  of  the  cuticle  independently  of  the  proper  parenchymatous 
layer.     Between  two  lamellae  of  the  cuticle  is  formed  an  aggregation  of 
granules    which    becomes    surrounded  with    a   secondary  cuticle.     This 
forms  the  starting-point  of  a  new  series  of  layers.     As  the  layers  multiply 
the  inner  cavity  increases  in  size  and  its  contents  at  length  become  clear 
and  liquid.     As  the  daughter-cyst  grows  it  forces  out   the  wall  of  the  I 
parent  cyst  like  a  hernial  sac,  until  it  at  length  gives  way  and  sets  the  I 
daughter-cyst  free.     Escaping  thus  into  the  tissues  round  the  parent  cyst 
it  receives  from  them  an  external  fibrous  envelope,  and   proceeds  to  de- 
velop brood-capsules  in  the  same  way  as  the  primary  cyst  derived  from  i 
the  six-hooked  embryo. 
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An  echinococcus  which  is  thus  reproduced  exogenously  is  called 
Echinococcus  granulosus  or  scolecipariens  (Kiichenmeister).  It  is  also 
described  as  E.  veterinorum,  as  it  often  occurs  in  domestic  animals. 

A  second  compound  echinococcus  is  the  E.  hydatidosus.  It  is  char- 
acterized by  the  formation  of  internal  daughter-cysts.  Naunyn  ("  Dor- 
pat,  med.  Zeitsch.,"  1870)  asserts,  and  Leuckart  agrees  with  him,  that  the 
scolices  and  brood-capsules  may  undergo  a  cystic  transformation,  and  so 
become  daughter-cysts.  Naunyn  goes  on  to  say  that  these  endogenous 
daughter-cysts  may  migrate  from  the  parent  cyst  and  so  produce  the  E. 
granulosus  ;  but  this  Leuckart  disputes.  The  internal  daughter-cysts 
sometimes  develop  daughters  of  their  own  or  "granddaughter-cysts." 
Each  of  the  cystic  forms  of  which  mention  has  been  made  may  reach  to  a 
very  considerable  size. 

247.  The  third  form,  or  Echinococcus  mtdtiloctdaris,  only  forms  small 
cysts,  from  the  size  of  a  millet-seed  to  that  of  a  pea.  They  are  always 
present  in  very  large  numbers. 

The  E.  tmdtilocidaris  appears  as  a  hard  tumor,  seated  in  the  liver. 
It  is  built  up  of  a  multitude  of  alveoli  separated  by  dense  scar-like  fibrous 
tissue.  The  contents  are  transparent  and  jelly-like  or  semi-fluid.  The 
alveoli  are  spherical  or  irregular  in  form.  Here  and  there  the  tissues  may 
have  softened  and  broken  down,  and  thus  ulcerated  cavities  are  formed. 
In  other  places  the  vesicles  are  shrunken  and  calcified,  or  the  tissues  are 
bile-stained.  The  distinct  alveolar  texture  of  the  growth  led  to  its  being 
regarded  as  a  tumor,  and  it  was  described  as  alveolar  colloid  of  the 
liver.  Virchow  ("Verb.  d.  phys.  med.  Ges.  zu  Wurzburg,"  vi.,  1855) 
was  the  first  to  make  out  its  real  nature,  and  he  showed  that  the  colloid 
masses  were  made  up  of  echinococcus-cysts.  The  smallest  vesicles  merely 
contain  granular  matter,  the  larger  contain  liquid.  The  granular  pseudo- 
parenchymatous  covering  of  the  cuticle  seldom  contains  scolices,  most  of 
the  cysts  being  sterile. 

E.  midtilocidaris  is  possibly  an  abnormal  variety  or  '•  sport"  from  the 
1   exogenous  form. 

[References  :  Virchow,  "  Virch.  Arch.,"  vol,  vi.  ;  Leuckart,  "  Parasi- 
ten,"    vol.  i  ;  Klebs,  "  Handb.    d.    path.    Anat. ;"    Bollinger,    "Deutsche 
Zeitsch.  f.  Thiermed.,"  ii.,  1875  ;  Proujeansky,  "Die  multiloculare  Echin- 
•  ococcusgeschwulst,"  In.  Diss.,  Zurich,  1873;  Morin,  "Deux  cas  de  tumeurs 
i  a  echinocoques,"  In.  Diss.,  Berne,  1875  ;  Huber,  "Arch.  f.  klin.  Med.,"  i., 
I  iv.,  v.,  xxix. ;  Waldstein  ("Virch.  Arch.,"  vol.  Ixxxiii.,  with  beautiful  illustra- 
tions)  brings  forward  evidence  to  show  that  the  dissemination  of  the  ech- 
inococcus may  be  effected  through  the  lymphatics  of  the  liver.     He  gives 
full  references  to  previous  memoirs.] 

248.  The  occurrence  of  hydatids  in  man  implies  that  the  eggs  of  the 
corresponding  canine  tape-worm  have  somehow  gained  access  to  his  body. 
The  liver  is  the  commonest  seat,  but   hydatids  are   found  in  all  organs. 
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Apart  from  the  local   inflammation  and   fibrous  hyperplasia  they  induce, 
they  often  cause  no  trouble  to  the   patient.     When  a   hydatid  reaches  a 

certain  size,  it  sometimes  dies  and  the  cyst 
shrivels  up.  Its  contents  are  changed  to  a 
fatty  or  cheesy  mass,  often  becoming  mortar- 
like as  it  calcifies.  The  hooks  remain  for  a 
lono-  time  unchanged. 

In  other  cases  the  hydatid  becomes  larger, 
especially  when  it  forms  exogenous  or  endoge- 
nous daughter-cysts.  It  may  then  become 
dangerous  by  its  mere  size.  Sometimes  if  the 
cyst  is  wounded  or  bursts,  its  contents  pass  into 
one  or  other  of  the  body-cavities  and  set  up 
severe  inflammation.  It  may  even  break  into 
a  blood-vessel.  In  the  most  favorable  case  it 
breaks  into  the  intestine  or  upon  the  exterior 
of  the  body. 

The  Echinoeocci  are  widely  diffused,  but 
not  very  frequent  ;  they  are  commonest  in  Ice- 
land, where  the  inhabitants  are  in  constant  con- 
tact with  their  dogs.  It  is  somewhat  surpris- 
ing that  the  multilocular  variety  is  chiefly  ob- 
served in  Switzerland  and  Southern  Germany. 

[Neisser   gives  a  summary  of   the  various 
cases   of  hydatids   that    have    been    published 
p    ("Die  Echinococcus-krankheit,"  Berlin,  1877). 
See  also  Perls,  "Handb.  d.  allg.  Path.,"  ii.] 

249.  Hothriocephalus  latiis  is  the  largest  of 
human  tape-worms.  It  measures  five  to  eight 
metres  in  length,  and  consists  of  three  to  four 
thousand  short  wide  segments  (Fig.  115).  The 
largest  segment  is  about  3.5  mm.  long  and  10 
to  13  mm.  broad.  Toward  the  "tail"  the 
breadth  diminishes  and  the  length  increases. 
The  body  is  thin  and  flattened  like  a  ribbon. 
The  central  part  of  each  segment  projects  somewhat  ;  it  is  here  that 
the  uterus  lies,  in,  the  form  of  a  simple  tube  coiled  into  numerous  convo- 
lutions. When  this  is  full  of  eggs  the  coils  lie  in  contiguous  loops, 
forming  a  kind  of  rosette.  The  genital  openings  are  in  the  mesial  line 
of  the  ventral  surface,  somewhat  anteriorly  ;  the  female  opening  being 
close  behind  the  male. 

The  testis  consists  of  a  series  of  sacculations  lying  along  the  lateral 
margins  of  the  central  layer  of  the  body.  The  general  structure  of  the 
body  resembles  that  of  the  Taeniada. 


Fig.  115. — Fragments  of  a  Bothrio- 
cephalus  Latus.  Natural  size.  (From 
lieuckart.J 
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Anteriorly  the  worm  becomes  gradually  more  and  more  slender  and 
at  length  thread-like.  The  head,  which  is  2.5  mm.  long  and  1  mm.  broad, 
is  club-shaped  or  oval  in  outline,  and  somewhat  flattened.  Along  each 
lateral  margin  is  a  chink-like  suctorial  groove. 

The  eggs  (Fig.  116)  are  oval  ;  they  measure  0.07  mm.   by  0.045  mm. 
They  have  a  thin   brown  shell  furnished  at  the  an- 
terior pole  with  a  lid  or  cap,  which  is    in   general 
easily  seen. 

_5.  latus  occurs  chiefly  in  Switzerland  and  in  the 
northeast  of  Europe  ;  it  is  occasionally  met  with  in 
Ireland.  It  lives  like  the  Tseniada,  in  the  small  in- 
testine. The  first  development  of  the  eggs  takes  riocepiiaiuJ  L^tul!  °Leuck- 
place  in  water.  _  After  some  _  months  an  embryo  is  ^rnintrndlSo^vfthS 
hatched,  which  is  provided  with  six  booklets  and  a 

ciliated  cuticle.  This  enters  the  body  of  the  pike,  the  trout,  or  the  eel- 
pout  {Lota  vulgaris)  (Braun,  "  Virch.  Arch.,"  vol.  Ixxxviii.),  and  de- 
velops in  the  muscles  or  viscera  into  an  asexual  tape-worm.  If  it  thence 
reach  the  alimentary  canal  of  man,  it  proceeds  to  develop  further  and 
becomes  sexually  mature. 

[It  has  been  maintained  that  S.  latus  represents  the  mature  form  of 
the  cestoid  of  the  trout,  known  as  Ligula  nodosa.  See  Duchamp,  "  Les 
Ligules,"  Paris,  1876  ;  Kiessling,  "Troschel's  Arch.,"  1882. 

In  Greenland  another  form,  B.  cordatus,  occurs.  It  is  only  one  metre 
long  and  has  a  heart-shaped  head. 

B.  cristatus,  two  to  three  metres  long,  with  a  crest-like  rostellum,  has 
been  found  in  France.] 

Protozoa. 

250.  Protozoa  are  not  rarely  found  in  the  cavities  of  the  body  acces- 
sible from  without,  such  as  the  mouth,  lungs,  intestine,  vagina,  etc.;  they 
are  most  common  in  patients  suffering  from  chronic  disease.  The  forms 
observed  belong  to  the  Bhizopoda,  Bifusoria,  and  Psorospermia  or 
Sporozoa,  respectively. 

Of  parasitic  Amoehm  one  species  only  has  been  described,  the  Amceba 
coli.  It  occurs  in  the  intestine,  and  is  simply  a  motile  cell  with  a  granu- 
lar protoplasm  containing  a  nucleus  and  several  vacuoles. 

[Losch  and  Sonsino  found  the  Amoeba  coli  in  the  dejections  of  a  pa- 
I  tient  suffering  from  dysentery.] 

Among  Infusoria  the  Ciliata  and  the  Flagellata  are  represented. 
!  Paramceciuni  (or  Batantidium)  coli  is  a  large  ciliated  organism  occa- 
,  sionally  met  with  in  the  large  intestine  and  in  the  faeces.  Cercomonas 
\intestinalis  (Davaine)  is  a  pyriform  infusorian,  with  a  spine-like  process 
'  23 
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at  its  smaller  end  and  a  fiagellura  at  its  larger  end.  It  is  found  in  the 
intestine  in  cases  of  catarrh,  of  typhoid,  and  of  cholera.  Kannenberg 
discovered  Cercomonas  in  the  sputa  from  a  patient  affected  with  gan- 
grene of  the  lungs.  In  the  same  sputa  he  also  found  Monas  lens,  a 
spherical  flagellate  infusorian.  Trichomonas  is  another  flagellate  infu- 
sorian  ;  it  is  oval  in  shape  and  provided  with  a  comb-like  row  of  cilia. 
One  species  {T.  vaginalis)  is  found  in  the  vagina,  another  {T.  intestina- 
lis)  in  the  intestine. 

These  protozoa  are  not  to  be  regarded  as  the  exciting  cause  of  the 
affections  with  which  they  are  associated.  They  may  possibly,  however, 
maintain  or  intensify  the  morbid  processes,  when  present  in  considerable 
numbers. 

Of  parasitic  Psorospermia  we  have  here  to  mention  the  Coccidia. 
According  to  Leuckart,  they  are  when  young  simple  non-capsulated  in- 
habitants of  the  epithelial  cells.  When 
they  reach  maturity  they  become  invested 
with  a  kind  of  membranous  capsule.  In 
this  condition  they  leave  their  first  lodg- 
ing, and  generally  their  host  at  the  same 
time.  Their  contents  are  then  transformed 
into  "  spores  "  containing  granular  masses 
and  peculiar  rod-like  embryonic  forms. 
The  spores  are  round  or  ovoid.  Coccidi- 
um  oviforme  (Fig.  117)  is  a  parasite  of 
the  intestine   and   bile  -  ducts,    especially 

Pig.  117.— Coccidia,fromthehumanUver.  il,„„„     „f    il,p     rnbbit         In     n     fpw    pn<!P<!    if 
a   is  magnified  300-foid;  6  and  c,  1000-fold.    ''""^^    "^    ^"®     raDDlt.       in    a    leW    CaSCS    It 

(From  Leuckart.)  has  been  found  in  the  human  subject.     It 

leads  in  the  liver  of  the  rabbit  to  the  formation  of  whitish  nodules,  which 
may  be  as  large  as  a  hazel-nut.  The  nodules  consist  of  a  puriform  or 
cheesy  mass,  containing  multitudes  of  coccidia.  The  granular  contents 
of  the  coccidium  are  uniformly  spread  throughout  its  body,  or  rolled  into 
a  ball  in  the  middle  of  it.  The  changes  produced  in  the  human  liver  by 
the  presence  of  the  parasite,  in  the  few  cases  observed,  have  been  similar 
to  those  met  with  in  the  rabbit. 

Our  knowledge  of  the  organisms  known  as  "  Miescher's  cylinders  "  or 
"Rainey's  corpuscles "  is  still  very  defective.  They  are  cylindrical  or 
tube-like  bodies,  found  not  infrequently  in  the  muscles  of  the  pig,  ox, 
sheep,  and  mouse.  They  contain  an  innumerable  multitude  of  small  oval 
or  reniform  corpuscles.  Nothing  is  known  of  their  effect  on  the  human 
system. 

[References  to  memoirs  on  Coccidia  and  Psorospermia  generally  : 
Leuckart,  "  Die  Parasiten  des  Menschen,"  second  edition  ;  Lieberkiihn, 
"Arch.  f.  Anat.  u.  Phys.,"  1854  ;  Eimer,"  Ueber  die  ei-  oder  kugelfor- 
migen  Psorospermien  der  Wirbelthiere,"  Wtirzburg,  1870  ;  Klebs,  "  Virch. 
Arch.,"  vol.  xxxii. ;  Stieda,  "  Ueb.  die  Psorospermien  d.  Kaninchenleber  :  " 


PARASITES.  OOD 

**Virch,  Arch,,"  vol.  xxxii.;  Waldenburg,  ibidem^  vol.  xl.;  Rivolta,  "Dei 
parasiti  vegetali,"  Turin,  1873. 

According  to  our  present  information  the  parasitic  protozoa  take  no 
important  share  in  the  production  of  human  disease.  It  is,  however,  not 
impossible  that  further  research  may  considerably  alter  our  views  in  this 
regard.  This  is  perhaps  suggested  by  the  fact  that  animal  parasites  are 
every  now  and  then  detected  in  the  blood  of  vertebrate  animals.  Thus 
Rattig  ("In.  Diss.,"  Berlin,  1875)  describes  a  ciliated  infusorian  in  frog's 
blood.  Klebs  ("  Eulenburg's  Realencyclop.,"  Art.  "  Flagellata ")  has 
found  in  the  blood  of  scurvy-patients  very  minute  organisms,  which  he 
refers  to  the  Infusoria  and  names  Cercomonas  globulus  and  G.  namcida. 
Lieberkiihn  ("Ueb.  Bewegung,  d.  Zellen,"  Marburg,  1870)  found  an 
amoeba  {A.  rotatoria)  in  frog's  blood.  Lewis  ( Quart.  Journ.  Micros. 
Science,  xix.,  1879)  found  in  rat's  blood,  and  Wittich  ("  Centralb  f.  med. 
Wiss.,"  iv.,  1881)  in  hamster's  blood,  a  mobile  organism  resembling  the 
spermatozoon  of  the  frog.  Koch  ("Mitth.  a.  d.  k.  Gesundh.,"  Berlin, 
1881)  describes  a  fusiform  granular-looking  structure  with  one  or  two 
flagella  found  in  hamster's  blood.    He  regards  it  as  a  flagellate  infusorian.] 
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CHAPTER    I. 

FUNCTIONS  OF  BLOOD   AND  LYMPH. 

251.  Blood  and  lymph  are  the  essential  juices  of  the  body.  They 
stand  in  the  closest  relation  to  the  vital  processes  which  go  on  in  the 
tissues.  By  means  of  the  blood,  the  constituent  elements  of  the  body  are 
supplied  with  the  nutrient  substances  and  the  oxygen  which  they  require. 
By  the  blood  and  the  lymph  are  conveyed  away  the  waste  and  surplus 
matters  which  have  ceased  to  be  useful  to  the  tissues. 

The  nutrient  substances  and  the  oxygen  are  derived  from  without. 
The  former  usually  enter  the  body  from  the  alimentary  canal,  the  latter 
usually  through  the  lungs.  But  most  parts  of  the  body  are  under  cer- 
tain conditions  capable  of  directly  assimilating  both  nutriment  and 
oxygen.  The  channels  of  entrance  are  in  such  cases  the  smaller  blood- 
vessels and  lymphatics. 

The  matters  which  have  to  be  removed  from  the  tissues  are  partly 
surplus  nutriment,  partly  the  products  of  tissue-waste  and  metabolism. 
These  matters  are  carried  off  either  to  be  utilized  elsewhere  within  the 
system,  or  to  be  ejected  altogether. 

Under  normal  conditions,  the  incomings  and  outgoings  balance  each 
other  in  amount. 

The  channels  by  which  the  normal  constituents  gain  access  to  the 
blood  and  lymph  may  also  serve  to  admit  matters  which  are  noxious  or 
at  least  abnormal.  These  matters  may  be  either  wholly  extraneous,  or 
produced  within  the  body  itself  in  virtue  of  some  morbid  or  abnormal 
metabolism.  The  result  of  their  admission  is  a  more  or  less  enduring 
pollution  of  the  blood  and  lymph.  In  many  cases,  the  blood  is  able  to 
eliminate  them  harmlessly  and  speedily,  chiefly  by  means  of  the  kidneys 
and  the  liver;  but  in  other  cases,  the  pollution  is  more  permanent.  The 
composition  of  the  blood  often  suffers  in  consequence,  and  its  renovation 
may  not  be  effected  until  some  of  the  tissues  or  organs  have  been  more 
or  less  injured  by  malnutrition. 

The  abnormal  matters  which  gain  access  to  the  blood  may  be  in 
very  various  states  of  aggregation.  Most  commonly  they  are  in  the  form 
of  gases  or  liquids;  but  the  blood  is  likewise  not  infrequently  polluted 
by  the  admission  of  solid  corpuscular  matters.  These  latter  have  by  far 
the  greatest  interest  to  the  pathologist,  for  they  are  demonstrable  by 
means  of  the  microscrope. 
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We  cannot  regard  the  blood  as  a  liquid  whose  chemical  composition 
is  variable  or  indefinite.  Experiment  shows  that  the  proportions  of 
albuminoids,  salts,  iron,  etc.,  which  it  contains  are  constant  within  nar- 
row limits,  and  that  its  composition  is  maintained  by  nicely-adjusted 
assimilation  and  elimination  of  material.  We  must  therefore  look  upon 
any  serious  variation  from  the  normal  in  the  composition  of  the  blood  as 
a  pathological  phenomenon. 

The  blood  is  in  fact  a  definite  living  tissue. 

Although  the  changes  that  occur  in  the  composition  of  the  blood  are 
by  no  means  so  important  as  were  formerly  believed,  though  we  no 
longer  consider  the  juices  and  "humors"  to  be  the  seat  of  all  diseases, 
yet  we  should  be  in  error  if  we  regarded  the  blood  as  nothing  more  than 
a  solution  of  various  chemical  substances.  The  blood  always  contains 
living  cells,  and  these  fulfil  definite  vital  functions.  And  even  if  the  red 
corpuscles  are  so  transformed  from  the  ordinary  cell-type  that  some  deny 
their  right  to  the  title  of  living  cells,  the  life  and  activity  of  the  white 
blood-cells  is  unmistakable,  and  they  are  an  essential  constituent  of  the 
blood. 

In  disease,  too,  the  blood  comports  itself  as  a  living  tissue.  We  may 
have  localized  death  or  necrosis  in  a  solid  tissue,  and  we  may  likewise 
have  a  localized  death  of  the  blood.  The  retrogressive  and  formative 
changes  in  cells  and  intercellular  substance,  which  we  have  recognized 
as  the  manifestation  of  diseased  function  in  the  solid  tissues,  have  their 
analogues  in  the  elements  of  the  blood.  Many  of  the  morbid  processes 
affecting  the  blood  are  thus  manifested  not  merely  by  changes  in  its 
chemical  composition,  but  by  simultaneous  changes  in  the  form  and 
quantity  of  its  morphological  elements;  and  in  many  diseases  the  morbid 
activity  of  the  white  blood-cells  plays  a  highly  important  part. 


OHAPTEE  II. 

INTRAVASCULAR  COAGULATION   OR  THROMBOSIS. 

252.  We  have  already  seen  (Art.  35)  that  when  blood  dies  it  usually 
coagulates,  that  is  to  say — solid  masses  of  fibrin  are  formed  in  the  i^lasma, 
the  masses  consisting  of  granules  or  granular  fibrils  or  homogeneous 
flakes.  When  coagulation  occurs  within  the  vessels  during  life  the  pro- 
cess is  called  thrombosis^  and  the  coagulum  is  called  a  thrombus. 

On  Schmidt's  hypothesis  the  coagulation  of  the  blood  depends  on  the 
union  of  two  albuminoid  bodies,  fibrinogen  and  fibrinoplastin  (or  para- 
globulin),  in  presence  of  a  third  factor  or  ferment  (Art.  35).  Taking  the 
fibrinogen  as  furnished  by  the  plasma,  and  the  other  factors  as  furnished 
by  the  colorless  elements  of  the  blood,  coagulation  is  evidence  of  the 
death  of  the  latter  in  whole  or  in  part. 

Coagulation  may  take  place  in  blood  which  is  at  rest,  or  in  blood 
which  is  in  motion;  and  the  appearance  of  the  thrombus  is  different  in 
the  two  cases.  In  blood  at  rest  coagulation  takes  place  throughout  the 
entire  mass  simultaneously.  The  thrombus  is  thus  dark-red  or  brown  in 
color,  and  consists  of  granular  and  fibrous  clots  of  fibrin  containing  mul- 
titudes of  red  corpuscles  and  a  few  white  corpuscles.  Red  thrombi  of 
this  kind  are  most  commonly  formed  in  occluded  or  highly  engorged  ves- 
sels. When  recent  they  are  soft  and  full  of  serum.  Afterwards  they  be- 
come firmer,  tougher,  and  drier,  the  fibrin  contracting  and  squeezing  out 
the  serum.  They  become  at  the  same  time  paler  and  grayer;  the  decol- 
orization  proceeds  in  fact  by  the  same  steps  as  in  extravasated  blood 
(Art.  68). 

When  coagulation  begins  in  blood  which  is  still  flowing,  the  entire 
mass  does  not  coagulate  at  once;  minute  flakes  separate  out,  consisting 
chiefly  (according  to  Zahn)  of  white  blood-cells  with  a  varying  number 
of  red  blood-cells.  According  to  the  number  and  arrangement  of  these 
latter  the  thrombus  may  be  white  or  gray,  or  pale  reddish,  or  mottled 
and  stratified. 

In  the  case  of  pure  white  thrombi,  only  the  colorless  elements  of 
the  blood  separate  out.  When  the  necessary  local  conditions  for  coagu- 
lation are  set  up  at  any  spot  (on  the  intima  of  the  heart  or  of  a  vessel) 
the  clots  adhere  to  the  surface,  and  gradually  increase  in  size  by  succes- 
sive additions.  At  first  the  cellular  elements  of  the  mass  are  distin- 
guishable; but  in  twenty-four  hours  the  outlines  of  the  cells  disappear. 
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and    the   mass    is    transformed    into    homogeneous    or    finely-granular 
fibrin. 

The  thrombus  grows  by  the  addition  of  colorless  elements  like  those  m 
which  it  began.  If  red  corpuscles  are  entangled  with  the  others,  it  may 
gradually  become  more  and  more  tinged  with  red.  If  the  red  corpuscles 
are  precipitated  per  saltum  or  intermittently,  the  thrombus  will  ex- 
hibit strata  of  red  and  white.  This  alternate  precipitation,  which  leads 
to  the  formation  of  mottled  thrombi,  is  most  likely  to  happen  if  the 
blood  is  alternately  at  rest  and  in  motion  at  the  site  of  the  deposit. 

The  fundamental  investigations  on  the  subject  of  thrombosis  are  those  of 
ViRCHOW  (Gesamm.  Abhandl.  1856,  Hand  d.  spec.  Path,  i.),  who  made  out  by 
experiment  the  conditions  of  intravascular  coagulation  and  its  effects  on  the  cir- 
culation. Zahn  has  shown  {Virch.  Arch.  vol.  63,  and  Rev.  med.  de  la  Suisse  rom. 
1881)  that  the  formation  of  a  thrombus  in  the  blood-vessel  of  a  frog  may  be 
directly  observed  under  the  microscope;  one  has  only  to  injure  the  vessel  me- 
chanically or  place  on  it  a  crystal  of  common  salt;  and  coagulation  at  once 
begins.  In  this  way  the  behavior  of  the  white  corpuscles  has  chiefly  been  made 
out.  Quite  recently  Bizzozero  {Centralb.  f.  d.  med.  Wiss.  1882,  Arch.  ital.  de 
biologie  i. ,  and  Virch.  Arch.  vol.  90)  has  observed  in  living  blood  certain  small 
colorless  disc-like  bodies,  about  half  the  size  of  the  ordinary  white  corpuscles. 
These  he  calls  '^  Blutplattchen"  or  blood-plates,  and  regards  as  identical  with 
Hayem's  haematoblasts  (Art.  35).  In  blood  taken  from  the  vessels  in  the  usual 
way  they  break  up  into  the  knots  of  granules  described  by  Max  Schultze  and 
others.  According  to  Bizzozero  coagulation  takes  place  when  the  blood-plates 
begin  to  break  up  in  a  liquid  containing  fibrinogen;  and  he  maintains  that  they 
form  the  essential  constituent  of  white  and  mottled  thrombi.  Rauschenbach,  a 
pupil  of  Schmidt's,  has  criticised  these  statements  in  a  recent  inaugural  disserta- 
tion (Dorpat  1882).     See  also  Wooldridge,  Du  Bois-Reymond's  Arch.  1883. 

253.  Thrombosis  depends  upon  two  factors;  one  is  the  morbid 
alteration  of  the  vessel-wall,  the  other  the  retardation  or  stoppage  of  the 
blood-current.  In  most  cases  the  two  factors  are  in  action  simultane- 
ously. 

In  normal  conditions  coagulation  is  prevented  by  the  ever-renewed 
contact  of  the  blood  with  the  living  endothelium  of  the  vessel-wall 
(Brucke).  If  the  endothelium  die  in  consequence  of  disease  of  the  inner 
coat  of  the  vessel,  or  if  the  blood  is  in  part  prevented  xrom  fresh  con- 
tact with  the  endothelium  by  stagnation  or  cessation  of  the  current,  the 
influences  which  inhibit  coagalation  are  interfered  with.  In  accordance 
with  this  view  we  find  that  thrombosis  is  commonest  where  there  is  degen- 
eration or  inflammation  of  the  lining  membrane  of  the  vessels  or  the  heart, 
or  where  the  circulation  is  impeded  by  such  causes  as  compression  or  oc- 
clusion or  dilatation  of  the  vessels,  fatty  change  in  the  heart,  etc.  Direct 
injury  of  the  vessel-wall,  if  it  extend  to  the  intima,  likewise  leads  to 
thrombosis.  If  a  vessel  be  perforated  by  a  small  opening,  the  wound  is 
quickly  closed  by  white  corpuscles  which  deposit  themselves  around  and 
over  the  opening,  while  a  white  thrombus  gradually  forms  and  projects 
into  the  lumen  of  the  vessel. 
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The  various  forms  of  thrombus  are  distinguished  according  to  their 
relation  to  the  himen  of  the  vessel.  Parietal  thrombi  are  seated  on 
the  walls,  valvular  thrombi  on  the  valves  of  the  heart  or  of  the  veins. 
If  the  thrombus  occludes  the  vessel  it  is  called  obliterating.  The  first 
deposit  is  spoken  of  as  primary  or  autochthonous,  the  accretions  sui)er- 
imposed  on  it  as  secondary  or  induced.  By  such  accretions  a  parietal 
thrombus  may  grow  into  an  obliterating  one.  In  this  way,  too,  it  not 
seldom  happens  that  a  thrombus  originally  white  or  mottled  is  covered 
over  with  a  red  thrombus:  the  first  deposit  takes  place  in  blood  which  is 
still  moving,  this  by  degrees  occludes  the  vessel,  the  current  is  stayed, 
and  the  blood  then  coagulates  as  a  whole.  The  reverse  occurs  when  an 
-  obliterating  red  thrombus  contracts,  and  leaves  the  channel  partly  free 
again.  Both  cases  are  illustrated  in  the  marasmic  thrombosis  of  ca- 
chectic anasmic  patients;  in  them  the  vascular  system  seems  too  capaci- 
ous for  the  diminished  quantity  of  blood  in  circulation,  and  in  consequence 
the  current  is  here  and  there  abnormally  slow  or  ceases  altogether. 

Thrombosis  may  occur  in  any  part  of  the  vascular  system.  Cardiac 
thrombosis  usually  begins  in  the  auricles,  or  in  the  crevices  between  the 
trabeculae  carnese.  In  both  sites  the  thrombi  start  from  the  deeper  folds 
and  involutions  of  the  endocardium,  but  by  continued  apposition  of 
fibrin  they  may  grow  into  large  polypoid  masses  projecting  into  the 
cavity,  and  are  then  spoken  of  as  cardiac  polypi.  Coagula  form  in  like 
manner  upon  the  surfaces  of  inflamed  valves.  Both  the  parietal  and  the 
valvular  forms  of  cardiac  thrombi  may  grow  to  a  very  large  size,  and  fill 
out  the  greater  part  of  the  auriculo-ventricular  cavity. 

Thrombosis  of  the  larger  arteries  may  occur  in  the  most  various  situa- 
tions. In  marasmic  patients  with  highly  degenerate  arteries  parietal 
thrombi,  both  white  and  mottled,  may  be  formed  in  the  aorta  and  adhere 
firmly  to  the  inner  coat.  In  the  veins  thrombi  are  most  commonly 
formed  in  the  pockets  of  the  valves;  whence  they  grow  out  and  become 
obliterating  thrombi.  Or  a  thrombus  primarily  formed  in  a  small  tribu- 
tary vein  may  grow  out  into  the  lumen  of  a  larger  vein.  For  example, 
thrombosis  originating  in  a  small  vein  of  the  lower  limb  may  ultimately 
extend  continuously  till  it  reaches  the  vena  cava  inferior  or  even  the  heart 
itself.  Thrombosis  of  the  smallest  vessels  is  usually  the  result  of  some 
disorder  of  the  tissues,  chiefly  of  the  nature  of  inflammation  or  necrosis. 

Post-mortem  clots.  Thrombi  which  have  been  formed  during  life  are  in 
general  easily  distinguished  from  clots  formed  in  articulo  mortis  or  post-mortem. 
After  death  the  blood  usually  coagulates  in  such  a  way  that  the  red  corpuscles 
are  entangled  and  included  in  the  clots;  on  post-mortem  examination  we  find  the 
vessels  containing  soft  dark-red  gory  masses.  Sometimes  however  the  corpuscles 
have  time  to  separate  from  the  plasma  before  the  fibrin  is  formed;  in  such  cases 
the  clots  are  soft,  moist,  somewhat  elastic,  yellowish,  and  faintly  opalescent. 
From  these  somewhat  bacon-like  clots  the  true  white  or  mottled  thrombi  are  dis- 
tinguished by  their  grayish  and  more  opaque  appearancw,  and  by  their  more  or 
less  marked  stratification.     They  are  moreover  firmer,  drier,  and  less  elastic; 
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when  torn  across  the  surface  is  corrugated  or  step-like;  and  finally  they  adhere  to 
the  wall  of  the  vessel  and  generally  distend  it  (Humphrey),  while  the  post-mor- 
tem clots  are  free.  Under  the  microscope  the  thrombi  are  seen  to  contain  a 
larger  proportion  of  white  blood-cells  than  the  post-mortem  clots. 

It  is  less  easy  to  distinguish  red  thrombi  from  red  post-mortem  clots.  The 
chief  characters  of  the  former  are  their  greater  firmness  and  dryness,  and  their 
adhesion  to  the  vessel- wall.  In  less  recent  thrombi  signs  of  decolorization  appear, 
by  which  the  dark-red  of  freshly  coagulated  blood  passes  into  a  lighter  and 
brownish-red.  Not  uncommonly  we  may  find  true  thrombi  overlaid  and  concealed 
by  post-mortem  coagulations. 

With  regard  to  the  effects  of  thrombosis  upon  the  circulation  see  Arts.  22-25 
and  30. 

254.  Issues  of  thrombosis.  The  fully-developed  thrombus  is  a  . 
somewhat  firm  and  dry  mass  adhering  to  the  lining  membrane  of  a  ves- 
sel or  of  the  heart,  its  color  and  structure  varying  as  we  have  described. 
The  comparatively  small  quantity  of  liquid  it  encloses  is  explained  by  the 
fact  that  the  fibrin  after  its  separation  always  shrinks,  and  so  squeezes 
out  the  liquid  from  its  meshes.  This  shrinking,  when  it  occurs  in  an 
obliterating  thrombus,  may  leave  the  channel  of  the  vessel  open  once 
more.  In  many  instances  the  contraction  due  to  shrinking  is  very  con- 
siderable. The  fibrin  is  transformed  into  a  dense  mass,  which  may  per- 
sist unchanged  for  a  long  time  and  ultimately  becomes  calcified.  It  is 
thus  that  the  chalky  concretions  called  phleboliths  are  formed  in  the 
veins.  In  the  same  way  thrombi  which  are  seated  on  roughened  surfaces 
in  the  aorta  or  valves  of  the  heart  may  become  calcified;  and  may  become 
sheltered  from  secondary  deposits  by  the  growth  of  an  endothelial  cover- 
ing over  them. 

Contraction  with  calcification  is  what  we  may  call  a  favorable  issue 
of  thrombosis.  The  very  common  issue  of  thrombosis  in  softening  is 
much  less  favorable.  Softening  is  distinguished  as  simple  or  red  soften- 
ing, and  purif orm  or  yellow  softening.  In  simple  or  red  softening  the 
central  parts  of  the  thrombus  are  first  of  all  changed  into  a  grayish  or 
reddish  pulp,  consisting  of  broken-down  and  shrunken  red  corpuscles, 
pigment  granules,  and  colorless  granular  detritus.  If  the  softening  then 
extends  to  the  surface  layers,  and  if  the  blood-current  is  still  flowing  over 
the  thrombus,  the  products  of  disintegration  may  be  carried  into  the 
general  circulation.  This  occurs  both  in  the  case  of  cardiac  polypi  and 
in  venous  thrombosis,  especially  when  the  tip  of  a  thrombus  projects  from 
the  orifice  of  a  small  vein  into  the  channel  of  a  larger  in  which  the  blood 
is  still  flowing.  The  result  is  the  formation  of  emboli  (Arts.  30  and  37, 
and  257). 

The  most  unfavorable  issue  of  all  is  the  pnriform  or  yellow  soften- 1 
ing  of  the  thrombus.     In  this  case  the  thrombus  is  transformed  into  a 
dirty  or  reddish  yellow,  foetid,  pus-like  cream  or  pulp.     This  contains 
a  multitude  of  pus-corpuscles  and  a  large  proportion  of  a  finely-granu- 1 
lar  matter,  which  consists  in  part  of  fatty  and  albuminous  detritus  and 
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in  part  of  micrococci.  The  latter  frequently  form  groups  or  colonies, 
and  are  probably  to  Ije  regarded  as  the  exciting  cause  of  the  softening 
process.  Such  puriform  thrombi  act  destructively  on  the  surrounding 
tissues  and  set  up  inHammation.  The  intima  of  the  vessel  becomes  tur- 
bid or  opaque  ;  and  suppurative  inflammation  begins  in  the  tunica 
media  and  tunica  adventitia,  extending  to  the  tissue  inclosing  the  ves- 
sel. Soon  the  entire  thickness  of  the  vessel-wall  is  infiltrated,  and  takes 
on  a  dirty-yellowish  or  grayish  appearance.  Ultimately  the  tissues  un- 
dero-o  putrid  disintegration  (Art.  291).  If  the  puriform  matters  are 
carried  by  the  blood-current  to  distant  spots,  they  there  produce  necro- 
tic and  putrefactive  changes  in  the  tissues,  and  set  up  suppurative  in- 
flammation. 

The  entire  process,  in  which  puriform  softening  of  a  venous  throm- 
bus is  associated  with  suppurative  inflammation  of  the  vessel-wall,  is 
described  as  purulent  thrombophlebitis.  It  is  due  in  the  first  instance 
to  the  causes  which  lead  to  thrombosis,  and  in  the  second,  to  the  access 
of  micrococci  to  the  thrombus.  In  other  cases,  the  inflammation  of  the 
vessel-wall  is  primary,  and  the  thrombosis  a  secondary  effect.  The  puru- 
lent form  is  most  commonly  met  with  in  the  neighborhood  of  septic 
wounds  and  ulcers. 

255.  The  most  favorable  issue  of  thrombosis  is  in  organization  of  the 
thrombus.  By  this  is  meant  the  replacement  of  the  fibrin  and  corpus- 
cles by  vascularized  fibrous  tissue. 

The  new  fibrous  tissue  is  mainly  the  product  of  an  inflammatory  pro- 
cess; it  is  developed  from  migrated  white  blood-cells.  Regenerative 
multiplication  of  the  endothelial  cells  plays  but  a  subordinate  part  or 
none  at  all.  The  thrombus  itself  takes  no  active  share  in  the  process  ; 
it  is  a  lifeless  mass,  a  foreign  body,  and  as  such  sets  up  inflammation 
in  its  neighborhood.  The  inflammation  runs  the  same  course  as  other 
constructive  or  plastic  inflammations.  The  histological  changes  follow 
exactly  on  the  lines  of  those  described  in  the  Arts.  108-111 ;  and  the 
behavior  of  the  tissues  towards  the  foreign  body  (the  thrombus)  is  iden- 
tical with  that  described  in  Arts.  112-116.  The  process  by  which  a 
thrombus  is  organized  resembles  most  closely  the  plastic  inflammation 
of  a  serous  membrane.  A  blood-vessel  has  indeed  a  certain  anatomical 
analogy  to  the  serous  cavities,  being  mainly  distinguished  by  its  j)articu- 
lar  configuration  and  by  the  special  structure  of  its  walls. 

In  the  first  stages  of  the  organizing  process  we  observe  that  the  ves- 
sel-wall is  here  and  there  infiltrated  with  small  leucocytes,  the  infiltration 
appearing  in  the  outer  and  middle  coats  (Fig.  118  e),  as  well  as  in  the 
inner  coat  (/).  Presently  migratory  cells  begin  to  accumulate,  partly 
within  the  lumen  of  the  vessel  (g),  partly  within  the  substance  of  the 
thrombus,  and  partly  between  the  latter  and  the  vessel-wall.  The  first 
cells  which  migrate  are  small  and  round,  and  their  nuclei  are  strongly 
stained  by  coloring  reagents.     Presently  larger  cells  appear,  with  clear 
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vesicular  nuclei  {h);  these  have  been  developed  out  of  the  migratory  cells. 
They  are  of  various  forms,  rounded,  elongated,  or  ramified  {h).  These 
larger  cells  are  the  formative  or  fibroplastic  cells.  When  they  have  muL 
tiplied  sufficiently,  so  that  they  become  contiguous,  they  are  gradually 
transformed  into  fibrous  tissue.  New  blood-vessels  are  simultaneously 
developed,  and  at  length  the  new-formed  tissue  is  vascularized  through- ' 
out. 

This  is  the  general  course  of  the  process,  but  considerable  variation 
may  take  place  in  details.  Thus,  if  the  thrombus  result  from  ligature, 
in  a  young  and  healthy  patient,  the  accumulation  of  leucocytes  will  be 


Fig.  118.— Section  of  a  thrombus  in  process  of  organization. 

{From,  the  femoral  artery  of  an  aged  man  three  weeks  after  ligature  :  hcematoxylin 

staining :  X  350.) 


a,  tunica  media. 

b,  fenestrated  elastic  membrane. 

c,  iatima  thickened  by  previous   inflamma- 

tion. 

d,  coagulated  blood. 


e,  cells  infiltrating  the  media. 
/,  cells  infiltrating  the  intima. 
g,  leucocytes,   partly  within  the  thrombus, 

partly  between  it  and  the  iatima. 
h,  various  kinds  of  formative  cells. 


much  more  marked  than  in  such  a  case  as  is  represented  in  Fig.  118 : 
in  this  case  the  patient  was  old,  and  his  arteries  had  already  undergone 
a  certain  amount  of  morbid  change.  The  accumulation  of  leucocytes 
may  become  so  great  as  to  give  the  thrombus  the  a]3pearance  of  a  mass 
of  granulation  tissue.  The  duration  of  the  process  also  varies  greatly. 
By  operating  on  one  of  the  lower  animals,  we  can  be  sure  of  finding  the 
thrombus  completely  vascularized  in  twelve  days.  In  the  case  figured 
above,  the  first  formative  cells  are  developing  three  weeks  after  the  liga- 
ture . 

The  leucocytes  are  derived  from  the  vasa  vasorum  and  the  vessels  in 
the  neighborhood  of  the  occluded  vessel.     They  enter  chiefly  from  the 
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zone  of  ligature,  at  the  points  where  the  inner  coat  is  torn  through  and 
where  the  injury  to  the  vesscI-wuU  is  greatest.  The  new  vessels  are  like- 
wise derived  from  the  vasa  vasorum,  though  blood  channels  are  also 
opened  up  from  the  side  of  the  unoccluded  lumen  of  the  old  vessel.  The 
diagram  (Fig.  119)  may  help  to  make  clearer  the  appearance  of  an  or- 
ganized thrombus  after  ligature,  and  its  relation  to  the  walls  of  the  ves- 
sel. It  represents  in  a  general  way  a  longitudinal  section  through  the 
cicatrix  resulting  from  ligature. 


Fig.  119. — Diagrammatic  section  of  a  ligatured  vessel. 
(TAe  thrombus  is  supposed  to  be  entirely  replaced  by  vascular  fibrous  tissue.) 

a,  adventitia.  dj,  new-formed  fibrous  tissue  outside  the  lu- 

b,  media.  men. 

c,  intima.  e,  new  blood-vessels. 

d,  new-formed  fibrous  tissue  witlain  the  lu- 

men. 

The  site  of  the  ligature  is  seen  to  be  occupied  by  highly  vascular  scaiv 
tissue,  which  is  connected  with  the  adventitia  outside  the  vessel  {dj,  but 
is  also  prolonged  into  the  lumen  of  the  vessel  (d),  so  as  effectually  to 
occlude  it.  Close  to  the  site  of  the  ligature  the  various  coats  of  the 
artery  blend  with  the  cicatrix.     The  vessels  (e)   of  the  fibrous  plug  are 
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chiefly  derived  from  without,  but  there  are  also  openings  in  connection 
with  the  lumen  of  the  ligatured  vessel  itself. 

As  we  have  said,  the  endothelial  cells  take  little  share  in  the  forma- 
tion of  the  cicatrix.  At  the  site  of  the  thrombus  itself  the  endothelial 
cells  have  disappeared;  there  can,  therefore,  be  no  question  of  their  mul- 
tiplication. They  can  only  multiply,  if  at  all,  along  the  line  where  thei 
thrombus  bounds  the  free  lumen  of  the  vessel.  From  this  line  they  may. 
proceed  to  cover  over  the  upper  surface  of  the  thrombus  with  an  endo- . 
thelial  layer  ;  and  it  is  possible  that  they  may  there  take  some  part  in 
the  development  of  the  new  fibrous  tissue. 

The  orpjanizatiou  of  thrombi  has  long  been  a  subject  of  minute  investigation 
both  anatomical  and  experimental.  Of  the  more  recent  researches,  the  following 
maybe  named:  Schultz,  Deutsch.  Zeitschr.  f.  Chir.  ix.,  and  Ueb.  d.  Veryiar- 
bung  d.  Arter.  In  Diss.  Berne  1877;  Raab,  Arch.  f.  klin.  Chir.  xxiii.  (with  full 
references),  and  Vireh.  Arch.  vol.  75 ;  Riedel,  Deutsch.  Zeitschr.  f.  Chir.  vi.  ! 
(1875) ;  Baumgarten,  Die  sogen.  Organisation  d.  Thrombus  Leipzig  1877  ;  Du- 
rante, Wiener  med.  Jahrb.  iii.,  iv.;  Senftleben,  Virch.  Arch,  vol,  77;  Till- 
iiANNS,  Virch.  Arch.,  vol.  78  ;  Auerbach,  Ueber  d.  Obliteration^d.  Arterien  nach 
Ligatur,  In.  Diss.  Bonn  1877 ;  Fol,  Arch.  p.  I.  set.  med.  iiL  ;  Hamilton,  Edin. 
med.  Journ.,  18Q0-81. 

The  question  most  hotly  discussed  has  been  whether  the  white  blood-cells  arei 
or  are  not  the  generators  of  the  new  fibrous  tissue,  and  to  this  various  answers 
have  been  given.  Ziegler,  from  his  own  investigations,  is  constrained  to  side 
with  those  who  assign  the  chief  share  in  the  formative  process  to  the  extra vasated 
leucocytes.  The  process  has  been  too  often  regarded  as  something  sid  generis ; 
the  only  characters  which  distinguish  it  from  other  pathological  tissue  forma- 
tions are  that  the  process  takes  place  within  a  tube,  and  that  dead  tissue  is  being 
absorbed  as  new  is  being  formed.  Again  the  question  is  asked  whether  the  new 
tissue  is  formed  by  inflammatory  granulations  or  by  regenerative  or  hyperplastic 
proliferation.  The  view  taken  above  is  that  the  former  is  the  commoner  and  the 
more  important  mode  ;  but  the  active  participation  of  the  endothelial  cells  is  not 
excluded.  Riedel's  observation  is  of  interest  in  this  connection  ;  he  states  that 
the  inner  surfaces  of  an  artery  may  be  made  to  cohere  without  the  formation  of 
a  clot,  and  that,  in  this  case,  the  vessel  is  occluded  simply  by  the  multiplication 
of  the  apposed  endothelial  cells.  This  seems  to  confirm  the  view  we  have  taken, 
that  it  is  the  presence  of  the  thrombus,  together  with  the  mechanical  injury  to 
the  vessel- wall,  which  sets  up  the  plastic  inflammation. 

With  regard  to  the  canalization  of  the  thrombus  from  the  lumen  of  the  oc- 
cluded vessel  (a  fact  insisted  on  by  Schultz),  it  seems  probable  that  this  is  not  at 
first  a  true  vascularization ;  it  is  rather  to  be  referred  to  the  shrinking  of  the 
fibrin,  which  may  give  rise  to  lacunee  in  the  thrombus.  These  lacunae  become 
transformed  into  blood  channels,  which  by  and  by  become  connected  with  thd 
capillaries  originating  in  the  vasa  vasorum. 

256.  The  account  just  given  applies  in  the  first  instance  to  thai! 
organization  of  thrombi  in  ligatured  arteries.  But  the  process  in  other 
cases  is  exactly  similar.  If  a  marasmic  venous  thrombus  of  some  stand-i 
ing  is  examined,  the  inner  coating  of  the  vein  is  found  infiltrated  withi 
cells,  and  the  margins  of  the  clot  are  transformed  into  granulation-like' 
tissue,  or  even  into   vascular  fibrous   tissue.     In  the  case  of  parietal 
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thrombi  in  the  larger  arteries,  or  in  the  aorta,  the  process  of  organization 
is  very  slow.  Even  old  thrombi  may  show  no  distinct  sign  of  organi- 
zation; and  in  other  instances  small  patches  of  immature  fibrous  tissue 
may  be  found  on  the  surface.  The  thrombi  that  occupy  aneurysmal  sacs 
are  very  slowly  and  imperfectly  replaced  by  fibrous  tissue. 

The  process  by  which  wounds  in  blood-vessels  are  healed  up  is 
analogous  to  organization.  Schultz  has  shown  that  after  haemorrhage 
ceases  a  thrombus  composed  of  cohering  white  blood-cells  occupies  the 
site  of  the  wound.  This  plug  may  bulge  outwards  under  the  pressure 
of  the  blood,  but  the  sinus  so  formed  is  again  filled  up  with  white  blood- 
cells.  These  thereupon  proceed  to  develop,  new  vessels  penetrate  the 
mass  from  the  surrounding  parts,  and  a  cicatrix  is  at  length  produced 
(Art.  308). 

In  the  course  of  time,  the  fibrous  tissue  which  replaces  a  thrombus 
shrinks  more  or  less.  The  plug  of  scar-tissue  formed  after  ligature  may 
thus  become  extremely  small,  the  vessel  becoming  pervious  up  to  the 
point  of  ligature.  The  plug  formed  in  the  continuity  of  a  thrombosed 
vessel  may  almost  disappear,  leaving  behind  only  a  thickening  of  the 
vessel-wall  or  a  few  bands  or  threads  across  the  lumen.  When  this 
occurs,  the  blood  may  be  enabled  to  flow  through  the  reopened  channel 
without  sensible  obstruction. 

257.  In  Art.  254,  we  said  that  when  a  thrombus  softens  and  breaks 
up,  fragments  of  it  may  be  swept  off  into  the  blood-current.  We  said 
also,  that  when  the  softening  is  puriform,  the  matters  thus  swept  off  excite 
inflammation  and  suppuration  at  the  points  where  they  settle.  We  have 
next  to  consider  the  fate  of  the  less  noxious  fragments  swept  off  from 
recent  thrombi,  especially  the  looser  quickly-growing  red  kind,  or  from 
thrombi  undergoing  simple  softening.  Such  a  fragment,  or  embolus, 
if  it  is  too  large  to  pass  through  the  capillaries,  will  become  wedged  in 
one  or  other  of  the  smaller  arteries,  and  generally  at  a  point  of  bifur- 
cation. Thus,  an  embolus  starting  from  one  of  the  systemic  veins  or 
from  the  right  heart  will  lodge  in  a  pulmonary  arteriole.  The  first 
result  of  the  lodgment  in  the  vessel,  or  embolism,  is  that  fresh  deposits 
of  fibrin  take  place  on  the  plug,  so  that  it  soon  occludes  the  vessel  com- 
pletely, even  if  too  small  to  do  so  originally.  The  effect  on  the  circula- 
tion of  occlusion  by  embolism  has  already  been  described  (Art.  30). 

An  embolus  may  undergo  changes  analogous  to  those  which  take 
place  in  the  primary  thrombus;  it  may  soften,  or  shrink,  or  become  cal- 
cified, or  be  replaced  by  fibrous  tissue. 

The  process  of  organization  is  the  same  as  that  already  described,  but 
the  volume  of  the  fibrous  plug  is  always  very  much  smaller  than  that  of 
the  original  embolus.  After  some  weeks  or  months,  the  site  of  the  em- 
bolus is  often  marked  by  nothing  more  than  a  fibrous  band  or  a  nodular 
protuberance  on  the  inner  coat  of  the  vessel.     In  other  instances,  the 
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lumen  is  crossed  by  numrous  threads  running  singly  or  connected  into- 
a  loose  network. 

But  the  process  is  necessarily  very  different  when  the  embolus  sets 
up  destructive  inflammation  around  it.  The  inflammation  then  takes 
the  suppurative  form;  the  vessel-wall,  the  sheath,  and  the  surrounding 
tissue  are  successively  attacked,  and  an  embolic  abscess  is  formed 
(Art.  291). 


CHAPTER    III. 

CHANGES  IN  THE    QUANTITY    AND    COMPOSITION  OF  THE    ELOOD. 

258.  We  have  already  said  (Art.  251)  that  the  blood  is  a  liquid  tissue 
whose  quantity  and  composition  are  normally  constant,  within  narrow 
limits.  This  constancy  of  the  blood  is  maintained  by  the  physiological 
adjustment  of  the  matter  asssimilated  and  the  matters  eliminated,  and  by 
the  speedy  rejection  of  any  abnormal  matters  which  may  gain  entrance. 
In  disease,  the  equilibrium  may  be  disturbed,  so  that  the  quantity  and 
the  chemical  constitution  of  the  blood  may  deviate  from  the  normal  for 
a  longer  or  shorter  time. 

Increase  in  the  quantity  of  blood  in  the  body,  i.  e.,  a  true  hyperplasia 
or  plethora,  does  not  occur  as  an  abiding  condition.  When,  for  exam- 
ple, after  amputation  by  the  bloodless  method  (in  which  the  blood  con- 
tained in  the  limb  is  pressed  back  into  the  body  before  operation),  the 
quantity  in  the  body  is  rendered  relatively  excessive,  the  surplus  is 
rapidly  used  up,  and  is  not  replaced.  True  plethora  or  polysemia  is  in 
fact  an  essentially  transient  condition. 

The  opposite  condition,  namely,  decrease  in  the  quantity  of  blood,  is 
called  oligaemia  or  anaemia.  Every  abnormal  loss  of  blood  produces  a 
temporary  aneemia.  If  this  does  not  exceed  a  certain  limit,  and  if  there 
is  nothing  to  interfere  with  the  production  of  blood,  the  loss  is  soon 
made  up,  and  the  angemia  is  transient.  But  if  the  loss  is  greater,  or 
often  repeated,  or  long- continued,  the  anaemia  may  become  chronic. 
During  life,  this  condition  is  indicated  by  the  pallor  of  the  skin  and 
mucous  membranes;  post-mortem  it  appears  in  the  small  proportion  of 
blood  contained  in  the  several  organs. 

After  a  loss  of  blood,  the  replacement  of  the  liquor  sanguinis  pro- 
ceeds more  rapidly  than  the  replacement  of  the  red  corpuscles.  For  a 
time,  therefore,  the  blood  is  relatively  poor  in  red  corpuscles,  a  condition 
described  as  oligocythaemia.  This  condition  is  frequently  observed  in 
fevers  and  in  cases  of  lead  or  mercury  poisoning;  it  is  then  an  indication 
of  impaired  nutrition.  In  other  cases,  we  must  assume  that  the  cause 
lies  in  the  imperfect  working  of  the  blood-making  organs  (Art.  263);  but 
we  are  frequently  unable  to  say  where  the  fault  lies,  and  then  we  speak 
of  the  condition  as  essential  or  idiopathic  anaemia. 

If  the  elimination  of  water  from  the  blood  be  interfered  with,  as  in 
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renal  disorders,  tlie  blood  becomes  watery,  aad  the  condition  is  described 
as  hydraemia  or  hydrsemic  plethora.  Here  the  watery  parts  alone  are  out 
of  proportion;  the  amounts  of  the  other  constituents  present  are  normal. 

Hydraemia  is  less  often  the  result  of  mere  retention  of  water  than  of 
morbid  diminution  in  the  proportion  of  albumen  contained  in  the  blood, 
a  condition  which  has  been  called  hypalbuminosis.  The  diminution 
depends  either  on  deficient  supply  or  excessive  consumption  of  albu- 
men, or  on  both  together.  It  is  a  common  result  of  chronic  disorders 
of  digestion,  long-continued  and  profuse  discharges  from  the  bowels, 
dysentery,  chronic  suppurations,  excessive  secretion  from  certain  glands 
(over-lactation),  repeated  haemorrhages,  loss  of  albumen  from  renal  dis- 
ease, discharges  from  disintegrating  tumors,  etc.  Or,  as  an  idiopathic 
anaemia,  we  may  be  unable  to  trace  its  source.  The  proportion  of 
hemoglobin  in  the  blood  is  diminished  both  in  oligocythaemia  and  in 
hydraemia.  Normally,  the  blood  should  contain  some  14  grammes  of 
haemoglobin  per  100  cubic  centimetres;  in  anaemia,  the  proportion  may 
fall  to  8,  6,  or  even  3  grammes.  Such  blood  is  limpid,  pale,  and  light- 
red,  having  much  the  look  of  meat-washings. 

In  oligocythaemia,  the  decrease  of  haemoglobin  is  accounted  for  by 
the  diminution  in  the  number  of  red  corpuscles.  When  the  number  is 
normal,  either  their  size  (Art.  251  on  microcythaemia)  or  their  haemo- 
globin must  be  reduced.  Both  cases  occur.  In  the  latter  case,  the  in- 
dividual corpuscles  look  strikingly  pale  under  the  microscope,  as  is 
observed  in  the  blood  of  chlorosis. 

Anhydraemia  is  the  opposite  of  hydraemia;  it  implies  that,  while  the 
proportion  of  albumen  in  the  blood  is  maintained,  the  proportion  of 
water  and  salts  is  diminished.  Blood  of  this  kind  appears  viscid  and 
tar-like  in  consistence  and  color.  In  man,  it  is  oftenest  the  result  of 
profuse  Watery  discharges  from  the  bowels,  as  in  cholera,  or  of  excessive 
loss  of  water  by  the  skin. 

In  many  diseases,  the  proportion  of  the  fibrin-factors  in  the  blood 
is  altered.  It  is  increased  (hyperinosis)  in  all  inflammatory  disorders, 
but  especially  in  croupous  pneumonia,  rheumatism,  and  erysipelas.  It 
is  commonly  somewhat  increased  in  hydraemia.  The  result  is  that  when 
the  blood  coagulates  the  amount  of  fibrin  formed  is  abnormally  great. 

The  proportion  of  haemoglobin  in  the  blood  is  subject  to  considerable  varia- 
tion according  to  age  (Leichtenstern,  Untersuchungen  ub.  d.  Hamoqlohingehalt 
d.  Blutes  Leipzig  1878 ;  Hoppe-Seyler,  Physiol.  Chemie  Berlin  1877-81; 
Laache,  Die  Andmie  Christiania  1883).  It  is  highest  at  birth;  in  the  first  year  > 
it  falls  to  one-half,  and  rises  again  between  the  fifth  year  and  the  forty-fifth  to 
about  two- thirds  of  its  original  amount;  thence  it  again  declines.  Men  have  a 
somewhat  higher  proportion  of  haemoglobin  than  women.  The  proportion 
diminishes  during  gestation.  For  methods  of  estimation,  see  Gamgee  (Physiol. 
Chem.  I.);  Cornil  and  Ranvier  (Man.  Path.  Hist  i.);  B.AS.T  (Quart.  J  micro, 
sci.  1881);  Lyon  and  Thoma  (Virch.  Arch.  vols.  84,  87). 

Maas  has  shown  {Deutsch.  Zeitschr.  f.  Chir.  xvii.)  that  in  animals  rapid  with- 
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drawal  of  water  from  the  blood  is  followed  by  rapid  diminution  of  blood-pressure 
and  of  temperature.  He  maintains  that  most  cases  of  sunstroke  or  heat-stroke 
must  be  reckoned  as  cases  of  anhydrsemia. 

259.  The  changes  in  the  blood  discussed  in  the  foregoing  paragraphs 
have  been  merely  quantitative.  But  there  are  also  numerous  qualitative 
changes,  depending  on  the  presence  in  the  blood  of  foreign  substances 
in  solution.  The  chemical  processes  normally  taking  place  in  the  blood 
are  few  and  simple;  the  abnormal  substances  are  thus  either  derived 
from  the  exterior,  or  are  products  of  tissue-change  abnormal  in  them- 
selves or  abnormally  taken  up  into  the  blood;  it  is  rare  for  abnormal  sub- 
stances to  be  generated  in  the  blood  itself.  Most  of  these  impurities  of 
the  blood  are  not  traceable  by  means  of  the  microscope;  there  are  no 
histological  tests  for  the  presence  in  the  blood  of  sugar,  of  urea,  or  of 
morphia.  But  few  exceptions  exist.  Of  the  gases  entering  the  blood 
by  the  lungs  carbonic  oxide  produces  the  most  striking  change.  It 
gives  the  blood  a  bright  cherry-red  color,  which  can  often  be  recognized 
in  the  bright  tint  of  the  post-mortem  livores  or  stains.  On  section  the 
blood  which  flows  from  the  vessels,  and  that  contained  in  the  parenchyma 
of  the  organs,  alike  exhibit  the  characteristic  color.  In  cases  of  poison- 
ing by  carbonic  acid  the  blood  is  dark,  and  the  post-mortem  stains 
violet  or  livid.  The  blood  is  likewise  darkened,  and  may  be  even  inky, 
after  poisoning  by  sulphuretted  hydrogen. 

Of  products  of  metabolism  abnormally  taken  up  into  the  blood,  the 
salts  of  the  biliary  acids  and  the  bile-pigments  are  most  readily  recog- 
nized. The  bile-pigments  color  the  plasma  yellow.  Probably  the 
same  effect  may  be  produced  by  the  biliary  salts,  for  they  bring  about 
solution  of  the  haemoglobin  and  its  transformation  into  bilirubin.  The 
passage  of  bile  into  the  blood  is  at  once  manifested  by  the  yellow  stain- 
ing of  the  tissues,  especially  such  as  have  no  marked  color  of  their  own. 
This  condition  is  known  as  icterus,  or  jaundice.  If  the  staining  is 
recent,  the  tint  is  yellow;  after  a  time  it  passes  into  brown  or  grayish- 
green.  The  urine  is  likewise  discolored,  and  the  presence  in  it  of  the 
bile-pigments  can  readily  be  demonstrated  by  proper  tests. 

The  plasma  of  the  blood  maybe  discolored  by  the  presence*  of  methaB- 
moglobiu,  set  free  by  the  solution  in  it  of  the  red  corpuscles;  the  sub- 
stance may  be  demonstrated  in  the  blood,  and  also  in  the  urine.  If  the 
quantity  present  is  considerable  the  blood  has  a  lake-red  tint^  while  the 
urine  may  be  stained  from  light  brownish-red  to  a  deep  dark-red  (Art. 
262). 

In  what  is  called  ursemia,  a  condition  arising  from  impairment  of  the  renal 
function,  various  matters  accumulate  in  the  blood  which  affect  injuriously  the 
several  organs  and  especially  the  brain.  The  latter  effect  is  indicated  by  Ihe 
coma  and  convulsions  which  accompany  the  disorder.  (Christison,  On  granu- 
ar  degeneration  of  the  kidneys  Edinburgh  1839;  Scherer,  Verh.  d.  phys,-med. 
Gesell.  zu,  Wurzburg  ii.,  vil.).     In  animals  whose  kidneys  have  been  excised,  urea 
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and  various  urinary  extractives  are  found  to  gather  in  the  blood.  In  gout  the 
normal  proportion  of  uric  acid  is  remarkably  increased  (Garrod,  Med.  chir. 
Trails.  1848,  and  Gout  and  Bheumatic  gout  London  1876). 

In  acute  yellow  atrophy  of  the  liver  leucin  and  tyrosin  have  been  detected  in 
the  blood.  In  some  stages  of  diabetes  the  blood-serum  becomes  milky  (lipgemia) 
from  the  presence  of  chyle  or  emulsified  fat  (Hoppe-Seyler,  Physiol.  Chemie; 
Gamgee,  Physiol.  Chemistry  i. ;  Sanders  and  Hamilton,  Edin.  med.  Journ.  1879). 


!  CHAPTER  lY. 

CHANGES  IN  THE   BLOOD-CORPUSCLES. 

J  260.  The  formed  elements  of  the  blood,  the  red  and  white  corpus- 
Icles,  are  not  permanent  structures;  the  red  corpuscles  are  continually 
perishing  while  new  ones  take  their  place;  and  the  white  corpuscles  are 
diminished  in  number  by  migration  from  the  vessels,  so  that  the  propor- 
:tion  of  them  in  circulation  must  be  maintained  by  the  development  of 
'new  cells. 

I  The  number  of  white  cells  in  the  blood  is  not  altogether  constant 
jeven  in  health.  It  is  now  reckoned  that  on  the  average  there  is  one 
:white  cell  to  six  hundred  red;  but  the  proportion  is  often  greater  (as  dur- 
iing  digestion),  and  often  less. 

I  In  many  and  various  morbid  conditions  (as  in  continued  suppuration, 
jin  typhus,  typhoid,  and  intermittent  fevers,  in  pyaemia,  erysipelas,  etc.) 
the  white  blood-cells  are  increased  in  number,  multinuclear  forms  appear- 
ing as  well  as  the  uninuclear;  the  proportion  may  in  such  cases  rise  to  1 
in  100,  1  in  50,  or  even  1  in  20.  According  to  Viechow  the  white  cor- 
puscles are  most  apt  to  be  morbidly  increased  when  the  lymphatic  glands 
are  affected.  The  condition  of  morbid  increase  he  calls  leucocytosis;  it 
Is  a  temporary  condition  and  dependent  on  transient  causes. 
'  Leukaemia  (Viechow)  or  leacocythaeraia  (Hughes  Be]S"N"ett)  is  to 
be  distinguished  from  the  merely  temporary  condition  of  leucocytosis.  Its 
characters  are — a  more  or  less  notable  and  abiding  increase  of  white  cor- 
puscles, accompanied  by  a  decrease  of  the  red  corpuscles.  The  propor- 
tion between  the  two  may  be  so  altered  that  their  numbers  become  equal, 
pr  in  extreme  cases  the  white  may  slightly  outnumber  the  red. 
f  In  well-marked  leukaemia  the  blood  is  quite  visibly  altered  in  appear- 
ance; it  looks  pale,  transparent,  and  limpid.  Post-mortem  the  accumu- 
lations of  white  corpuscles  may  here  and  there  be  so  great  that  they  are 
apparent  to  the  unaided  eye.  In  the  heart  and  great  vessels  peculiar 
muddy  clots  are  found  instead  of  the  usual  fibrinous  deposits,  or  the  or- 
dinary post-mortem  clots  may  be  covered  over  with  a  white  creamy  pus- 
like film.  The  diagnosis  of  less-marked  cases  may  require  the  aid  of 
jthe  microscope,  by  which  even  a  slight  relative  increase  of  the  white  cells 
in  the  blood  may  be  recognized. 

Post-mortem  examination  of  cases  of  leukaemia  shows  that  changes  in 
icertain  of  the  organs  are  associated  with  the  changes  in  the  blood;  these 
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are  no  doubt  partly  cause  and  partly  effect  of  the  blood-changes.  The 
hyperplasia  of  tlie  spleen  (Arb.  328),  of  the  lymphatic  glands  (Art.  344), 
and  of  the  marrow  of  the  bones,  is  considered  as  an  originating  factor  of 
the  blood-changes.  The  grayish  infiltration  whicli  appears  diffused  or  in 
patches  through  various  organs  like  the  liver,  lungs,  and  kidneys,  can 
scarcely  be  other  than  an  effect;  the  white  cells  circulating  in  the  blood 
have  lodged  and  accumulated  in  the  parts  affected.  These  infiltrated 
cells  lie  partly  within  the  vessels,  and  partly  around  them.  Occasionally 
the  appearances  are  such  that  we  can  only  explain  them  by  assuming  that 
a  *  white  liaemorrh.age '  or  haemorrhagic  infarction  has  occurred.  Be- 
sides these  patches  of  simple  infiltration  tumor-like  formations  of  lymph- 
adenoid  tissue  are  at  times  found  in  certain  parts,  such  as  the  liver  and 
kidneys. 

Bennett  was  the  first  to  describe  the  affection,  which  he  called  leucocythse- 
mia  and  regarded  as  a  '  suppuration  of  the  blood  '  {Edin.  Tned.  and  surg.  Journ, 
Oct.  1845;  Leucocythcemia  Edinburgh  1853;  see  also  Brit.  for.  med.  chir.  Review 
2,  1852).  ViRCHOW  recognized  its  true  character  and  significance  under  the 
name  of  '  white  blood  '  or  leukaamia  {Froriep's  Notizen  Nov.  1845;  Gesamm.  Ab- 
hand.  p.  147). 

The  white  coi'puscles  found  in  leuksemic  blood  are  not  all  alike.  A  larger  and 
a  smaller  variety  can  be  distinguished,  and  in  different  cases  one  or  another  form 
may  be  the  more  abundant.  Virchow  holds  that  the  larger  cells  are  derived  from 
the  spleen,  and  their  abundance  in  the  blood  is  due  to  a  splenic  hyperplasia;  the 
smaller  cells  he  traces  to  the  lymphatic  glands.  From  this  point  of  view  leukae- 
mia has  been  characterized  as  splenic  (lienal),  lymphatic,  or  lymphatico-splenic,  the 
latter  form  being  intermediate  between  the  other  two.  The  relation  of  the  spleen 
or  lymphatic  glands  to  the  disease  is  thus  assumed  to  be — that  by  the  hyperplasia 
of  these  organs  an  increased  supply  of  lymphoid  elements  is  produced  and  con- 
veyed into  the  blood.  Attention  has  been  called  to  the  part  played  by  the  bone- 
marrow  by  the  researches  of  BizzozERO  {Cent.  f.  d.  med.  Wiss.  1869),  Neumann 
{Arch.  d.  Heilk.  xi.,  and  Berl.  Min.  Woch,  6,  1879,  with  full  references  to  other 
papers),  P0NFICK( Firc/i.  ^?'c/i.  vol.  67),  Waldeyer  (Virch.  Arch.  vol.  52),  and 
others.  In  leuksemic  patients  the  marrow  often  manifests  very  notable  changes; 
it  becomes  yellowish  and  pus-like,  and  contains  an  excessive  proportion  of  lym- 
phoid cells.  Going  upon  the  assumption  that  lymphoid  elements  pass  into  the 
blood  from  the  bone  marrow  as  well  as  from  the  spleen  and  lymphatic  glands,  a 
fourth  form  of  leukaemia  has  been  described — the  medullary  or  myelogenic  form. 
This  can  seldom  occur  uncombined  with  other  forms. 

Nucleated  red  blood-cells  have  now  and  then  been  found  in  leukaemic  blood 
(Erb,  Virch.  Arch.  vol.  34;  Boettcher,  ib.  vol.  36;  Klebs,  ib.  vol.  38;  Hayem, 
Arch,  dephysiol.  1883).  Neumann  (Berl.  klin.  Woch.  10,  1878)  believes  that  this 
fact  is  sufficient  to  establish  the  participation  of  the  marrow  in  the  genesis  of  the 
affection;  but  BizzozERO  and  Sal vio LI  (Ce?i^raZ&./.  d.  med.  Wiss.  1879)  dispute 
this,  and  think  the  nucleated  corpuscles  are  derived  from  the  spleen. 

It  is  impossible  to  assign  definitely  the  parts  taken  by  the  different  organs  in  ; 
the  production  of  leukaemia.     We  do  not  even  know  for  certain  whether  all  the  i 
organs  referred  to  are  normally  capable  of  contributing  lymphoid  elements  to  the 
blood.    It  still  seems  questionable  whether  the  marrow  takes  the  important  share  > 
ascribed  to  it  at  all;  it  may  well  be  that  the  accumulation  of  lymphoid  elements 
observed  in  it  is  merely  a  secondary  result  of  the  general  disease. 
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The  ultimate  cause  of  leukaemia  is  still  unknown.  It  is  not  inconceivable  that 
it  may  be  due  to  a  primaiy  disorder  of  the  substance  of  the  blood  itself  (Kott- 
MANN,  Symptome  der  Leukamie  Berne  1877).  Leube,  Penzoldt,  and  Fleischer 
have  recently  described  cases  (Firc/i.  Arch.  vol.  83,  Arch.f.  Min.  Med.  xxvi.)  in 
which  neither  spleen  nor  lymphatic  glands  nor  bone-marrow  were  affected;  from 
this  it  would  seem  that  structural  changes  in  these  tissues  are  not  absolutely  es- 
sential to  leukaemia.  Possibly,  as  Klebs  has  suggested,  it  may  in  reality  be  an 
infective  disorder. 

It  is  a  noteworthy  fact  that  hyperplastic  changes  may  take  place  in  the  spleen 
and  lymphatic  glands  without  any  accompanying  leukaemia.  Such  an  affection 
is  spoken  of  variously  as  malignant  lymphoma,  pseudoleukaemia,  and  lymphatic 
or  splenic  ansemia  (Arts.  328,  344).  The  latter  description  refers  to  the  fact  that 
the  affected  patients  gradually  sink  and  die  in  extreme  anaemia.  Occasionally  the 
pseudoleukaemia  seems  to  pass  into  true  leukaemia.  Further  details  on  the  sub- 
ject, together  with  full  references  to  the  literature  bearing  on  it,  are  given  by 
MoSLER  in  Ziemssen's  Cyclopaedia,  Art.  Leukcemia,  vol.  viii. ;  also  by  Fleischer 
and  Penzoldt  in  Arch.  f.  Min.  Med.  xxvi. ,  and  by  Gowers,  Reynolds'  Syst.  of 
Med.  v.  A  peculiar  feature  of  some  cases  of  leukaemia  is  the  presence  in  the 
blood  of  long  needle-like  octahedral  crystals  (' Charcot's  crystals':  Charcot  and 
Robin,  Soc.  de  biol.  1853,  Neumann,  Arch.  f.  mikr.  Anat.  ii. ;  Zenker,  Arch.  f.  klin. 
Med.  xviii.;  according  to  Schreiner  {Liebig's  Annal.  d.  Chem.  1878)  they  consist 
of  an  organic  phosphate). 

Ehrlich  has  recently  given  much  attention  to  the  white  blood-cells,  and  espe- 
cially to  their  behavior  with  various  staining-reagents  {Verh.  d.  physiol.  Oesell.  zu 
Berlin  20,  1878-9  and  Zeitschr.  f.  Min.  Med.  i.).  He  finds  that  a  whole  series  of 
forms  or  stages  can  be  distinguished.  One  form  contains  a  single^ ovoid  nucleus 
that  stains  feebly,  another  contains  one  or  more  rounded  deeply-staining  nuclei. 
Some  cells  show  peculiar  ai-rangements  of  their  granules,  whose  power  of  taking 
up  color  varies  in  different  cases.  Others  are  notable  for  their  power  of  absorb- 
ing eosin  ('  eosinophilous  cells  ')•  Ehrlich  further  notes  that  in  all  acute  cases 
of  leucocytosis  the  uninuclear  and  multinuclear  cells  are  increased  in  number, 
but  the  eosinophilous  cells  are  not.  On  the  other  hand  when  the  liEematopoietic 
organs  are  chronically  diseased,  as  in  leukaemia,  the  eosinophilous  cells  are  in- 
creased in  number.  Compare  Spilling,  Blutuntersuch.  bei  Leukamie  In.  Diss. 
Berlin  1880. 

261.  In  speaking  of  the  cases  in  which,  the  "whole  amount  of  blood  in 
the  body  is  reduced,  in  other  words  of  oligaBuiia,  we  mentioned  that  the 
number  of  the  red  corpuscles  is  simultaneously  diminished.  This  condi- 
dition,  known  as  oligocythaemia,  is  recognized  by  the  diminished  pro- 
portion of  haemoglobin  in  the  blood,  and  by  the  actual  diminution  in  the 
number  of  red  corpuscles  contained  in  a  drop  of  it.  In  extreme  anaemia 
the  number  may  fall  to  one-eighth  or  one-tenth  of  the  normal.  The  di- 
minution in  the  number  of  the  corpuscles  is  often  associated  with  changes 
in  their  form.  Some  of  them  are  unusually  minute  and  darker  or  lighter 
in  color;  they  may  measure  4-6  micromm.  instead  of  6-8  micromm.  in 
diameter.  This  condition  is  referred  to  as  microcythaBmia.  In  some 
forms  of  anaemia,  as  in  chlorosis  and  lead-poisoning,  both  abnormally 
small  and  abnormally  large  red  corpuscles  (microcytes  and  macrocytes) 
are  found.     Occasionally  cells  that  are  singularly  altered  in  shape  and 


380 


BLOOD    AND    LYMPH. 


partly  broken  up  are  met  with,  a  condition  known  as  poikilocytosis. 

As  regards  the  diagnosis  of  such  cases,  it  must  not  be  forgotten  that  very 
soon  after  the  blood  has  left  the  vessels  the  cells  undergo  very  various 
changes,  by  contact  with  the  air,  evaporation,  etc.  Even  when  the  blood 
is  taken  with  the  greatest  care  we  can  hardly  make  the  examination  with- 
out causing  some  of  the  cells  to  be  deformed.  It  is  common  enough  to 
see  them  actually  assuming  angular,  tuberculated,  or  stellate  forms. 
Microcythaemia  and  true  poikilocytosis  are  probably  due  both  to  defective 
production  and  to  excessive  and  abnormal  destruction  of  the  corpuscles; 
of  these  the  latter  is  perhaps  the  chief  factor. 

The  causes  of  the  blood -changes  here  described  are  in  part  those  al- 
ready given  (Art.  258)  as  producing  anaemia  and  hydraemia.  The 
changes  are  however  also  exhibited  in  the  diseases  known  as  chlorosis, 
pseudoleuksemia,  simple  and  haemorrhagic  purpura,  and  scurvy.  They 
are  most  pronounced  in  the  grave  disorder  known  as  progressive  perni- 
cious anaBmia.  In  the  latter  the  dependence  of  the  blood-change  on 
some  organic  affection  can  often  be  clearly  demonstrated,  but  there  are 
many  cases  in  which  the  cause  of  the  rapid  destruction  of  the  corpuscles 
cannot  be  discovered  (idiopathic  angemia).  Nucleated  red  corpuscles 
have  often  been  found  in  the  graver  forms  (Cohnheim,  Vifxh.  Arch. 
vol.  68;  LiTTEN",  Berl.  hlioi.  Woch.  1877,  1880;  Ehklich,  ibid.  1880; 
Hatbm,  Arch,  de  physiol.  1883. 

The  changes  which  occur  in  the  red  corpuscles  and  in  the  hemoglobin  of  the 
blood  in  aneemia  have  been  much  investigated  within  the  last  ten  years.  Special 
attention  has  been  given  to  the  examination  of  the  blood  in  pernicious  aneemia; 
by  which  term  the  highest  grade  or  extreme  of  anaemia  is  implied  (Quincke). 
Comparative  examinations  have  likewise  been  made  of  the  less  extreme  varieties 
such  as  occur  in  chlorosis,  after  severe  haemorrhage,  in  simple  purpura,  in  scurvy, 
in  the  puerperal  state,  in  chronic  tuberculosis,  in  gastric  carcinoma,  in  nephritis, 
etc. 

Of  the  numerous  papers  on  the  subject  the  following  may  be  mentioned: — 
Addison,  Collected  Works  (New  Syd.  Soc.)  London  1868;  Biermer,  Corresp.  f. 
schweiz.  Aerzte  ii.  (1872);  Zenker,  Deutsch.  Arch.  f.  Min.  Med.  xiii.;  Immermann, 
ih,  XIII.,  and  Ziemssen's  Cyclopcedia,  vol.  xiii. ;  Vanlair  andMASius,  De  laviicro- 
cythemie  Brussels  1871;  Trousseau,  Clin.  Medicine  v.;  Ponfick,  Berl.  Min.  Woch. 
1873;  Quincke,  Virch.  Arch.  vol.  54,  Sammlung  Min.  Vortrdge  100,  and  Arch.  f. 
Min.  3Ied.  xx.,  xxv.,  xxvii. ;  Pye-Smith,  Virch.  Arch.  vol.  65;  Quinquaud,  Arch, 
gen.  demed.  Sept.  1879;  Muller,  Die  progr.  perniciose  Anamie  In.  Diss.  Zurich 
1877;  Lepine,  Bulletin  gen.  de  Therap.  1876,  Revue  Mensuelle  1877  (with  analysis 
of  published  cases);  Byrom  Bramwell,  Edin.  med.  Journ.  1877;  Eichhorst,  Die 
prog.  pern.  Anamie  Leipzig  1878;  Penzoldt,  Situngsber.  d.  phys.-med.  Soc.  zu 
Erlangen  1878;  Bizzozero,  Centralb.  f.  d.  med.  Wiss.  8,  1881;  Frankenhauseb, 
ibid.  1883;  Waldstein,  Virch.  Arch.  vol.  91;  Laache,  Die  Anamie  Christiana 
1883.  For  English  work  on  the  subject  see  WiLKS,  BiHt.  med.  Journ.  2,  1874; 
Taylor,  Guy's  Hosp.  Rep.  1878;  Coupland,  Gulstonian  Lectures,  Lancet  1, 1881; 
HoBSON,  Practitioner  xxx.  (1883). 

The  genesis  of  oligocythaemia  is  referable  partly  to  excesswe  consumption, 
partly  to  defective  production,  of  the  red  corpuscles.     As  regards  the  latter  many 
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authors  maintain  that  white  corpuscles  are  transformed  into  red  by  the  develop- 
ment in  them  of  hsemoglobin.  Some  hold  that  the  transformation  occurs  within 
the  blood  as  it  circulates,  others  that  it  is  confined  to  the  spleen  and  bone-marrow. 
The  transformation  (say  they)  is  effected  by  the  disappearance  of  the  nucleus, 
the  rounding  and  flattening  of  the  cell,  and  the  gradual  deposition  in  it  of  hsemo- 
globin. In  support  of  this  view  the  occun-ence  of  nucleated  red  corpuscles  is  in- 
sisted on. 

Quite  recently  these  assumptions  have  been  assailed  by  various  investigators, 
and  a  different  account  has  been  given  of  the  genesis  of  red  corpuscles.  Hayem 
makes  out  that  they  arise  from  his  '  hsematoblasts,'  which  are  pinkish,  yellowish, 
greenish,  or  sometimes  colorless  biconcave  discs,  without  nuclei,  and  measuring 
1-4  micromm.  across.  These  discs  are  formed  in  the  protoplasm  of  the  lymph- 
corpuscles,  and  are  shed  by  the  latter  before  they  reach  the  blood.  Cadet  and 
PoucHET  give  a  like  account,  though  the  latter  believes  that  nucleated  red  coi'- 
puscles  are  produced  by  direct  transformation  from  leucocytes.  Malassez  and 
FoA  say  that  they  are  formed  out  of  cells  budded  off  fi-om  the  nucleated  cells  of 
the  bone-marrow.  Rindfleisch  finds  that  nucleated  red  hsematoblastsare  formed 
in  the  marrow,  which  subdivide  and  produce  daughter-cells;  from  these  the  nu- 
cleus is  extruded  and  the  remainder  becomes  a  red  corpuscle.  Bizzozero  denies 
the  accuracy  of  Hayem's  observations  and  holds  that  the  latter's  '  heematoblasts ' 
are  nothing  but  his  own  blood-plates  (Art.  252),  which  have  nothing  to  do  with 
the  production  of  red  corpuscles.  He  asserts  that  after  birth  nucleated  red 
blood-cells  appear  in  the  bone-marrow,  which  are  really  young  corpuscles,  and 
increase  by  subdivision.  The  division  of  the  nucleus  is  accompanied  by  the  for- 
mation of  karyolytic  figures.  In  early  fcetal  life  this  process  of  multiplication 
takes  place  throughout  the  entire  vascular  system;  towards  the  close  of  foetal 
life  the  process  is  restricted  to  the  liver  and  spleen,  and  after  birth  to  the  bone- 
marrow.  Neumann  takes  up  a  like  position.  Like  Rindfleisch,  BIzzozero  states 
that  the  nucleus  escapes  from  these  young  corpuscles,  while  Foa  assumes  that  it 
disappears. 

References: — Bizzozero,  Gaz.  med.  Lombard.  2, 1869  and  1874,  Centralb.  f.  d. 
med.  Wiss.  1869,  Arch.  p.  I.  scienze  med.  iv.,  Centralb.  f.  d.  med.  Wiss.  40,  1880 
and  8,  1881,  Arch.  ital.  de  biol.  l. ;  Neumann,  Centralb.  f.  d.  med.  Wiss.  44,  1868 
and  19,  1869,  Arch.  d.  Heilk.  x.  and  xv.,  Arch.  f.  mikrosk.  Anat.  xi. ;  Schafer, 
Proc.  Roy,  Soc.  xxii.  (1874);  R.  Maier,  Allg.  path.  Anat.;  Ranvier,  Arch.  d. 
phys.  1874;  Schmidt,  Month.  Micro.  Journ.  1874,  Quart.  J.  micro,  set.  1880; 
Hayem,  Gaz.  med.  de  Paris  1876  and  1878,  Comptes  Rendus  lxxxiv.,  lxxxv., 
and  Lxxxvi.,  Arch,  dephysiol.  1878  and  1879;  Malassez,  Gaz.  med.  de  Paris  1874 
and  1878;  Pouchet,  Journ.  de  Vanat.  et  de  la  phys.  xv.,  Gaz.  med.  de  Paris  25, 
1878,  Arch,  de  Phys.  norm,  et  path.  1882;  Rindfleisch,  Arch.  f.  miJcrosJc.  Anat. 
xvu. ;  Demme,  JJeb.  d.  morph.  Bestandtheile  d.  Blutes  bei  Sdicglingen,  Jahresb.  d. 
Kinderspitals  Berne  1880;  Cohnheim,  Virch.  Arch.  vol.  58;  Litten,  Berl.  klin. 
Woch.  1879,  1883;  Zaeslein,  Blutkorperchenzdhlung  bei  Typhus  abdominalis  In. 
Diss.  Basle  1881;  Tizzoni,  Arch.  ital.  debiol.  i. ;  Zahn,  Rev.  med.  de  Geneve  1%S\.; 
Thoma,  Virch.  Arch.  vol.  87;  Cadet,  Etude  phys.  des  elements  figures  du  sang 
These  de  Paris  1881;  Fol,  Arch.  p.  I.  sci,  med.  1879,  Arch.  ital.  de  biol.  i.;  Feue- 
STACK,  Zeitschr.  f.  loiss.  Zool.  xxxvin. 

262.  The  normal  process  of  destruction  of  the  red  corpuscles  may 

be  greatly  accelerated  and  increased  by  yarious  morbid  influences.  High 
temperature  affecting  the  blood  directly,  as  in  the  case  of  burns, 
always  brings  about  a  considerable  amount  of  disintegration  among  the 
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corpuscles.  Many  of  them  crumble  into  fragments  and  dissolve  (Poet- 
FiCK,  Klebs);  others,  without  being  actually  seen  to  break  up,  are  ren- 
dered functionally  useless  and  presently  disappear.  The  products  of  dis- 
integration circulate  for  a  time  in  the  blood,  and  are  then  at  length  elim- 
inated. 

Certain  chemically-active  substances  act  on  the  red  corpuscles  in  the ' 
same  way  as  high  temperature;  such  are  nitrobenzol  (Filehne),  potassi- 
um chlorate  (Marchand),  pyrogallic  acid  (Neisser),  sulphuric  acid 
(Leyden"  and  Mukk),  nitrite  of  amyl  (Hoppe-Seyler),  certain  mush- 
rooms of  the  morel  kind  (Poneick),  and  the  venom  of  certain  serpents 
(Halford). 

PoNFicK  has  shown  that  when  blood  from  one  animal  is  transferred 
into  the  vessels  of  another  the  foreign  red  corpuscles  become  dissolved. 
In  patients  suffering  from  intermittent  haemoglobinnria  Lichtheim 
showed  that  cooling  of  the  cutaneous  surfaces  caused  a  great  number  of 
the  red  corpuscles  to  break  up  and  dissolve  in  the  plasma  (Art.  259). 
Lastly  in  so-called  melansemia,  a  result  of  malarial  infection,  the  blood- 
change  is  due  to  the  destruction  of  the  corpuscles  and  the  retention  of 
the  disintegrated  products  in  the  blood.  The  effect  is  that  the  plasma 
contains  granular  pigment  either  free  or  enclosed  in  cells  or  agglome- 
rated into  irregular  masses. 

On  the  destruction  of  red  corpuscles  after  burns  see  PONFICK  {Naturforscher- 
versam.  Munich,  1877,  Berl,  Klin.  Woch.  46,  1877),  Lesser  ( Virch.  Arch.  vol.  79, 
with  references),  Catiano  (Virch.  Arch.  vol.  87),  Hoppe-Seyler  {Zeitschr.  f. 
phys.  Chem.  1881),  Tappeiner  (Cejif. /.  d.  med.  Wiss.  21  and  22,  1881).  On  par- 
oxysmal or  intermittent  hseraoglobinuria  see  Lichtheim  (Sanini.  klin.  Vortrdge 
134,  with  full  references),  Bollinger  (Deutsch.  Zeitschr.  f.  Thiermed.  ill.),  Boas 
{Arch.  f.  Jclin.  Med.  xxxii.),  Rosenbach  {Berl.  Min.  Woch.  10,  1880),  Ehrlich, 
{Deutsche  med.  Woch.  16,  1881).  On  melansemia  see  Mosler  {Ziemsseii's  Cyclop. 
vin.),  Colin  {Traite  des  fievres  intermitt.  Paris  1870),  Arnstein  (FircTi.  Arch.  vol. 
61),  Kelsch  (Arc/i.  dephysiol.  1875).  On  the  effect  of  transfusion  see  Ponfick 
{Virch.  Arch.  vol.  63).  On  poisoning  with  potassium  chlorate  see  Marchand 
{Virch.  Arch.  vol.  77),  and  with  mushrooms  Ponfick  {Virch.  Arch.  vol.  88)  and 
BosTROM  {Phys.-med.  Gesell.  zu  Erlangen  1880). 

Birch- HiRSCHFELD  {Berl.  klin.  Woch.  36,  1879)  describes,  under  the  name  of 
epidemic  haemoglobinuria  of  infants,  a  disease  observed  by  Winkel  in  the  Dres- 
den Lying-in  hospital;  it  attacked  suckling  children,  who  rapidly  perished  withi 
symptoms  of  destructive  change  in  the  blood,  cyanosis,  jaundice,  haemoglobinu- 
ria, and  petechial  eruptions.    Its  cause  is  unknown. 
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CHAPTER  Y. 

SOLID  IMPURITIES  IN  THE  BLOOD. 

263.  The  morbid  changes  in  the  blood  jast  discussed  (Arts.  257-262) 
are  all  liable  to  produce  more  or  less  transitory  pollution  of  the  blood. 
Disintegrated  corpuscles,  such  as  are  common  after  burns,  can  only  be 
regarded  as  impurities  which  have  to  be  eliminated;  and  so  too  the  pig- 
ment-granules of  melangemia,  and  the  crumbled  fragments  of  softening 
thrombi,  are  matters  foreign  to  healthy  blood.  They  have  this  in  com- 
mon that  they  are  the  products  of  morbid  changes  in  the  blood  itself. 
The  minute  groups  of  granules  seen  in  some  cases  of  anasmia  are  prob- 
ably of  the  same  nature;  Riess  {Reicherfs  Arch.  1872)  thinks  they  are 
disintegrated  white  cells,  Leube  {Berl.  Tdin.  Woch.  44, 1879)  regards 
them  as  broken-down  hgematoblasts,  Bizzozero  {Arch.  ital.  de  Biologie 
I.)  as  broken-down  blood-plates. 

Morbid  changes  in  the  yessel-wall  may  introduce  impurities  as 
well  as  changes  in  the  blood  itself.  For  instance,  in  some  infective  fevers 
the  vascular  endothelium  becomes  fatty  and  is  shed  into  the  blood-cur- 
rent. When  the  lining  membrane  of  the  heart  or  great  vessels  becomes 
inflamed  it  is  not  uncommon  for  fragments  of  diseased  tissue  to  be  swept 
off  in  like  manner.  Fatty  or  necrotic  patches  in  the  lining  membrane 
are  also  very  apt  to  contribute  impurities  to  the  blood;  it  is  thus  that 
fragments  of  necrosed  valves,  of  inflammatory  exudations,  and  of  fatty 
detritus  enter  the  circulation. 

264.  Impurities  derived  from  the  tissues  are  frequently  conveyed 
by  various  channels  into  the  blood.  The  lymphatic  system  is  one 
channel,  and  solid  matters  may  be  taken  up  and  carried  along  by  the 
lymph-current  directly.  More  commonly  such  matters  are  first  taken  up 
by  contractile  cells  Avhich  act  as  carriers.  Thus  the  products  of  disinte- 
gration of  extravasated  blood  are  carried  off  by  corpuscle-carrying  cells, 
and  the  products  of  fatty  degenei'ation  by  fat-granule  cells.  In  like 
manner  other  minute  particles  or  even  living  tumor-cells  may  reach  the 
blood. 

But  the  lymphatics  are  not  the  only  channel;  it  is  not  rare  for  the 
blood-vessels  to  be  entered  directly.  A  tubercle  developed  in  the  vessel- 
wall  may  break  up,  and  be  in  part  swept  off  by  the  current.  Tumors, 
such  as  cancers,  may  likewise  break  into  the  vessels,  and  tumor-cells  may 
be  conveyed  from  them  to  remote  points.     Moreover,  when  vessels  are 
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■wounded  extraneous  organic  matters  such  as  fat  may  gain  direct  access 
to  the  bloody  indeed  after  wounds  involving  adipose  tissues  the  blood  is 
almost  always  found  to  contain  oil-globules. 

265.  Extraneous  corpuscular  matters  may  reach  the  blood  in  the 
same  way  as -those  derived  from  the  tissues  of  the  body  itself.  Inhaled 
coal-dust  or  steel-dust  may  pass  through  the  pulmonary  lymphatics  and 
reach  not  only  the  glands  but  from  them  the  blood  itself,  and  similar 
minute  solid  matters  may  gain  access  directly  from  wounds.  Here  as 
before  the  migratory  cells  play  an  important  part  by  taking  up  the 
foreign  matters  into  their  substance  and  carrying  them  to  a  distance. 
Of  such  foreign  matters  animal  and  vegetable  parasites  are  unques- 
tionably the  most  important.  We  have  already  discussed  in  the  First 
Part  the  conditions  under  which  such  parasites  gain  an  entrance.  Their 
invasion  of  the  blood  is  partly  passive,  and  partly  active.  So  far  as  it  is 
passive  the  process  is  that  just  described;  but  many  parasites  have  more- 
over the  power  of  active  penetration  of  the  tissues,  and  so  make  direct 
avenues  of  entrance  for  themselves  through  the  vessel-walls  while  they 
also  use  the  pre-existing  lymph-channels.  It  must  also  be  remembered 
that  many  parasites,  and  chiefly  the  vegetable  kinds,  have  the  power  of 
multiplication  within  the  blood;  so  that  every  drop  may  contain  a  mul- 
titude of  individual  organisms.  The  best  examples  of  this  are  afforded 
by  the  anthrax-bacillus  and  the  spirillum  of  relapsing  fever.  In  the  case 
of  the  other  bacterial  affections  tliis  process  of  multiplication  within  the 
blood  has  not  yet  been  demonstrated,  though  there  are  many  disorders 
in  which  brood-colonies  are  met  with  in  the  smaller  blood-vessels,  as  in 
pysemia  (Art.  199).  Among  animal  parasites  the  Filaria  sanguinis 
(Art.  235)  is  the  only  one  which  occurs  in  great  numbers  in  human 
blood.  Trichinse,  when  they  do  enter  the  blood,  stay  only  a  short  time 
in  it.  As  to  the  seat  of  the  Distoma  Jimmatobiuin  or  Bilharzia  see  Art. 
239;  and  for  EcMnococcus  see  Art.  248. 

The  entrance  of  air  into  the  blood-vessels  deserves  special  mention. 
It  most  frequently  results  from  wounds  of  the  great  veins  in  the  neigh- 
borhood of  the  thorax;  but  it  may  also  occur  in  consequene  of  ulceration 
into  the  veins,  as  in  cases  of  gastric  ulcer  (JiiiiGE^S'SEisr),  or  after  partu- 
rition through  the  open  uterine  sinuses.  If  not  rapidly  absorbed  the 
bubbles  of  air  behave  like  small  solid  bodies  and  produce  like  results. 

266.  It  may  be  taken  as  a  general  law  that  no  foreign  body  can  for 
any  long  time  remain  in  the  blood  ;  it  is  either  deposited,  or  destroyed, 
or  eliminated  from  the  circulation.  It  may  be  deposited  in  very  various 
localities;  a  large  body  will  naturally  lodge  in  the  heart  or  a  great  ves- 
sel, a  smaller  one  may  pass  into  a  capillary. 

If  a  large  quantity  of  air  enters  the  right  heart  from  a  venous  trunk, 
it  forms  with  the  blood  a  bulky  froth,  which  the  contractions  of  tho 
heart  are  unable  to  propel  effectively.  The  result  is  that  little  or  no 
blood  reaches  the  left  heart,  the  blood  pressure  in  the  aorta  sinks,  and 
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the  patient  quickly  dies.  If,  however,  the  quantity  of  air  which  enters 
the  blood  is  small,  or  its  entrance  slow,  it  is  carried  on  in  the  form  of 
minute  bubbles,  and  may  circulate  throughout  the  body.  Larger  quan- 
tities may  produce  local  disturbances  of  the  circulation,  and  so  interfere 
with  the  cerebral  or  respiratory  functions,  but  after  a  time  it  is  all  ab- 
sorbed. 

Small  bodies  such  as  fat  globules  or  pigment  granules  generally 
lodge  in  the  capillaries  of  the  various  parts.  Certain  organs  seem  to  be 
favorite  seats  for  such  lodgments  ;  such  are  in  especial  the  spleen  and 
liver,  and  frequently  also  the  kidneys  and  bone-marrow.  The  observa- 
tion may  often  be  verified  on  the  post-mortem  table,  but  it  may  also  be 
experimentally  demonstrated  (Pokpick).  The  cause  of  the  preference 
for  these  organs  probably  lies  in  their  anatomical  structure,  in  conse- 
quence of  which  the  blood-current  through  them  is  unusually  slow.  As 
regards  the  spleen,  an  additional  factor  comes  into  play  in  the  permea- 
bility of  its  vessel-walls  ;  this  specially  favors  the  extravasation  of  small 
bodies  from  the  blood-current,  and  in  particular  such  as  are  inclosed  in 
contractile  carrier-cells. 

The  process  of  deposition  is  most  easily  followed  in  the  case  of  pig- 
mentary matters,  such  as  disintegrated  blood,  or  iron-compounds,  or 
granular  coloring  matters  inhaled  or  injected  into  the  blood.  The  spleen 
pulp  may  in  sucli  cases  become  deeply  stained,  and  sections  of  the  liver  may 
also  show  the  effect  in  a  very  instructive  manner.  In  the  latter  instance 
the  deposit  lies  chiefly  around  the  periphery  of  the  lobules.  At  first  the 
foreign  matters  are  seen  to  lie  within  the  vessels,  but  afterwards  they 
partly  pass  out  of  them  into  the  tissues.  This  escape  is  generally  effected 
by  the  help  of  contractile  carrier-cells  (Arts.  112-114),  but  free  corpus- 
cular matters  may  escape  from  the  capillaries  directly,  especially  from 
those  of  the  spleen. 

The  behavior  of  bacteria  in  the  vascular  system  has  already  been 
discussed  (Arts.  199-200).  The  embolic  occlusion  of  arteries  by  larger 
foreign  bodies,  and  its  results,  are  described  in  Arts.  29,  33,  and  255-257. 

The  fate  of  foreign  bodies  which  have  gained  access  to  the  blood  has  been  the 
j  subject  of  several  experimental  researches  by  Ponfick  (Virch.  Arch.  vol.  48), 
i  Slavjansky  (ibid.),  Ruppert  {Virch.  Arch.  vol.  72),  Soyka (Prag.  med.  Woch. 
I  1878),  and  others.    Cinnabar,  or  coal-dust,  or  Chinese  black  was  introduced  into 
I  the  blood  of  animals,  either  directly,  or  through  the  pulmonary  lymphatics  by 
i  inhalation.    These  substances  were  found  to  become  inclosed  in  contractile  cells, 
\.  and  to  be  deposited  outside  the  vessels  in  the  spleen,  liver,  kidneys,  and  bone- 
marrow.    The  carrier-cells  generally  take  up  the  foreign  matters  before    they 
leave  the  blood ;  but  in  the  spleen  pulp  and  in  the  marrow  they  may  become 
enclosed  after  escaping. 

On  the  subject  of  fat-embolism  see  Scrtba  {Deutsch.  Zeitschr.  f.  Chir.  xii., 

with  full  references),  Flournoy  {Contrib.  a  V etude  de  V embolic  graisseuse  Stras- 

j  bxurg  1878),  Hamilton  {Edinburgh  Med.  Journ.  1879),  Jolly  {Arch.  f.  Psych. 

I  XI.),  Jacobson  {Holmes'  Sysf.  of  Surg,    i.),  Mansell-Moullin  {Inter.  Encyc.  of 

Surg.  I.). 
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On  the  consequences  of  the  entrance  of  air  into  the  blood-vessels,  Jurgensen 
has  recently  published  {Arch.  f.  hlin.  Med.  xxxi.)  the  results  of  his  clinical  and 
experimental  investigations  ;  they  partly  bear  out  and  partly  extend  the  results 
previously  obtained  by  Bichat,  Magendie,  Muron,  Laborde,  Couty,  and  others. 
He  states  that  air  injected  distally  into  the  right  femoral  artery  appears  after  thir- 1 
teen  minutes  in  the  left  femoral  vein,  having  passed  tlirough  three  capillary  sys- 
tems.   The  air  may  continue  to  circulate  for  hours,  but  is  ultimately  absorbed,  i 
When  air  enters  the  pulmonary  vessels,  dyspnoea  with  brief  respiratory  pauses ^ 
is  induced.   When  life  is  in  danger,  the  respiration  is  notably  slowed.    So  long  as  > 
air  is  in  circulation  the  proportion  of  oxygen  in  the  blood  is  diminished. 

267.  The  ultimate  fate  of  foreign  substances  which  have  been 
arrested  in  the  blood-vessels  or  have  passed  into  the  neighboring  tissues, 
varies  according  as  the  substances  are  destructible  or  not. 

Insoluble  matters,  like  cinnabar,  coal-dust,  etc.,  remain  in  the  tissues 
permanently,  or  are  in  part  eliminated  from  the  body.  Experiment  shows 
that  after  many  weeks  some  part  of  the  substance  may  still  lie  enclosed 
in  cells  within  the  tissues.  Daring  this  time  some  movement  of  the 
substance  always  takes  place  ;  the  carrier-cells  change  their  position,  and 
may  even  enter  the  blood  once  more.  In  this  way  part  of  the  substance 
is  carried  to  the  exterior  of  the  body,  and  that  by  various  routes.  In 
the  first  place,  glands  like  the  kidneys,  liver,  or  mamma,  whose  secretion) 
passes  out  of  the  body,  may  eliminate  the  foreign  substance  with  the 
secretion.  Bat  it  may  also  pass  out  through  the  mucous  membranes, 
through  the  lungs,  through  wounded  parts,  or  even  through  the  skin ; 
such  is  especially  the  case  when  active  cell-migration  is  taking  place  at 
any  of  these  sites.  For  example,  if  we  introduce  a  considerable  amount 
of  insoluble  coloring  matter  into  the  blood  or  lymph  of  an  animal,  and 
then  induce  inflammation  at  any  point,  a  large  proportion  of  the  mi- 
gratory leucocytes  will  be  found  to  have  portions  of  the  coloring  matter 
inclosed  in  their  protoplasm.  In  spite,  however,  of  these  processes,  by 
which  the  organism  gets  rid  of  its  impurities,  some  part  of  the  foreign 
substance  will  usually  remain  in  the  tissues  ;  and  if  the  substance  is  col- 
ored, a  morbid  or  abnormal  pigmentation  of  the  organs  may  result. 

Many  of  the  extraneous  substances  entering  the  blood  are  soluble  and 
destructible,  and  such  always  disappear  after  a  longer  or  shorter  time. 
Thus  inhaled  particles  of  chalk-dust  are  dissolved  in  the  blood;  fat,  which 
circulates  in  great  drops,  rapidly  disappears;  and  micro-organisms  like- 
wise break  up  and  are  absorbed,  so  soon  as  they  cease  to  find  the  "vital 
conditions  that  are  necessary  to  them.  Even  embolic  plugs  of  considerable 
size  (such  as  fragments  of  thrombi,  of  diseased  valves,  etc.),  are  in  timei 
dissolved  and  disappear  (see  Arts.  114-115  and  254-257,  where  the  ef-1 
fects  of  septic  or  infective  embolism  are  described). 

Emboli  consisting  of  living  cells  may  proceed  to  grow  and  develop  ati 
the  spot  where  they  lodge.  This  happens,  for  example,  in  the  develop- 
ment of  secondary  tumors  (Art.  174). 

268.  The  question  as  to  what  becomes  of  disintegrated  red  cor- 


L 


SOLID    IMPUKITIES    IJ^    THE    BLOOD.  387 

puscles  has  a  special  interest.  We  have  already  said  in  Art.  260  that 
the  lifetime  of  a  red  corpuscle  is  but  brief;  according  to  Quincke 
(Deidsch.  Arch.  f.  Tdin.  Med.  xxvii.)  it  is  probably  not  longer  than  two 
or  three  weeks.  At  the  end  of  that  time  it  becomes  functionally  inac- 
tive, is  taken  up  by  the  white  cells,  and  eliminated  from  the  blood. 
Quincke  says  this  happens  chiefly  in  the  liver  and  spleen,  possibly  also 
in  the  bone-marrow.  The  red  corpuscles  and  their  debris  inclosed  in  the 
white  cells  of  the  spleen-pulp  are  transformed  into  colored  or  colorless 
ferro-albuminoid.  compounds,  which  may  be  micro-chemically  demon- 
strated either  in  the  soluble  or  the  granular  form.  From  the  spleen  and 
marrow,  perhaps  also  from  the  liver,  some  part  of  these  iron-compounds 
passes  again  into  the  blood,  being  utilized  in  the  formation  of  new  red 
corpuscles;  the  remainder  is  excreted  by  the  liver-cells. 

If  however  the  destruction  of  blood-cells  becomes  so  excessive  that 
hsemoglobin  appears  in  solution  in  the  plasma,  the  kidneys  take  part  in 
the  eliminating  process,  and  hsemoglobiiiuria  is  induced.     Haemato- 
genous  and  biliary  pigments  whicli  have  passed  into  the  blood  (as  from 
old  hasmorrhagic  patclies,  for  example)  are  excreted  in  the  urine  as  uro- 
bilin (KuNKEL,  Vircli.  Arch.  vol.  79).     The  more  insoluble  parts  of  the 
red  corpuscles  reach,  the  spleen,  liver,  and  bone-marrow;  and  there  the  nor- 
mal process  of  disintegration  becomes  intensified  so  as  to  meet  the  demand 
on  it  thus  occasioned.     In  these  organs  numbers  of  cells  can  be  seen 
which  contain  fragments  of  red  corpuscles,  or  brown  and  yellow  flakes 
and  granules  of  pigment;  and  similar  flakes  and  granules  also  occur  free. 
The  pigmentation  of  the  organs  may  in  this  way  become  very  intense. 
The  kidneys  also  generally  contain  fragments  of  pigment  in  the  glo- 
meruli, tubules,  and  interstitial  tissue.     Ponfick  has  pointed  out  {Berl. 
hlin.  Woch.  1877)  that  such  deposits  are  often  associated  with  serious 
:  textural  and  functional  changes  in  the  kidneys,  and  especially  with  the 
j  formation  of  tube-casts  and  fatty  degeneration  of  the  renal  epithelium. 
!       The  brown  flakes  and  granules  found  in    these   deposits  have  not 
Ij  always  the  same  composition.     They  are  in  part  proximate  derivatives  of 
the  blood-pigments  such  as  bilirubin  and  haematoidin,  formed  directly 
I  from  haemoglobin;  partly  ferro-albuminoid  bodies  (Quincke);  and  partly 
i  other  compounds  of  iron  such  as  the  hydrated  sesquioxide  (Kunkel, 
I  Virch.  Arch.  vol.  81). 

I  The  liver  and  spleen  may  be  unable  to  deal  with  the  increased  amount 
I  of  material  brought  to  them  when  the  disintegration  of  corpuscles  in  the 
blood  exceeds  a  certain  limit;  that  is  to  say,  they  may  not  be  able  to  de- 
]  stroy  it  or  to  eliminate  it  with  the  bile.  Hence  these  organs  may  ^how 
j  signs  of  more  or  less  temporary  pigmentation  or  of  deposits  of  iron-com- 
I  pounds  (Quincke,  Kunkel);  and  the  same  is  occasionally  seen  in  other 
organs.  Part  of  the  iron  deposited  may  possibly  be  derived  directly  from 
!  dissolved  haemoglobin  which  has  not  undergone  change  in  the  interior  of 
\  carrier-cells. 


388  BLOOD    AND    LYMPH.  I 

Quincke  moreover  affirms  that  such  deposits  of  iron  may  occur  when 
from  any  cause  the  formation  of  new  corpuscles  is  interfered  with.     The 
iron-compounds  naturally  formed  are  not  utilized  speedily  enough   in ! 
forming  blood,  and  are  not  at  once  eliminated  from  the  body. 

The  above  account  of  the  formation  of  pigment-granules  containing  iron  rests 
mainly  on  tlie  researches  of  Quincke  and  Kunkel.  It  is  to  a  certain  extent  con- 1 
firmed  by  the  case  described  by  Hindenlang  {Virch.  Arch.  vol.  79),  in  -wliichi 
pigmentary  infiltration  of  many  of  the  organs  was  observed  in  a  patient  dead  of 
purpura,  in  whom  a  large  extravasation  of  blood  had  undergone  absorption.  The- 
liver,  spleen,  pancreas,  kidneys,  and  other  organs  contained  yellowish-brown  pig- 
ment-carrying cells,  and  yellow  and  brown  flakes  and  granules  of  free  pigment. 
Kunkel  examined  the  pigment  and  found  it  to  consist  of  hydrated  ferric  oxide 
with  a  mere  trace  of  hsematin;  while,  as  Ziegler  convinced  himself,  the  appear- 
ances were  exactly  those  of  the  pigmentary  infiltrations  found  in  other  like  cases. 
It  may  therefore  be  granted  that  in  such  cases  pigments  may  be  formed  contain- 
ing iron,  which  are  not  at  all  or  only  remotely  related  to  hsematin  (Art.  68). 
Quincke,  who  demonstrated  by  chemical  tests  the  presence  of  iron  in  pigmented 
sections,  found  it  occurring  diffused  or  as  minute  granules  in  the  lymphatic 
glands,  liver,  and  kidneys.  He  calls  the  condition  siderosis,  a  term  that  is  in 
itself  not  inapt,  though  it  Jias  already  been  applied  to  the  deposit  of  inhaled  steel- 
dust  in  the  lungs. 


CHAPTER  TL 


CHANGES  IN  THE  LYMPH. 


269.  The  lymph  is  merely  the  liquid  transuded  from  the  blood-ves- 
sels, together  with  certain  products  of  tissue-metabolism  and  certain 
matters  taken  up  (e.  g.  by  the  lacteals)  from  the  outside.  To  this  the 
lymphatic  glands  contribute  a  number  of  lymphoid  elements,  in 
addition  to   the   few  cells  derived   from   the  blood.     The    sources  of 


Fig.  120.    Section  through  a  degenerating  patch  from  the  brain. 
{Perosmic  acid  preparation:    X  200). 


a,  blood-vessel  filled  with  blood. 
6,  tunica  media. 

c,  adventitia  with  its  lymph-sheath. 

d,  unaltered  neuroglia-cells. 

e,  fatty  neuroglia-cells. 

/,  binuclear  neuroglia-cells. 
g,  sclerosed  tissue. 


h,    IjTnphoid  cells. 

hi,  lymphoid  cells  containing  a  few  oil-glob- 
ules. 

7i2,  fat-granule  carriers. 

Ag,  pigment-granule  celMi  some  containing 
red  corpuscles. 


the  lymph  being  thus   somewhat  various,  we  may  expect  that  morbid 
changes  in  its  composition  will  not  be- uncommon.     Changes  in  the  blood 
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and  disorders  of  the  tissues  generally  give  rise  to  changes  in  the  lymph; 
and  the  various  impurities  of  the  blood  already  described  are  all  of  them 
apt  to  pass  into  the  lymphatic  system  on  leaving  the  blood-vessels.  To 
discuss  in  detail  the  changes  which  may  take  place  in  the  lymph  would 
in  fact  require  us  to  repeat  what  we  have  said  concerning  the  impurities 
of  the  blood,  as  well  as  to  go  through  all  the  morbid  processes  affecting 
the  tissues  in  which  the  lymph-stream  takes  its  rise. 

Many  of  the  changes  referred  to  are  not  capable  of  microscopical  de- 
monstration, being  due  to  substances  dissolved  in  the  lymph.  As  regards 
the  formed  elements,  the  morbid  changes  are  either  such  as  to  relate  to 
the  quantity  or  quality  of  the  lymph-cells,  or  to  the  addition  of  solid 
products  of  tissue-waste  or  of  foreign  matters  derived  from  without.  As 
an  example  of  such  changes  in  the  normal  contents  of  the  lymph,  we  may 
refer  to  Fig.  120,  representing  a  perivascular  lymph-sheath  (c)  from  a 
lunatic's  brain,  which  contained  both  sclerosed  and  softened  patches. 
The  lymph-sheath  is  dilated  and  contains  numerous  cells,  which  are 
laden  with  colorless  products  of  degeneration  of  brain-tissue  {h^  h^,  or 
with  the  debris  of  disintegrated  blood  (A3).  There  are  also  lymphoid  cells 
(A)  not  inclosing  any  such  matters.  The  two  former  kinds  of  cells  are 
foreign  to  the  normal  lymph  of  the  brain,  and  even  of  the  latter  the 
numbers  are  here  abnormally  great. 

A  lymphatic  vessel  taken  from  tissue  in  a  state  of  inflammation  would 
show  an  abnormal  increase  of  cellular  elements  in  the  lymph  it  contained; 
another  taken  from  the  neighborhood  of  a  tumor  would  probably  contain 
tumor-cells;  a  third  from  a  region  invaded  by  micrococci  would  contain 
colonies  of  these  in  jorocess  of  development,  and  so  on. 


SECTION    II. 

THE  VASCULAR  MECHANISM. 
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CHAPTEE  TIL 

MALFORMATIONS  AND  MALPOSITIONS  OF  THE  HEART. 

270.  The  development  of  the  heart  is  so  complex,  and  so  dependent 
on  the  accurate  co-ordination  of  many  diverse  stages  and  processes  of 
growth,  that  its  liability  to  malformation  is  not  surprising.  The  chief 
abnormalities  which  occur  are — insuflBcient  size  of  the  heart  as  a  whole, 
and  defective  development  of  the  septa  and  of  the  ostia.  These  are 
often  associated  with  defects  in  the  large  vessels. 

The  defects  in  the  septa  may  vary  from  the  entu'e  absence  of  any 
partition  to  the  persistence  of  minute  openings  which  have  no  effect 
whatever  on  the  functions  of  the  heart.  The  commonest  defects  are — 
patency  of  the  foramen  ovale,  and  deficiency  of  the  ventricular  septum 
beneath  the  aortic  valves. 

Defects  of  the  ostia  are  generally  of  the  nature  of  valvular  deformi- 
ties. Some  of  these  are  unimportant  unless  they  interfere  with  the  com- 
petency of  the  valves;  such  are  excess  or  diifiinution  in  the  number  of 
valvular  segments,  and  slighter  anomalies  in  their  form  or  relative  posi- 
tion. When  the  malformation  of  the  valves  is  such  as  to  interfere  with 
their  functions  by  causing  incompetency  or  stenosis,  the  case  is  more 
serious,  and  may  become  extremely  serious.  Many  of  the  commoner  val- 
vular malformations,  especially  such  as  are  of  the  nature  of  thickening, 
contraction,  or  adhesion,  are  referable  to  inflammatory  affections  in  utero. 
Occasionally  traces  of  such  inflammations  are  to  be  found  elsewhere  than 
about  the  valves,  and  generally  in  the  form  of  whitish  thickenings  on 
the  surface  of  the  endocardium  (Arts.  281-283). 

Deveiopment  of  the  lieart.  The  heart  is  originally  formed  out  of  two  lateral 
mesoblastic  tubes  which  coalesce  into  an  undivided  straight  tube.  This  single 
tube  is  continuous  in  front  with  the  two  primitive  aortas,  and  posteriorly  it  re- 
ceives the  two  vitelline  veins  from  the  vascular  area.  In  consequence  of  the  con- 
tinued growth  of  the  single  tube  it  becomes  doubled  on  itself  into  an  S-shaped 
structure,  and  presently  by  slight  constrictions  three  somewhat  sacculated  sec- 
tions can  be  made  out.  The  anterior  almost  straight  section  is  the  aortic  bulb; 
the  middle  section  has  somewhat  thickened  walls  and  forms  the  ventricular  por- 
tion; the  posterior  section  is  thin-walled  and  forms  the  auricular  portion. 

By  the  continued  bulging  and  growth  of  the  ventricular  portion  the  aortic 
bulb  and  the  auricular  portion  are  brought  into  approximate  juxtaposition,  and 
sometimes  seem  to  twjst  round  each  other.  The  ventral  bulge  of  the  ventricular 
portion  indicates  the  position  of  the  future  apex. 
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The  next  step  is  the  separation  of  the  ventricular  portion  into  two  chambers. 
This  begins  to  take  place  about  the  seventh  week  by  the  development  of  a  low 
crescentic  fold  from  the  inner  surface  of  the  right  wall  below,  while  an  evanes- 
cent notch  appears  at  the  corresponding  spot  outside.  The  fold  grows  rapidly 
upwards  towards  the  auriculo-ventricular  opening,  where  it  is  in  relation  both 
with  the  auricular  portion  and  the  aortic  bulb.  For  a  time  therefore  communi- 
cation between  the  ventricles  is  free  over  the  top  of  the  septal  fold. 

The  septum  of  the  auricles  begins  to  appear  about  the  eighth  week  as  a  low 
crescentic  fold,  starting  from  the  anterior  wall  of  the  auricular  portion  and  the 
upper  edge  of  the  ventricular  septum.  In  the  tenth  or  eleventh  week  two  other 
folds  grow  up  from  the  posterior  wall,  one  coming  forward  to  meet  without  ad- 
hering to  the  anterior  fold,  and  forming  the  valve  of  the  foramen  ovale;  the  other 
fold  is  the  Eustachian  valve.  The  auricular  septum  thus  remains  incomplete  un- 
til after  birth,  when  the  valve  usually  coalesces  with  the  margin  of  the  foramen 
ovale,  and  the  latter  ceases  to  be  patent. 

The  division  of  the  arterial  bulb  begins,  about  the  seventh  week,  by  the  devel- 
opment of  an  internal  septum  proceeding  from  the  distal  end  towards  the  ventri- 
cles. Two  channels  are  thus  formed  from  the  single  cavity,  and  the  direction  of 
the  septum  twists  in  such  a  way  that  the  anterior  channel  (pulmonary  artery) 
becomes  continuous  with  the  cavity  of  the  right  ventricle,  and  the  posterior 
channel  (aorta)  with  the  cavity  of  the  left  ventricle.  The  septum  ultimately 
meets  and  joins  the  septum  of  the  ventricles. 

The  two  primitive  aortas  form  the  first  or  primitive  pair  of  aortic  arches  and 
converge  dorsally  and  posteriorly  to  form  a  single  trunk.  Between  the  ascend- 
ing and  descending  limbs  of  each  arch  are  developed  four  secondary  aortic  arches, 
while  the  primitive  arches  almost  entirely  disappear.  The  great  arterial  trunks 
are  derived  chiefly  from  the  three  lower  secondary  arches,  but  portions  of  the 
primitive  and  of  the  highest  secondary  arches  persist  in  the  internal  and  external 
carotids. 

271.  Defects  of  development  iu  the  large  arterial  and  yenons 

trunks  are  of  grave  import.  Such  defects  are  very  much  more  frequent 
in  the  arteries  than  in  the  veins.  Thus  we  may  have  absence  or  imper- 
fection of  the  septum  of  the  aortic  bulb,  so  that  the  aorta  and  pulmonary 
artery  rise  from  a  single  stem.  Or  the  position  of  the  septum  may  be 
abnormal,  whereby  the  aorta  is  displaced  to  the  right;  in  extreme  cases 
it  may  even  arise  from  the  right  ventricle. 

Of  the  vessels  which  are  not  directly  connected  with  the  heart  the 
most  interesting  is  the  ductus  arteriosus  {ductus  BotalU),  which  unites 
the  pulmonary  artery  with  the  descending  aorta.  It  naturally  becomes 
occluded  and  impervious  after  birth,  but  in  many  cases  it  remains  patent, 
especially  when  defects  in  the  aorta  or  pulmonary  artery  make  its  persist- 
ence necessary  to  life.  This  happens  notably  in  cases  of  atresia  of  either 
trunk;  if  blood  is  to  reach  the  branches  at  all  it  must  pass  from  the  per- 
vious trunk  through  the  ductus  into  the  other. 

It  is  always  to  be  remembered  in  connection  with  this  subject  that 
many  of  the  miner  anomalies  are  merely  the  necessary  results  of  other 
more  fundamental  malformations.  Thus  the  malposition  of  the  septum 
of  the  aortic  bulb  may  involve  the  displacement  of  the  aorta  to  the  right 
(Rokitanskt),  and  there  may  in  consequence  be  a  defect  in  the  ven- 
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tricular  septum,  even  though  it  is  sufficiently  developed  to  have  met  the 
septum  of  the  bulb  had  the  conditions  been  normal.  Similarly  a  primary 
defect  in  the  ventricular  septum  may  lead  to  secondary  deformities  else- 
where (Orth).  If  the  right  auriculo-ventricular  orifice  should  be  nar- 
rowed or  closed,  the  blood  from  the  right  auricle  must  pass  into  the  left 
auricle;  and  this  will  naturally  prevent  the  closure  of  the  auricular  sep- 
tum. And  so  generally,  a  defect  at  one  point  is  to  a  certain  extent  com- 
pensated for  by  a  corresponding  abnormality  at  another.  Not  infre- 
quently the  connected  series  of  malformations  is  highly  complex,  so  that 
it  is  not  always  easy  to  make  out  their  mutual  relations. 

Summing  up  we  may  say,  that  the  causes  of  cardiac  malformations 
are  to  be  sought  either  in  lack  of  developmental  energy,  or  in  imperfect 
co-ordination  of  the  several  stages  and  processes  of  growth,  or  in  inflam- 
matory disease  attacking  the  heart  in  utero. 

According  to  Forster  the  chief  forms  of  cardiac  malformation  are  the  follow- 
ing. 

(1)  Absence  or  deficiency  of  the  septum  of  the  aortic  bulb,  with  deficiency  of 
the  other  septa;  of  this  there  are  various  degrees: — 

(a)  the  heart  is  in  two  parts,  one  corresponding  to  the  ventricular  portion 
and  the  other  to  the  auricular  portion 

(&)  the  heart  has  two  auricles  and  one  ventricle. 

(2)  Atresia  or  stenosis  of  the  aorta  or  pulmonary  artery,  with  partial  deficiency 
of  the  septa: — 

(a)  aorta  narrow  or  impervious;  .pulmonary  artery  conveys  blood  to  the 
aorta  and  its  branches  through  the  ductus  arteriosus;  auricular  and  often  ventri- 
cular septum  imperfect;  left  ventricle  ill-developed,  right  ventricle  large 

(&)  pulmonary  orifice  narrow  or  impervious;  lungs  supplied  with  blood  from 
the  aorta  through  the  ductus  arteriosus;  auricular  and  ventricular  septa  generally 
imperfect,  the  latter  may  be  closed;  this  form  is  not  infrequently  met  with  in 
clinical  practice. 

(3)  Defective  metamorphosis  of  the  arterial  arches: — 

(a)  stenosis  of  the  aortic  arch  above  the  entrance  of  the  ductus  arteriosus; 
the  latter  remains  patent  and  conveys  blood  from  the  pulmonary  artery  to  the 
descending  aorta 

(6)  transposition  of  the  great  trunks;  aorta  rising  from  the  right,  pulmonary 
artery  from  the  left  ventricle;  septa  deficient;  more  rarely  the  great  veins  are 
likewise  transposed 

(c)  aorta  and  pulmonary  artery  both  rise  f I'om  the  right  ventricle. 

(4)  Patency  of  foetal  apertures,  the  arteries  being  normal. 

The  commonest  example  is  offered  by  the  foramen  ovale;  minor  deflciences  iu 
the  auricular  septum  have  no  effect  on  the  circulation.  The  ductus  arteriosus 
may  remain  open  for  a  long  time;  if  the  channel  be  narrow  its  patency  has  no 
importance.  Minor  deficiencies  in  the  ventricular  septum  are  less  common; 
they  may  become  of  importance  if  the  function  of  the  heart  is  impaired  from 
other  causes. 

(5)  Atresia  or  stenosis  of  an  auriculo-ventricular  orifice. 

Here  the  auricle  may  be  shut  off  from  the  corresponding  ventricle;  the  septa 
are  always  deficient.  ,^ 

(6)  Deformity  of  the  valves. 
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The  valves  may  be  stunted,  morbidly  adherent,  misshapen,  or  abnormally 
subdivided  in  a  multitude  of  ways;  the  result  may  be  incompetence  or  stenosis. 

The  malformations  above  described  are  often  incompatible  with  life.  In 
other  cases  life  is  possible  but  the  circulation  is  gravely  disordered,  which  may 
be  indicated  during  life  by  extreme  cyanosis. 

References: — Forster,  Handb.  d.  path.  Anat.  and  Die  Missbildungen  des 
Menschen  Jena  1865;  Peacock,  Malformations  of  the  human  heart  London  1866 
(with  references  to  the  earlier  literature);  Maier,  Allg.  path.  Anat.;  Rokitanskt 
Die  Defected.  Scheidewdnde  d.  Herzens  Vienna  1875;  Orth,  Virch.  Arch.  vol.  82; 
ASSMUS,  Deutsch.  Arch.  f.  Min.  Med.  xx. ;  Reil,  ibid.  xvii. ;  Rauchfttss,  Ger- 
hardt's  Handb,  d.  Kinderkrankh.  vol.  iv.  Tiibingen  1878;  Tarupfi,  Sidle  mal. 
oongmit.  d.  cuore  Bologna  1875;  Greenfield,  Trans.  Path.  Soc.  xxvii.  (1876); 
Buhl,  Zeitschr.f.  Biologic  xvi.;  Lorenz,  Wien.  med.  Jahrb.  1880;  Orth,  Virch. 
Arch.  vol.  82,  and  Lehrb.  d.  spec.  path.  Anat.  vol.  i.  Berlin  1883;  Dilg,  Virch. 
Arch.  vol.  91. 

273.  It  is  not  rare  for  the  heart  to  be  abnormally  small  in  propor- 
tion to  the  body-weight.  The  condition  is  described  as  cardiac  hypo- 
plasia. The  heart  is  either  abnormally  small  at  birth,  or  it  simply  lags 
behind  the  body  in  its  growth.  Thus  in  adults  the  heart  may  be  no 
bigger  than  it  normally  is  in  children  of  seven  or  eight.  Such  extreme 
cases  are  rare,  bfit  minor  degrees  are  often  met  with.  Viechow  showed 
that  cardiac  hypoplasia  is  common  in  patients  suffering  from  chlorosis  or 
haemophilia.  The  aorta  and  arteries  in  such  patients  are  usually  narrow 
and  thin-walled;  while  the  genital  organs,  and  sometimes  the  entire 
body,  are  ill-developed.  General  hypoplasia  of  the  vascular  system  oc- 
curs in  men  as  well  as  in  women.  As  the  growth  of  the  heart  is  in  a 
measure  conditioned  by  the  work  it  has  to  do,  the  increased  resistance 
caused  by  the  narrowness  of  the  aorta  may  bring  about  a  compensatory 
or  functional  hypertrophy  of  the  heart  muscle. 

The  abnormal  thinness  and  narrowness  of  the  great  arteries  are  often 
associated  with  anomalies  in  their  distribution;  and  corrugated  or  lattice- 
like irregularities  of  surface  are  also  observed  on  the  inner  coat  of  the 
aorta.  In  such  cases  the  aorta  is  peculiarly  liable  to  fatty  change,  and 
to  spontaneous  rupture. 

The  heart  may  be  misplaced  in  the  thorax;  the  most  notable  case 
being  that  of  transposition  or  dexiocardia.  This  is  rarely  a  solitary 
malposition  (Krieger,  Ueb.  reine  Dexiocardie  In.  Diss.  Berlin  1880),  it 
is  nearly  always  part  of  a  general  Situs  inversus  (Art.  11). 

In  cases  of  fissural  malformation  of  the  wall  of  the  thorax  and  abdo- 
men (Art.  9)  the  heart  is  not  uncommonly  displaced  forwards  {Ectopia 
cordis).  The  pericardium  may  be  present  or  absent;  but  total  or  partial 
absence  of  the  pericardium  without  other  malformation  is  very  rare. 

References  on  the  size  of  the  heart  and  blood-vessels  in  normal  and  morbid 
conditions: — Peacock,  On  the  size  and  weight  of  the  heart  London  1854;  Vie- 
chow, Ueb.  die  Chlorose  u.  die  damit  verbundenen  Anomal.  am  Oefdssapparate 
Berlin  1873;  Bamberger,  Lehrb.  d.  Kranh.  d.  Herzens  Vienna  1857;  Beneke. 
Die  anatom,  Orundlagen  der  Constitutions-anomalieen  Marburg  1878;  Buhl, 
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Mitth.  a.  d.  path.  Inst,  zii  Munehen  Stuttgart  1878;  Du  Castel,  Arch.  gdn.  de 
rn^d.  1880;  Spatz,  Arch.  f.  Jdin.  Med.  xxx. ;  Thoma,  Unters.  iib.  d.  GrOsse  u.  d. 
Oewicht  d.  anal.  Bestandtheile  d.  mensch.  Korpers  Leipzig  1882  (witli  full  refer- 
ences and  vefiy  accurate  measurements);  Muller,  Die  MasscnverlidltidaHe  d. 
menschlichen  Tlerzens  Hamburg  1883  (with  elaborate  tables). 

According  to  Benekk  the  volume  of  the  heart  in  new-born  infants  is  20-25 
ccm. ;  when  its  development  is  complete  215-290  ccm.;  in  the  prime  of  life  200- 
810  ccm.    In  cases  of  hypoplasia  the  volume  may  be  reduced  by  a  third  or  more. 


OHAPTEE  YIII. 

ATROPHY  AND  DEGENERATION  OF  THE  HEART. 

373.  Simple  brown  atrophy.  In  patients  who  have  died  of  gen- 
eral marasmus  the  heart  is  often  found  to  be  greatly  reduced  in  size. 
The  investing  fat  is  almost  or  altogether  transformed  into  a  gelatinous  or 
mucoid  substance,  occasionally  stained  with  yellowish  pigment.  The 
superficial  cardiac  vessels  lying  under  the  visceral  pericardium  are  much 
convoluted  from  the  shrinking  of  the  subjacent  structures;  the  cavities 
are  small;  and  the  muscular  walls  are  thinned.  They  are  also  firmer 
than  normal,  and  stained  of  a  brownish  tint.  The  endocardium  is  ap- 
parently thickened,  but  this  is  due  to  its  enforced  adaptation  to  a  smaller 
surface  than  it  originally  covered.  Indeed  in  simple  cases  the  muscle- 
cells  are  the  only  elements  which  are  altered  (Fig.  121).  The  muscle- 
cells  are  abnormally  small,  and  contain  numerous  fine  yel- 
low pigment-granules  lying  chiefly  at  the  poles  of  the  nu- 
clei, but  also  scattered  through  the  protoplasm  of  the  cells. 
These  retain  their  normal  striation.  If  it  were  necessary 
we  might  distinguish  some  cases  as  exhibiting  simple  pig- 
mentary atrophy,  and  others  brown  pigmentary  atrophy, 
according  to  the  amount  of  pigment  present.  Brown  atro- 
phy is  not  infrequently  associated  with  fatty  degeneration 

Fig.  121.  Brown  of  the  heart. 

ATROPHY    OF    THE 

MUSCLES  OF  THE       274.    F&ttj    degeneratioii    and    cloudy   swelling. 

^Teased  prepa-  Fatty  defeneration  is  one  of  the  commonest  affections  of 

ration:  X350.)  J         i^  »      ,        ,  .     . 

the  substance  oi  the  heart  and  not  infrequently  a  cause 
of  death.  It  is  either  uniformly  diffused  over  the  heart- muscle,  or  con- 
centrated at  certain  spots.  In  the  former  case  if  the  affection  is  at  all 
advanced  the  muscular  substance  appears  pale,  yellow,  limp,  and  easily 
torn;  in  the  latter  case  it  is  speckled  or  mottled.  The  mottling  is 
most  beautifully  seen  in  the  papillary  muscles  and  the  trabeculse  of  the 
right  heart;  the  delicate  and  of  ten.  regular  yellowish  streaks  recalling 
the  grain  of  some  fine  cabinet  wood.  Less  intense  degrees  of  fatty 
change  are  indicated  by  simple  yellowish  discoloration;  but  certainty  of 
diagnosis  is  often  only  to  be  attained  by  the  aid  of  the  microscope.  A 
fatty  muscle-cell  is  interspersed  with  minute  colorless  dark-bordered  oil- 
globules,  whose  number  varies  much  according  to  the  degree  of  degene- 
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ration  which  exists.  At  times  they  are  so  numerous  that  both  nucleus 
and  striation  are  overlaid  and  disappear.  But  even  in  such  extreme  cases 
the  globules  do  not  coalesce  into  large  drops. 

Fatty  degeneration  of  the  heart  is  usually  very* grad- 
ual in  its  onset.  It  is  most  commonly  a  result  of  val- 
vular lesions,  pulmonary  emphysema,  or  general  anajmia, 
that  is  to  say  of  disorders  involving  malnutrition  of  the 
heart-substance.  According  to  Eiciihorst  {Die  troph. 
Beziehungen  d.  New.  vagus  z.  Herzmushel  Berlin  1879) 
section  of  the  vagi,  is  followed  by  fatty  degeneration  of 
the  heart.  Acute  fatty  change  is  likewise  observed  in  the 
course  of  infective  and  toxic  affections.  In  such  cases  GE^'ERATioN^'t^^T^HE 
a  stage  of  cloudy  degeneration  (Art.  48)  precedes  the  "uncles  of  the  heaht 
fatty  change,  the  muscular  fibres  assuming  a  peculiar 
grayish-yellow  tint  and  a  dull  fish-like  lustre.  The  muscle-cells  look  as 
if  powdered,  and  contain  fine  albuminous  granules  which  disappear 
when  treated  with  acetic  acid.  In  the  later  stages  fat-globules  appear. 
If  the  fatty  degeneration  of  the  heart  is  extreme  it  may  lead  to  rupture 
of  its  walls,  and  so  to  fatal  hemorrhage. 

275.  Fatty  degeneration  of  the  endocardium  is  to  be  distin- 
guished from  the  like  change  in  the  heart-muscle.  It  appears  in  the 
form  of  circumscribed  patches  of  an  opaque  white  color.  The  connec- 
tive-tissue cells  of  the  intima  (Fig.  123)  are  found  to  be  filled  with  larger 
or  smaller  oil-globules.  These  patches 
are  most  commonly  seen  on  the  valves, 
and  especially  the  mitral  valve.  They 
may  be  quite  small,  or  may  cover  the 
'  greater  part  of  the  valve.  They  usu- 
ally occur  in  aged  persons,  whose  vas- 


^^aa^*- 


cular  system  elsewhere  shows  signs  of 


Fig.  123.  Section  op  fatty  endocardium. 
{From  the  mitral  valve  of  a  child  dead  of 
scurvy;  perosmic  acid  preparation:  X  350.) 


analogous  change.     But  they  may  also 

be  found  in  younger  persons,  and 
1  even  in  children,  especially  such  as  have  died  of  general  marasmus  or 
I  anaemia,  or  from  some  imperfection  of  development  in  the  vascular 
I  system. 

Amyloid  degeneration  likewise  attacks  the  connective  tissues   of 
(the  heart.     A  slight  amount  of  amyloid  change,  only  to  be  made  out  by 

proper  reagents  under  the  microscope,  is  not  uncommon  and  may  occur 

in  any  part  of  the  heart-wall.     Well-marked  change  recognizable  by  the 

naked  eye  is  rare.     When  it  occurs  (Art.  59),  and  extends  to  the  fibrous 
jtissues  of  the -endocardium,  myocardium,  and  pericardium,  these  become 

remarkably  thickened.     The  thickening  may  be  uniform  and  smooth 
'surfaced,  or  it  may  be  irregular  and  nodular;  so  that,  for  example,  the 

surfaces  of  the  valves   may  become  remarkably  rough   and    granular. 

Within  the  heart-wall  the  amyloid  tissue  forms  patches  and  swathes  and 
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bauds,  between  which  the  muscular  tissue  is  apt  to  atrophy.  The  amy- 
loid tissue  is  distinguished  from  the  ordinary  fibrous  tissue  by  its  greater 
translucency  and  firmness.  "Where  the  fibrous  tissue  is  vascular,  the 
amyloid  change  is  particularly  apt  to  attack  the  walls  of  the  vessels. 

276.  Hyaline  and  mucoid  degeneration  of  the  endocardium  is 
very  common.  It  may  almost  be  regarded  as  a  physiological  change  ac- 
companying old  age,  when  the  endocardium,  especially  that  covering  the 
valves,  undergoes  a  certain  amount  of  thickening;  it  merely  implies  an, 
increase  of  connective  tissue.  But  it  not  infrequently  takes  place  in  an 
irregular  manner,  leading  to  the  formation  of  flattened  or  nodular  or 
even  pectiniform  prominences  on  the  surface.  Such  growths  are  chiefly 
found  near  the  free  edges  of  the  valves,  but  they  also  occur  at  their  bases 
and  on  the  tendinous  cords.  The  corpora  Arantii  of  the  aortic  valves 
are  very  apt  to  be  thickened  in  this  way. 

A  certain  amount  of  testural  change  is  usually  associated  with  the 
thickening  of  the  tissues.  The  fibrous  texture  is  gradually  lost  and  the 
tissue  becomes  homogeneous,  while  the  nuclei  dwindle  and  disappear. 
This  homogeneous  or  hyaline  change  with  thickening  somewhat  resem- 
bles amyloid  degeneration;  but  it  may  appear  simultaneously  with  the 
latter,  it  generally  occurs  under  altogether  distinct  conditions,  and  it 
gives  no  reaction  with  iodine. 

The  homogeneous  degeneration  may  ultimately  lead  to  necrosis  of 
the  aifected  tissue,  which  thereupon  becomes  turbid  and  breaks  up  into 
granular  detritus.  Not  infrequently  fat  is  formed  in  the  tissue  before 
necrosis  sets  in;  and  calcareous  salts  may  likewise  be  deposited.  Such 
changes  are  included  under  the  term  atheroma.  The  afEected  spots 
have  first  a  dull  white  look,  but  when  calcareous  deposits  have  been 
made  the  tissue  becomes  hard  and  rigid  and  of  a  brilliant  white  color. 

As  a  sequel  to  homogeneous  degeneration  in  old  age,  or  at  times  inde- 
pendently of  it,  we  may  have  mucoid  degeneration.  The  tissue  assumes 
a  clear  jelly-like  appearance,  readily  distinguishable  from  the  brilliant 
white  of  the  thickened  calcareous  patches.  The  change  occurs  in  spots, 
generally  in  the  neighborhood  of  the  mitral  and  aortic  valves;  the  cor- 
pora Arantii  of  the  latter  are  favorite  sites. 

In  mucoid  degeneration  the  ground  substance  of  the  tissue  becomes 
liquefied,  with  the  formation  of  mucin.  In  extreme  cases  the  ground- 
substance  may  entirely  disappear.  Fatty  and  calcareous  change  is  often 
associated  with  the  mucoid  change. 

Inflammatory  processes  are  very  apt  to  be  set  up  in  connection  with 
the  various  degenerations  described  in  this  Article,  and  with  the  necrosis 
which  they  frequently  induce.  Such  processes  lead  to  infiltration  of 
leucocytes  around  the  foci  of  degeneration;  and  in  this  way  new  fibrous 
tissues  may  occasionally  be  formed. 

277.  Myomalacia  cordis  is  the  name  given  to  a  peculiar  softening 
of  the  muscles  of  the  heart,  consequent  on  arterial  ansemia  (ischemia). 
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The  commonest  cavise  of  such  anaemia  is  disease  (such  as  sclerosis  or 
atheroma)  of  the  nutrient  arteries  of  the  heart,  the  coronary  arteries  and 
their  branches;  more  rarely  it  may  be  due  to  coronary  embolism. 

The  softened  spots  have  different  appearances  according  to  their  age 
and  the  amount  of  blood  they  contain.  When  the  softening  is  recent,  the 
spots  are  i)ale  yellow  and  the  tissue  soft  and  fragile  j  sometimes  the  cut 
surface  of  a  cross-section  sinks  in  so  as  to  become  concave.  If  in  conse- 
quence of  the  occlusion  of  an  artery  there  has  been  an  extravasation  of 
blood  from  the  capillaries,  so  that  an  infarct  is  produced,  the  softened 
patch  becomes  uniformly  dark-red,  or  else  mottled  with  red,  brown,  and 
vellow.  After  a  time  it  turns  grayish -yellow  or  rusty  brown,  and  ulti- 
mately a  translucent  gray.  Such  patches  are  oftenest  found  in  the  wall 
of  the  left  ventricle,  especially  near  the  apex  ;  but  they  also  occur  else- 
where, as  in  the  right  ventricle.  The  papillary  muscles  may  likewise 
undergo  localized  softening  ;  or  the  entire  muscle  may  be  transformed 
into  a  grayish-yellow  or  semi-translucent  mass.  If  the  softening  reach 
the  endocardium  thrombi  (taking  the  form  of  cardiac  polypi)  may  be 
formed  over  the  spot. 

When  the  softening  is  so  extensive  as  to  include  almost  the  entire 
thickness  of  the  heart-wall,  rupture  of  the  heart  will  result,  and  blood 
escapes  into  the  pericardial  sac.  The  rent  is  generally  irregularly  serrated, 
and  is  seldom  large. 

The  tissue-changes  underlying  the  varying  appearances  of  the  softened 
patches  are  partly  retrogressive  and  partly  constructive.     The  original 
j  ischgemia  first  of  all  brings  about  the  destruction  of  numbers  of  muscle- 
cells.    In  the  yellowish  patches  the  muscular  fibres  are  in  various  stages 
I  of  degeneration  and  disintegration.     This  can  be  demonstrated  in  teased 
;  preparations,  in  which  irregular  fragments  of  muscle-cells  and.  masses 
■  of  granular  detritus  are  seen.     G-enerally  some  formation  of  oil-globules 
has  also  taken  place.     Sections  of  the  muscular  wall  show  the  destructive 
[  process  even  better  than  do  the  teased  preparations.     Fig.  124  represents 
I  a  section  through  a  degenerating  muscular  bundle.     In  the  upper  part 
the  muscle-cells    are    still  unritered  and  present  the  ordinary  appear- 
I  ance  («).     In  the  middle  the  cells  {b)  are  beginning  to  break  up  into 
I  fragments,  while  below  (c)  they  are  completely  disintegrated  into  granular 
detritus.     The  destruction  is  often  limited  to  the  muscle-cells,  but  at 
J  titnes  the  connective  tissue  likewise  suffers ;    in  such  cases  the  nuclei 
Ij  cease  to  take  up  color  when  the  section  is  stained  {d),  and  granules  are 
I  deposited  among  the  pale  fibrils  of  the  connective  tissue. 
1       When  hemorrhage  occurs  as  an  accompaniment,  we  may  find  entire 
I  or  fragmentary  blood-cells  mingled  with  the  connective  tissue  and  in 
I  part  replacing  the  disintegrated  muscle-cells  ;    and  in  later  stages  the 
'tissue  will  contain  pigment-granules. 

When  the  destructive  process  has  gone  a  certain  length,  and  death 
Sdoes  not  ensue;  j^rocessesof  repair  are  set  up.    The  detritus  is  re-absorbed 
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and  carried  off,  and  the  gap  filled  up  by  scar-tissue.  Migratory  leucocytes 
pass  out  of  the  vessels,  and  reactive  inflammation  begins.  The  detritus 
is  for  the  most  part  taken  up  by  these  migratory  cells,  in  part  also  taken 
up  by  the  vessels  directly  or  in  solution.  Ultimately  fibrous  tissue  de- 
velops from  the  granulation-tissue  built  up  by  the  leucocytes  and  perhaps 
by  the  multiplication  of  the  fixed  tissue-cells  of  the  surrounding  parts; 
but  the  muscle-cells  are  not  reproduced.  After  a  time  the  affected  area 
is  thus  filled  up  with  fibrous  tissue  containing  a  certain  number  of  cells 
in  its  meshes.  The  muscle-cells  which  survive  lie  embedded  in  the  new- 
formed  tissue;  and  if  haemorrhage  has  occurred  the  tissue  will  also  con- 
tain flakes  and  granules  of  pigment. 

To  the  unaided  eye  the  presence  of  the  scar-tissue  is  manifested  by  its 
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Fig.  124.    MYOMALACIA  CORDIS. 

(Section  through  a  degenerating  muscular  bundle :    double  staining  ivith   hcematoxylin  and 

carmine :    X  300.) 

a,  normal  muscle-cell.  d,  non-nuclear  fibrous  tissue. 

b,  disintegrating  muscle-cell.  e,  normal  nucleus  of  muscle-cell. 

c,  completely  degenerate  muscle-cell  re-  ej,  swollen  nucleus. 

solved  into  granular  detritus. 

grayish  translucent  look  when  recent,  and  its  glistening  white  color  when 
more  mature;  the  scar  moreover  seems  to  ramify  through  the  muscular 
substance.  Such  scars  are  referred  to  as  fibroid  indurations  or  scleroses 
of  the  heart,  and  may  thus  represent  the  last  stage  of  a  localized  soften- 
ing. The  bulk  of  the  scar  is  usually  less  than  that  of  the  muscle  it  re- 
places, so  that  the  heart- wall  is  abnormally  thin  at  the  afl:ected  spot 
(Art.  285). 

Myomalacia  cordis  has  hitherto  received  but  little  attention  as  an  integral  pro- 
cess; it  has  been  treated  under  many  and  various  partial  names.  Clinical  obser- 
vers generally  confound  it  with  myocarditis  or  with  fatty  degeneration;  though 
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it  agrees  in  strictness  with  neither.  The  affection  is  really  anaemic  necrosis. 
Fatty  change  and  inflammation  do  in  fact  at  times  accompany  it,  but  not  as  chief 
or  primary  conditions.  Cardiac  softening  is  altogether  comparable  with  cerebral 
softening,  or  encephalomalacia.  It  is  not  a  rare  affection,  and  when  at  all  exten- 
sive it  brings  about  death  by  failure  or  rupture  of  the  heart.  It  has  been  treated 
of  by  Tautain  {De  quelques  lesions  des  arteres  coronaires  comvie  cause  d'altera- 
tion  du myocarde  These  de  Paris  1878),  and  Lavera.n  {Union  vied.  33,  1878):  com- 
pare also  WiLKS  AND  Moxox,  Path.  Anat.  p.  123  London  1875;  Huber,  Virch. 
Arch.  vol.  80  and  ZiEGLER.  ibid.  vol.  93;  FAoaE,  Trans.  Path.  Sac.  xxv.  (1874); 
Turner,  Trans,  intern,  med.  congress  vol.  i.  London  1881. 

Samltelson  {Zeitschr.  f.  klin.  Med.  ii.),  and  Cohnheim  with  v.  Schulthess 
Rechberg  (Fire/i.  ^rc/i.  vol.  85)  have  recently  investigated  experimentally  the 
j  effect  on  the  heart  of  closing  the  coronary  arteries.  According  to  the  latter 
clamping  the  coronary  artery  in  the  dog  has  no  immediate  effect  on  the  heart's 
action,  but  after  some  30  to  60  seconds  the  aortic  blood -pressure  sinks  suddenly  to 
zero,  and  the  heart  stands  still  in  diastole.  Samuelson  operated  on  the  rabbit 
and  attempted  to  close  and  open  the  coronaiy  artery  alternately;  he  generally 
found  that  the  aortic  blood-pressure  sank  gradually.  As  in  man  the  closure  of 
the  arteries  must  usually  be  gradual  and  at  most  affects  only  certain  branches, 
the  clinical  symptoms  usually  differ  somewhat  from  those  which  the  experiments 
might  suggest.  The  affection  is  manifested  by  gradually  increasing  failure  of  the 
heart's  action,  with  angina  pectoris  and  pulmonary  congestion. 

In  cases  of  myomalacia  we  may  sometimes  see  in  the  neighborhood  of  the 
softened  fibres  muscle-nuclei  which  are  enormously  enlarged,  and  stain  very 
readily.  Ziegler  is  unable  to  say  what  this  may  signify.  In  his  researches  on 
the  subject  he  was  never  able  to  detect  any  sign  of  regeneration  of  muscle,  so 
that  there  seems  no  reason  to  regard  the  appearance  as  evidence  of  any  formative 
process.     It  is  probably  due  to  simple  swelling  or  imbibition. 

Lancereaux,  Iwanowsky,  Putjatin  {Virch.  Arch.  vol.  74),  and  UsKOW  {ibid. 
vol.  91)  have  pointed  out  that  in  various  chronic  affections  of  the  heart  certain 
changes  take  place  in  the  cardiac  ganglia;  the  changes  maybe  degenerative  or 
inflammatory. 


CHAPTER   IX. 

HYPERTROPHY  AND  DILATATION  OF  THE  HEART, 

278.  Enlargement  of  the  heart,  when  not  due  to  the  presence  of  a 
tumor,  is  caused  either  by  the  dilatation,  of  its  cavities,  or  by  the  hyper- 
plasia of  its  walls,  generally  of  their  muscular  tissue  but  occasionally  of 
their  adipose  tissue.  Both  dilatation  and  hypertrophy  may  exist  at  the 
same  time. 

In  simple  dilatation  the  auricular  and  ventricular  cavities  are  en- 
larged, while  the  muscular  walls  are  thinned  by  distention.  The  dilata- 
tion is  often  unilateral,  that  is  to  say  confined  to  the  right  or  to  the  left 
heart. 

Hyperplasia  of  the  cardiac  tissues  is  generally  due  to  true  hypertro- 
phy of  the  nmsciilar  elements,  the  walls  becoming  abnormally  thick. 
It  may  be  confined  to  the  walls  alone,  or  may  extend  to  the  trabeculfe 
and  papillary  muscles;  indeed  the  latter  may  show  the  change  more 
strikingly  than  the  other  parts.  If  no  secondary  degeneration  has  inter- 
vened the  hypertrophied  muscle  appears  firm  and  brownish-red  in  color. 
The  general  texture  is  not  altered,  but  the  muscle-elements  are  larger 
and  more  numerous  than  is  normal.  Higher  degrees  of  hypertrophy  are 
palpable  even  without  section,  the  resistance  and  firmness  of  the  walls 
being  greatly  increased. 

The  size  of  the  cavities  in  hypertrophy  varies  much.  If  dilatation 
coexist  with  hypertrophy,  so  that  the  cavities  are  larger  than  normal,  we 
speak  of  it  as  excentric  hypertrophy ;  if  they  are  smaller  it  is  concen- 
tric hypertrophy  ;  if  they  are  of  normal  size,  it  is  simple  hypertro- 
phy. Very  frequently  the  hypertrophy  is  not  general,  but  confined  to 
one  side  only.  Hypertrophy  with  dilatation  of  the  right  heart  involves 
increase  chiefly  in  the  transverse  dimensions;  hypertrophy  with  dilata- 
tion of  the  left  heart  increases  rather  the  longitudinal  or  apex-to-base 
measurement. 

According  to  Beneke  {Die  anat.  Orundlagen  der  Consfitutions-anomalieen 
Marburg  1878)  the  normal  volume  of  tlie  adult  male  heart  is  260-310  ccm.  for  a 
stature  of  167-175  cm.;  or  150-190  ccm.  for  every  100  cm.  of  height.  The  growth 
of  the  heart  is  most  rapid  at  two  periods  of  life,  namely  during  infancy,  and  at 
the  time  of  puberty;  it  is  much  less  rapid  in  the  interval.  In  cases  of  hypertro- 
phy the  volume  of  the  heart  may  rise  to  500-700  ccm.;  or  300-400  ccm.  for  every 
100  cm.  of  height. 
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279.  Dilatation  of  the  heart  is  in  i:)art  due  to  increased  resistance 
opposed  to  the  heart's  contraction,  and  in  part  to  textural  change  in  its 
walls. 

Hypertrophy  of  the  heart  is  the  result  of  increased  work,  and  is  a 
true  functional  hypertrophy.  It  of  course  implies  not  merely  that 
increased  work  is  called  for,  but  that  the  conditions  as  regards  increased 
nutrition  of  the  cardiac  tissues  are  sufficiently  favorable;  if  the  conditions 
were  unfavorable  the  only  result  of  increased  strain  (that  is  increased 
resistance  to  be  overcome)  would  be  dilatation. 

The  work  required  of  the  heart  may  be  increased  from  various  causes. 
Congenital  narrowness  of  the  aorta  may  induce  hypertrophy  of  the  left 
ventricle  even  in  an  infant,  if  it  is  well  nourished.  Other  congenital 
affections  leading  to  left  hypertrophy  are — affections  of  the  valves  pro- 
ducing incompetency  or  stenosis  of  the  aortic  orifice  (Arts.  281-284)  ; 
affections  of  the  arteries,  such  as  atheroma  or  sclerosis  of  the  iutima  (Art. 
297),  and  aneurysms  (Art.  303),  both  of  which  increase  the  arterial 
resistances;  partial  destruction  of  the  renal  epithelium,  and  disorders  of 
innervation,  by  which  two  latter  causes  the  functional  activity  of  the 
heart  is  increased.  Pericardial  adhesions  may  likewise  induce  compensa- 
tory hypertrophy.  Right  hypertrophy  is  the  result  of  disease  at  the 
mitral  or  pulmonary  valves,  and  of  affections  of  the  lungs  in  which  the 
capillary  area  is  seriously  diminished  or  extensive  pleural  adhesions  are 
formed. 

Hypertrophy  which  follows  as  the  result  of  visible  anatomical  lesions 
of  the  vascular  system,  or  of  the  kidneys,  or  as  the  result  of  increased 
action  due  to  nervous  influences,  is  usually  referred  to  as  symptomatic 
hypertrophy.  An  idiopathic  form  of  hypertrophy  is  also  described, 
which  is  not  referable  to  any  increase  in  the  heart's  work ;  but  this  must 
be  at  least  very  rare.  Even  if  in  many  instances  we  are  unable  to  demon- 
strate anatomically  the  factors  on  which  the  hypertrophy  depends,  we 
cannot  at  once  infer  that  during  life  no  cause  existed  which  involved  an 
increased  demand  on  the  heart.  Within  recent  years  observation  has 
shown  that  long-continued  bodily  exertion  is  particularly  apt  to  cause 
functional  hypertrophy  ;  and  according  to  Tkaube  luxurious  habits  of 
life  may  produce  a  like  result. 

Fatty  enlargement  of  the  heart,  obesity  or  lipomatosis,  is  due 
chiefly  to  the  deposit  of  fat  in  the  subpericardial  connective  tissue.  The 
normal  investment  of  fat  is  abnormally  increased  by  increased  supply 
and  decreased  consumption.  The  connective-tissue  cells  normally  free 
from  fat  are  transformed  here  and  there  into  fat-cells,  so  that  adipose 
tissue  appears  not  only  on  the  surface,  bub  also  in  the  intermuscular 
septa.  In  extreme  lipomatosis  the  endocardium  may  also  contain  adi- 
pose tissue,  and  the  function  of  the  heart  may  be  seriously  interfered 
with. 
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The  fact  that  hypertrophy  of  the  left  ventricle  is  associated  with  certain  acute 
and  chronic  renal  affections  has  been  variously  accounted  for  by  various  authori- 
ties. Some  look  for  the  cause  of  the  hypertrophy  in  a  general  increase  of  the 
volume  of  the  blood  (Traube,  Bamberger),  others  in  some  change  of  its  compo- 
sition (Bright,  Senator,  Ewald),  others  again  in  a  wide-spread  change  (arterio- 
capillary  fibrosis)  in  the  walls  of  the  smaller  arteries  (Gull  and  Sutton).  Buhl 
refers  it  to  "  post-inflammatory  over-nutrition  "  of  the  heart.  The  outcome  of 
recent  research  undoubtedly  is — that  cardiac  hypertrophy  following  upon  renal 
disease  is  dependent  on  increased  arterial  blood-pressure.  Cohnheim  explains  the 
increase  of  pressure  thus:  the  degree  of  tonic  contraction  {i.  e.  the  calibre)  of  the 
renal  arterioles  is  determined  simply  by  the  proportion  of  urinary  matters  con- 
tained in  the  blood  which  circulates  through  them;  the  supply  of  blood  to  a  dis- 
eased kidney  is  as  gi'eat  as  to  a  healthy  one;  if  abnormal  resistances  are  interposed 
beyond  the  renal  arterioles,  in  the  capillaries  or  glomeruli,  for  example,  the  pres- 
sure in  the  renal  arteries  and  so  throughout  the  system  must  rise. 

The  most  likely  view  is — that  the  increase  of  arterial  pressure  is  due  to  in- 
creased resistances  in  the  arterioles  throughout  the  entire  body  When  cardiac 
hypertrophy  is  induced  by  primary  renai  disease  we  must  conclude  that  the 
resistances  to  the  circulation  outside  the  kidneys  have  been  increased  n  conse 
quence  of  the  renal  affection.  The  increased  resistance  is  due  to  a  contraction  of 
the  arterioles,  and  this  is  brought  about  either  by  the  direct  action  of  the  uri- 
nary matters  in  the  circulation,  or  by  reflexes  from  the  kidneys,  or  by  stimula- 
tion of  the  vaso-motor  centre. 

References: — Traube,  Gesamm.  Abhand.  n.,  ni.;  Johnson,  Med.  Chir.  Trans. 
xxxin.  (1850),  LI.  (1868) ;  Gull  and  Sutton,  ibid.  ly.  (1872) ;  Buhl,  Mitth.  path. 
Inst.  zuMunchen,  1878  ;  Bamberger,  (Sa??!??!.  Min  Vortrdge  173  ;  Ewald,  Virch. 
Arch.  vol.  71 ;  Senator,  ibid.  vol.  73  ;  Grawitz  and  Israel,  ibid.  vol.  77  ;  Israel, 
ibid  vol.  86;  Cohnheim  Allg.  Path.  ii. ;  Roy,  Proc.  Camb.  Phil.  Soc.  iv.  (1881); 
Zander,  3£orbus  Brightii  u.  Herzhypertrophie  In.  Diss.  Konigsberg  1881,  and 
Zeitschr.  f.  Min.  Med.  rv.  (with  an  elaborate  discussion  of  the  various  theories); 
Discussion,  Trans,  intern,  med,  congress  vol.  i.  London  1881. 


CHAPTER    X. 

ENDOCARDITIS   AND  MYOCARDITIS. 

280.  Acute  endocarditis  is  au  inflammatory  process  set  up  by  the 
presence  in  the  blood  of  some  irritant  substance.  It  most  commonly 
attacks  the  valves,  but  it  may  occur  at  any  point  of  the  endocardial 
lining.  It  usually  takes  the  form  of  'vegetative'  or  Svarty'  endocardi- 
tis, which  is  characterized  by  the  formation  of  small  knotty  and  warty 
growths  or  vegetations,  translucent  or  grayish  or  yellowish  in  tint,  and 
projecting  from  the  surface  of  the  membrane.  These  are  often  overlaid 
and  concealed  by  white  or  reddish  or  mottled  thrombi. 

The  valvular  vegetations  generally  form  in  rows  along  the  lines  of 
contact  of  the  valves  in  closure;  but  they  may  be  spread  over  the  surface 
of  the  valves,  or  aggregated  in  groups  to  form  large  nodular  or  cauli- 
flower-like excrescences.  When  they  affect  other  parts,  such  as  the  Avail 
of  the  auricle,  the  ventricular  septum,  the  apex,  etc.,  they  are  in  general 
dis|)osed  irregularly,  and  may  be  aggregated  into  nodular  masses  or 
scattered  in  isolated  patches.  If  the  separate  vegetations  are  all  small 
but  numerous  and  closely  set,  they  may  give  the  surface  a  granular  or 
shaggy  or  merely  turbid  appearance;  and  close  examination  may  be 
required  to  make  out  their  individual  existence.  In  the  mildest  forms 
no  prominences  above  the  surface  are  formed,  so  that  the  true  nature  of 
the  patches  is  only  to  be  made  out  with  the  microscope. 

281.  The  vegetations  consist  essentially  of  subendocardial  exudations 
and  infiltrations. 

The  surface  layers  of  the  fully-developed  vegetation  (Fig.  125  c)  are 
made  up  of  granular  (e)  and  fibrinous  masses,  which  are  for  the  most 
part  merely  coagulated  exudations.  Now  and  then  patches  ajapear  which 
are  distinguished  by  their  fine  and  uniform  granulation  (g),  and  by  their 
avidity  for  anilin-stains;  they  are  possibly  colonies  of  micrococci. 

Among  the  granular  masses  certain  peculiar  colorless  flakes  or  proto- 
plasmic lumps  (/)  appear,  which  are  probably  nothing  more  than 
necrosed  and  coagulated  endocardial  cells.  This  is  rendered  more  likely 
by  the  gradual  transition  observable  between  the  persisting  nucleated 
endocardial  tissue  and  the  non-nucleated  lumps.  The  deeper  layers  (d) 
of  the  growth  are  infiltrated  with  small  leucocytes,  the  infiltration 
extending  in  places  to  the  superficial  granular  masses  and  to  the  deeper 
subendocardial  tissues  (J). 
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The  genesis  and  the  significance  of  the  process  are  apparent  from  the 
consideration  of  such  a  yegetation.  We  see  that  it  is  an  exudative 
inflammation,  in  which  the  exudation  permeates  the  tissues  and  in  part 
coagulates.  "Where  coagulation  takes  place  the  tissue  undergoes  necrosis: 
where  there  has  been  only  an  infiltration  of  leucocytes  the  tissue  persists. 

The  inflammatory  process  is  therefore  diphtheritic  in  its  nature  (Art. 
103).  It  is  closely  related  to  superficial  diphtheritic  inflammation  of 
the  mucous  membranes  (Art.  435),  and  to  pustulation  of  the  cutaneous 
surface  (Ai't.  388). 

As  we  have  already  said,  vegetations  are  not  an  invariable  accompani- 
ment of  endocarditis.  The  iuflammatory  change  is  often  recognizable 
only  by  the  existence  of  more  or  less  marked  infiltration  of  the  fibrous 
tissues  of  the  lining  membrane. 


ri 
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Fig.  125. — Section  thbough  a2^  endocarditic  vegetatiok. 
{From  the  auricle  :  hcematoxylin  staining  :  X  150.) 


a,  endocardium. 

b,  subendocardial  fibrous  tis&tie,  partly  infil- 

trated -with  leucocytes. 

c,  the  vegetation. 

d,  infiltrated  leucocytes. 

e,  upper  part  of  the  growth  consisting  of 

fibrous  and  granular  coagula. 


/,  colorless        denucleat«d       protoplasmic 

masses. 
g.  finely  granular  substance  (?  micrococci). 
h,  zone  of  transition  from  the  undestroyed 

infiltrated  tissue  to  the  necrosed  and 

coagulated  tissue. 


The  cause  of  tlie  inflammatory  exudation  is  in  some  cases  at  least  to  be  set 
down  to  the  settlement  of  morbific  organisms  in  the  tissues.  Klebs  {Arch.  f. 
exp.  Path.  IX.)  and  Ebeeth  {Virch.  Arch.  vol.  72)  have  demonstrated  the  pres- 
ence of  microparasites  in  endocarditis.  Whether  the  granular  masses  represented 
in  Fig.  125  g  are  really  micrococci  is  questionable,  for  the  staining  is  not  very 
intense,  Zlegler  met  with  a  case  of  acute  vegetative  endocarditis,  in  which 
metastatic  inflammations  of  the  heart-substance  and  of  the  kidneys  appeared, 
and  in  this  he  found  colonies  of  micrococci  in  the  blood-vessels  of  the  afi'ecti^d 
organs.     Nauwerck  recently  found  numbers  of  similar  colonies  in  a  case  which 
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proved  fatal  after  four  months'  duration.  The  colonies  existed  not  merely  in 
the  thickeiied  vegetations  of  the  valves,  but  also  in  the  still  unaltered  parts  of  the 
endocardium  and  in  the  muscular  wall. 

Endocarditis  most  commonly  occurs  associated  with  rheumatic  affections, 
especially  with  acute  general  rheumatism,  now  regarded  by  some  as  of  micro- 
parasitic  origin.  But  it  is  also  found  in  other  conditions,  as  in  measles  and  scar- 
latina and  in  fatal  cases  of  nephritis,  pneumonia,  typhoid,  septicaemia,  etc. 
Very  commonly,  too,  it  develops  in  patients  who  are  sinking  under  clironic  sup- 
purations, especially  in  the  course  of  ulcerative  cancer,  or  phthisis.  Leyden 
says  it  also  occurs  after  gonorrhoea.  These  facts  point  on  the  one  hand  to  the 
conclusion  that  endocarditis  is  produced  by  bacteria,  and  on  the  other  hand  that 
the  bacteria  are  not  always  of  the  same  form,  perhaps  are  of  different  species. 
In  other  words  the  etiology  of  endocarditis  is  probably  multiform,  not  simple 
(Art.  204). 

282.  The  ultimate  course  of  endocarditis  varies  in  different  cases. 
Tlie  superficial  granular  masses  and  the  investments  of  fibrin  overlying 
the  vegetations  are  incapable  of  organization.  Small  portions  or  patches 
may  be  absorbed,  or  may  become  calcified.  Very  often  the  growth 
softens  and  portions  of  it  are  swept  off  by  the  blood-current;  and  calci- 
fied masses  may  be  swept  off  in  like  manner.  In  either  case  embolism 
is  the  result. 

As  necrosed  masses  are  thus  washed  out  excavations  remain  which 
are  practically  ulcers;  they  may  be  small  or  large.  In  so-called 
ulcerative  endocarditis  the  destruction  of  tissue  goes  deeper  still,  so 
that  a  valve,  for  instance,  may  be  deeply  and  extensively  eroded  by 
ulceration.  In  this  way  the  weakened  and  infiltrated  tissue  which 
remains  may  give  way  under  the  pressure  of  the  blood,  and  a  saccula- 
tion, or  acute  valvular  aneurysm,  may  be  pi'oduced;  or  the  j^rocess  may 
go  further  and  lead  to  perforation,  and  even  to  the  detachment  of  a  con- 
siderable fragment  of  the  valve.  Similar  ulcerations  may  involve  other 
parts,  such  as  the  cliordcB  tendijiem,  whicb  may  in  this  way  be  severed 
from  their  valvular  attachments. 

Ulcerative  endocarditis  is  usually  the  result  of  pyaemic  or  septic 
infection. 

Tlie  vegetative  and  ulcerative  forms  pass  gradually  into  each  other,  so  far  as 
their  anatomical  manifestations  are  concerned.  The  ulcerative  form  has  usually 
been  compared  to  the  diphtheritic  inflammations  of  the  mucous  membrane,  but 
this  is  less  than  the  truth;  the  vegetative  form  is  likewise  a  diphtheritic  inflam- 
mation with  coagulative  necrosis  of  the  solid  tissues.  The  two  forms  seem 
moreover  to  differ  etiologically;  the  pernicious  or  ulcerative  type  being  associ- 
ated with  septic  or  pyeemic  processes,  the  vegetative  with  articular  rheumatism. 
Eberth  (Firc/i.  Arch.  vol.  57  and  Corresp.  f.  sclnveiz.  Aerzte  1872)  was  the  first 
who  demonstrated  the  presence  of  bacteria  in  ulcerative  endocarditis.  Since 
then  the  fact  has  more  than  once  been  verified  (Maier,  Virch.  Arch.  vol.  62;  BUR_ 
KART,  Berl.  klin.  Woch.  1874;  Sansom  Lettsomian  lectures  London  1883). 

Perforation  of  the  valves  as  a  consequence  of  inflammation  is  not  to  be  con- 
founded with  so-called  fenestration,  often  found  as  a  congenital  anomaly  in  the 
sigmoid  valves  above  the  lines    of  contact  in  closure.    This  condition  differs 


410  THE   VASCULA.R   MECHANISM. 

essentially  from  the  other,  not  merely  in  the  difference  of  its  site  but  in  the 
absence  of  inflammatory  infiltration  or  fibrous  thickening  around  the  hiatus. 

283.  Kesults  of  endocardits.  If  an  attack  of  endocarditis  does  not 
prove  fatal  in  its  early  or  acute  stage,  certain  plastic  or  formative  inflam- 
matory processes  are  set  up  at  the  affected  spot,  which  result  in  the 
formation  of  new  tissue  and  the  cicatrization  of  the  defect.  The  tissue 
in  which  the  new  formation  starts  is  that  which  has  not  succumbed  to 
the  severity  of  the  disease;  the  tissue  in  fact  which  is  infiltrated  but  not 
necrosed.  The  raw  material  for  new  tissue  is  present,  and  the  fixed  cells 
of  the  old  tissue  are  intact. 

For  weeks  and  months  after  the  commencement  of  the  disease  the 
thickened  tissues  of  the  inflamed  valves  are  still  notably  infiltrated  with 
young  cells,  and  may  here  and  there  have  the  appearance  of  ordinary 
granulations.  Very  probably  the  migrated  leucocytes,  and  it  may  be  the 
proliferous  fixed  cells,  act  as  the  builders  of  the  new  tissue;  and  their 
activity  is  maintained  by  the  formation  of  new  capillaries. 

These  plastic  processes  lead  to  more  or  less  considerable  thickenings 
of  the  endocardium.  In  the  ventricles  and  auricles  they  appear  as  dense 
opaque  white  patches,  which  may  be  indefinite  or  sharply  circumscribed. 

The  segments  of  the  valves  are  thickened,  hardened,  coherent,  and 
deformed  in  a  multitude  of  ways.  The  tendinous  cords  are  likewise 
thickened  and  shortened,  and  their  ramifications  abnormally  adherent. 

Degenerative  change  frequently  attacks  these  inflammatory  thick- 
enings, and  that  in  any  of  the  forms  mentioned  in  Art.  276.  Fatty 
degeneration,  and  atheroma  with  calcification,  are  the  commonest  forms. 

The  result  of  these  changes  very  often  is  that  the  valves  are  rendered 
functionally  imperfect.  Thickening  and  adhesion  lead  to  narrowing  of 
the  ostia,  or  stenosis;  retraction  or  deformity  of  the  segments  and 
cords  to  imperfect  closure  of  the  ostia,  or  incompetence.  Both  stenosis 
and  incompetence  may  exist  at  the  same  orifice.  It  would  be  impossible 
to  give  in  detail  all  the  varieties  that  occur.  In  mild  cases  the  thicken- 
ing is  slight  and  confined  to  the  free  margin  of  the  valve  and  perhaps 
one  or  two  of  the  cords.  In  severer  cases  the  normal  configuration  of 
the  valvular  apparatus  may  be  entirely  lost.  Thus  the  mitral  opening  is 
often  reduced  to  a  mere  chink  at  the  end  of  a  funnel-like  projection, 
surrounded  by  dense,  firm,  and  all  but  immovable  masses  of  fibrous  tissue. 
If  calcification  ensue  the  parts  round  the  ostium  may  become  perfectly 
rigid  and  immovable. 

We  have  already  alluded  to  the  results  of  valvular  disease  of  this 
kind.  In  general  terms  they  are  these:  the  difficulties  in  the  way  of 
emptying  the  heart  at  each  systole,  whether  from  stenosis  or  regurgita-  ^ 
tion,  are  such  that  the  blood  tends  to  collect  in  the  ventricle  ;  the  vas- 
cular system  behind  the  diseased  valve  is  permanently  over-distended  with 
blood,  and  so  becomes  dilated  ;  and  the  heart  hypertrophies  to  meet  the 
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increased  resistance,  beginning  with  the  part  which  serves  to  drive  blood 
through  the  diseased  valve. 

284.  Myocarditis  not  uncommonly  accompanies  endocarditis,  the 
inflammation  extending  by  continuity  from  the  endocardium  to  the 
subendocardial  and  intermuscular  connective  tissue.  In  other  cases  the 
process  may  begin  in  the  muscular  tissue  itself.  In  either  instance  the 
inflammation  is  characterized  histologically  by  the  appearance  of  an  infil- 
tration of  leucocytes  in  the  tissue  of  the  heart-wall. 

Two  forms  of  myocarditis  are  distinguished,  according  as  the  disease 
results  in  induration  or  in  abscess.  Indurative  myocarditis  leads  to 
hyperplasia  of  the  intermuscular  fibrous  tissue,  and  the  formation  of  ten- 


FiG.  126.   Sclerosis  REsoLTiNa  feom  myocarditis. 
(Section  through  a  fibroid  trabecula :  hoematoxylin  staining :  x  40.) 


a,  en^cardium. 

b,  normal  muscle-cells. 

c,  hyperplastic   connective   tissue    rich    in 

cells. 

d,  atrophied  muscle-cells  amid  hyperplastic 

connective  tissue. 


e,  dense  connective  tissue  with  few  nuclei 
and  no  muscle-cells. 

/,  vein,  surrounded  by  a  few  intact  muscle- 
cells. 

g   small  blood-vessels. 

h,  infiltration  of  leucocytes. 


don-like  scleroses  or  thickenings  (Art.  277),  composed  of  glistening 
wliite  bands  or  patches  of  dense  fibrous  tissue.  As  endocarditis  is  gen- 
erally present  at  the  same  time,  the  endocardium  will  show  similar  ten- 
dinous streaks  and  patches  on  its  surface.  Not  infrequently  some  of 
the  muscular  trabeculee  are  transformed  into  coarse  fibrous  cords. 

The  new  fibrous  tissue  (Fig.  126  e)  when  fully-developed  is  dense 
and  almost  free  from  cells ;  if  the  inflammatory  process  is  kept  up,  it 
may  still  contain  infiltrated  leucocytes  (h)  in  some  spots. 
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The  muscle-cells  have  in  many  places  disappeared  ;  in  other  places, 
especially  near  the  periphery,  they  remain  but  show  evident  signs  of 
atrophy  [d).  When  the  inflammation  is  more  recent,  the  tissue  is 
grayer  or  more  reddish,  and  richer  in  cells  and  in  vessels.  At  first  noth- 
ing is  seen  but  an  infiltration  of  small  cells,  amid  which  the  muscle-cells 
appear  in  various  stages  of  disintegration  ;  and  sometimes  hasmorrhage 
occurs.     The  disintegrated  muscle-cells  are  not  afterwards  replaced. 

The  smaller  scleroses  have  no  serious  effect  on  the  heart's  function; 
but  the  larger  ones  which  involve  a  considerable  extent  of  the  muscular 
substance  may  have  a  very  harmful  effect.  The  new  tissue  is  not  con- 
tractile, and  so  does  not  take  a  share  in  the  general  contraction  of  the 
heart ;  while  if  it  is  at  all  pliable  or  distensible  the  blood-pressure  may 
force  it  to  give  way  and  bulge  into  a  sacculation,  ^^.nd  thus  an  aneurysm 
of  the  heart  is  formed. 

Parulent  myocarditis  usually  accompanies  pyaemic  infections,  and 
is  due  to  bacteria  which  have  reached  the  heart-muscle  through  the 
coronary  arteries.  Small  yellowish  or  grayish  abscesses  are  formed. 
They  may  break  inwardly,  and  lead  to  cardiac  ulcer  ;  or  outwardly  and 
set  up  pericarditis. 

Larger  myocarditic  abscesses  may  lead  to  rupture  of  the  heart. 

As  we  have  said,  the  setiology  of  myocarditis  corresponds  in  general  with  that 
of  endocarditis  ;  but  there  are  certain  irritants  wliich  may  set  up  myocarditis 
though  tliey  do  not  usually  affect  the  endocardium.  Thus  according  to  Leyden 
(Zeifschr.  f.  Min.  Med.  iv.)  the  poison  of  diphtheria  often  causes  myocarditis, 
while  endocarditis  a  rare  complication.  Rosenbach  {Virch.  Arch.  vol.  79)  found 
granular  and  waxy  degeneration  of  the  heart-muscle  in  diphtheria.  Leyden 
moveover  states  that  the  virus  of  small-pox,  of  epidemic  meningitis,  or  of  relaps- 
ing fever,  may  bring  about  myocarditis. 

On  the  myocarditis  and  sclerosis  that  follow  myomalacia  see  Art.  377. 


CHAPTER  XI. 

INFECTIVE  GRANULOMATA,   TUMORS,   AND  PARASITES  OF  THE 
j  HEART. 

285.  Tubercle  is  the  commonest  of  the  granulomata  affecting  the 

I    heart;  syphiloma  is  more  rare.     In  acute  miliary  tuberculosis  the  heart 

I  does  not  escape  the  general  invasion  ;  but  it  is  much  less  common  to  find 
larger  caseous  nodules  in  its  substance.  When  they  do  occur  it  is  almost 
invariably  in  connection  with  like  caseous  nodules  in  the  pericardium. 
Grummata  are  very  rare.     They  lie  in  the  wall  of  the  heart  embedded  in 

i  dense  hyperplastic  fibrous  tissue ;  and  according  to  their  age  appear  as 
soft  reddish  or  grayish  patches,  or  as  dry  yellow  cheesy  nodes.     Simple 

;    inflammatory  indurations  of  the  heart-muscle  occur  as  a  consequence  of 

I  congenital  or  acquired  syphilis,  and  these  are  more  common  than 
gummata. 

Of  the  true  tumors  several  kinds  may  attack  the  heart  primarily, 
such  as  sarcoma,  fibroma,  lipoma,  myxoma,  and  myoma ;  but  they  are 

j    all  of  them  rare. 

'  Secondary  tumors  are  more  frequently  found,  especially  secondary 
carcinomata.  The  tumor-germs,  other  than  those  that  seize  upon  the 
heart  from  the  pericardium,  reach  the  heart-muscle  through  the  circula- 
tion.    The  growths  may  be  seated  in  the  substance  of  the  wall,  or  may 

'  protrude  into  the  cavities,  or  into  the  pericardial  sac.  Occasionally 
tumors  attack  the  heart  by  continuity  from  the  mediastinum,  the  oeso- 
phagus, or  the  stomach. 

The  effect  of  such  tumors  on  the  heart  will  of  course  depend  on  their 

i    seat  and  size.      If  large  they  may  interfere  seriously  with  its  action. 

T  Thrombi  readily  form  on  tumors  which  project  into  the  cavities.  Soft- 
ening and  ulceration  of  new  growths  may  lead  to  rupture  of  the  heart. 

Of  parasites  Cysticercus  and  EcMnococcus  are  found  in  the  heart. 
Echinococcus  (hydatids)  may  lead  to  its  rupture. 

For  references  see  Orth's  Lehrb,  d.  spec.  path.  Anat.  vol.  i.  Berlin,  1883. 


CHAPTER  XII. 

HYPOPLASIA  AND  DEGENERATION  OF  THE  VESSELS. 

286.  A  blood-vessel  consists  essentially  of  an  endothelial  tube ;  but 
all  vessels  above  a  certain  size  have  their  endothelial  walls  strengthened 
by  the  addition  of  connective  tissue,  elastic  tissue,  and  muscle-cells;  and 
all  again  above  a  somewhat  larger  size  have  nutrient  vessels  of  their  own, 
the  so-called  vasa  vaso7'iiin. 

The  diseases  of  the  vessels  are  processes  affecting  the  vessel-walls 
alone,  or  the  vessel-walls  with  the  surrounding  tissue;  or  they  may  form 
merely  a  part  of  some  general  affection  of  the  parenchyma  of  the  organs 
through  which  the  vessels  run.  The  latter  is  especially  the  case  with  the 
smaller  vessels  embedded  in  the  substance  of  the  organs. 

The  malformations  of  the  vessels  which  have  clinical  importance 
have  already  been  referred  to  in  treating  of  the  malformations  of  1?he 
heart.  Here  we  need  refer  again  only  to  the  condition  of  general  under- 
growth or  hypoplasia  of  the  vessels  associated  with  chlorosis,  and  charac- 
terized by  abnormal  narrowness  of  the  channels  and  thinness  of  the  walls, 
especially  of  the  greater  arteries.  The  very  frequent  anomalies  of  posi- 
tion, course,  and  distribution  which  are  met  with  in  arteries  and  veins 
are  treated  of  in  text-books  of  normal  anatomy. 

According  to  Beneke  {Die  anat.  Qrundlagen  d.  Constitutions-anomalieen 
Marburg  1878)  the  circumference  of  the  ascending  aorta  in  a  new-born  infant  is 
20  mm.,  in  an  adult  60  mm.;  the  pulmonary  artery  measuring  23  mm.  and  65 
mm.  in  the  two  cases  respectively.  Above  the  bifurcation  of  the  abdominal  aorta 
the  circumference  in  the  adult  measures  32  mm. 

287.  Simple  atrophy  of  the  walls  of  arteries  and  veins  is  observed 
in  connection  with  general  marasmus  and  atrophy  of  individual  organs. 
After  amputation  of  a  limb  the  vascular  trunks  of  the  stump  usually 
become  smaller.  Instead  however  of  this  simple  and  uncomplicated 
atrophy  we  more  often  find  evidence  of  partial  disappearance  of  some 
constituent  (such  as  the  muscular  fibres)  of  the  vessel-wall,  the  result  of 
inflammatory  or  degenerative  change. 

Fatty  degeneration  of  the  vessels  is  the  most  frequent  of  all  the  de- 
generative changes  to  which  they  are  subject.  It  usually  attacks  the  in- 
ner and  middle  coats,  more  rarely  the  adventitia. 

Fatty  change  of  the  intima  is  most  commonly  exemplified  in  the  aorta, 
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but  it  is  frequent  enough  in  the  larger  arteries,  including  the  pulmonary 
artery. 

The  slightest  degree  of  fatty  change  is  not  apparent  to  the  naked  eye. 
More  marked  degrees  are  characterized  by  the  opaque  whitish  or  yellow- 
ish appearance  of  the  affected  spots,  which  are  usually  somewhat  irregu- 
lar in  outline.  The  surface  is  at  first  smooth,  but  in  latter  stages  it  be- 
comes uneven  or  velvety. 

The  process  begins  with  the  fatty  degeneration  of  the  cells,  which  be- 
come filled  out  with  oil-globules  (Fig.  127  A).  If  the  change  proceeds 
further  the  arrangement  of  the  oil-globules  ceases  to  be  so  definite  as  it 
is  in  the  figure;  they  not  merely  occupy  the  place  of  the  cells  but  also 
accumulate  between  the  fibres  of  the  intercellular  ground-substance.  In 
still  more  advanced  cases  subendothelial  cavities  are  formed  by  softening. 
At  this  stage  leucocytes  generally  appear,  which  have  migrated  from  the 


A 

Fig.  137.    A,  Cells  from  the  intima  of  the  aokta  showing  fatty  deqeneration, 
(Seen  on  the  flat.) 
B,  Fatty  capilijlry  from  the  brain. 

{Perosmic  acid  preparation :   X  3o0.) 

vasa  vasorum,  and  take  up  the  fatty  products  of  disintegration  into  their 
substance;  it  is  in  this  way  that  fat-granule  carrying  cells  arise. 

The  favorite  seats  of  fatty  change  in  the  aorta  are  immediately  above 
the  valves,  and  at  the  places  where  the  large  and  small  arteries  are  given 
off.  The  change  is  most  common  in  anemic  and  in  aged  patients.  In 
the  pulmonary  artery  it  seems  most  favored  by  causes  producing  stagna- 
tion in  the  pulmonary  circulation,  in  consequence  of  which  the  carbonic 
acid  of  the  blood  is  imperfectly  removed  from  it.  Spots  of  fatty  degen- 
eration occur  in  like  manner  in  the  lining  membrane  of  the  veins  when 
the  circulation  through  them  is  chronically  impeded. 

Fatty  degeneration  is  common  in  the  capillaries  (Fig.  137  B),  partly 
as  the  result  of  simple  disorders  of  circulation,  partly  of  changes  in  the 
blood  itself  such  as  are  met  with  in  infective  diseases  and  in  certain 
forms  of  poisoning  (phosphorus  or  arsenic). 

The  tunica  media  may  be  affected  as  well  as  the  intima,  the  fatty 
change  specially  attacking  the  muscle-cells,  which  in  consequence  often 
perish  outright.     The  general  course  of  the  process  is  the  same  as  in  the 
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case  of  the  intiraa;  but  its  effect  on  the  functions  of  the  vessels  is  more 
serious.  *  Thus  degeneration  of  the  middle  coat  may  lead  to  rupture  of 
the  vessel;  while  calcification  follows  readily  upon  fatty  change,  and  the 
vessel  may  thus  lose  its  elasticity  and  contractility,  and  remain  a  mere 
rigid  pipe. 

The  cells  of  the  adventitia  are  found  to  become  fatty  in  connection 
with  like  change  either  in  the  interior  coats,  or  in  the  parenchyma  of  the 
surrounding  organ;  the  change  has  no  special  significance.  Not  infre- 
quently the  fat  found  in  the  meshes  of  the  adventitia  is  not  produced 
there,  but  is  merely  deposited  from  the  lymphatics. 

See  on  this  subject  Virchow  {VircJi.  Arch.  vols.  1  and  3,  and  Oesamm.  Ah- 
liand.  (1856)  p.  493);  Langhans  {Vircli.  Arch.  vol.  36). 

288.  Amyloid  degeneration  of  the  vessels  is  very  frequently  met 

with.  As  was  pointed  out  in  Art.  52  the  vascular  system  is  in  a  special 
way  singled  out  as  the  seat  of  amyloid  deposit.  In  the  larger  vessels  the 
intima  is  most  apt  to  be  affected;  in  the  smaller  vessels  the  media,  and  to 
some  extent  the  adventitia. 

Hyaline  degeneration  (Art.  63)  is  the  term  used  to  describe  certain 
morbid  appearances  in  the  vessel- wall,  which  have  certainly  not  always 
the  same  significance.  In  the  first  place  the  term  is  applied  to  a  peculiar 
transformation  of  the  intima  of  the  larger  vessels,  by  which  it  is  changed 
into  a  homogeneous  connective  tissue  with  few  nuclei;  in  this  atheroma 
often  takes  its  rise  (Art.  299).  A  second  form  of  homogeneous  change 
bearing  the  same  name  affects  chiefiy  the  smallest  arterioles  and  capilla- 
ries; it  is  oftenest  observed  in  the  renal  glomeruli,  in  the  choroid,  and  in 
the  brain.  In  the  case  of  the  capillaries  the  change  is  preceded  by  pro- 
liferation of  the  nuclei  of  the  cells  (Oeller);  then  homogeneous  or 
hyaline  deposits  are  formed  on  the  exterior  of  the  capillary  tube,  which 
are  at  first  scattered  but  presently  aggregate  into  masses  encircling  the 
tube.  Thrombi  are  occasionally  formed  in  the  altered  caj)illaries,  and 
after  a  time  they  too  assume  a  homogeneous  appearance. 

In  the  arterioles  the  change  may  extend  to  all  the  coats  of  the  vessel, 
or  be  limited  to  one  only;  the  change  may  here  as  in  the  capillaries  be 
preceded  by  proliferation  of  nuclei;  and  thrombosis  may  likewise  be  set 

UJ). 

The  genesis  of  the  hyaline  deposit  is  not  always  easily  determined. 
Some  authorities  hold  that  it  depends  mainly  on  the  coagulation  of  ex- 
travasated  red  and  white  blood-cells.  In  other  cases  it  is  due  to  a  homo- 
geneous metaplasia  of  the  connective  tissue. 

Calcification  of  the  vessels  occurs  chiefly  in  cases  where  the  nutri- 
tion of  the  vessel-wall  is  impaired,  and  where  the  tissue  has  already 
undergone  some  antecedent  degenerative  change.  Thus  calcification  in 
the  arteries  is  a  very  common  sequel  of  fatty  change;  and  also  of  sclero- 
sis or  atheroma  (Arts.  297  and  298).     The  calcareous  matter  is  deposited 
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in  the  intima  or  media.  In  the  former  it  is  mainly  the  sclerosed  or 
atheromatous  patches  themselves  which  become  calcified;  so  that  definite 
acd  coherent  calcareous  plates  are  formed,  which  may  be  removed  en- 
entire.  In  the  case  of  the  media  the  process  may  go  so  far  as  to  convert 
the  whole  vessel  into  a  hard  and  rigid  tube;  this  occurs  most  commonly 
in  the  larger  and  middle-sized  arteries  of  the  trunk  and  limbs.  The 
inner  surface  of  such  arteries  has  often  a  ribbed  or  corrugated  appear- 
ance, fine  white  circular  ridges  running  round  the  wall.  If  the  intima 
be  peeled  off  (and  it  is  usually  very  loosely  attached),  it  is  seen  that  the 
ridges  spring  from  the  middle  coat.  The  intima  itself  is  sure  to  be  more 
or  less  atheromatous. 

The  calcareous  salts  are  deposited  in  small  shining  grains  lying  in 
the  muscle-cells  or  in  the  intercellular  tissue.  In  the  middle  coat  of  the 
a-orta  (Fig.  128)  they  lie  irregularly  in  the  spaces  separating  the  elastic 

Hmellae. 

Calcification  of  the  capillaries  is  chiefly  met  with  in  tumors  of  the 
<7f',nivs^[  >^ervous  system. 


Fig.  128.    Calcification  op   the  tunica  media  of  the  aorta. 
{The  deposit  lies  bettoeen  the  elastic  lamellce  :    X  S-W.) 

The  veins  may  also  be  the  seat  of  calcareous  deposits,  but  much  less 
frequently  than  the  arteries.  The  deposits  chiefly  occur  in  dilated  and 
varicose  veins,  and  then  generally  in  the  inner  strata  of  the  middle 
coat. 

Necrosis  of  the  vessel- wall  is  generally  a  result  of  an  inflammation 
set  up  in  the  surrounding  tissue  and  resulting  in  general  necrosis  and 
disintegration.  Diphtheria  and  caseous  tuberculosis  are  of  this  kind; 
and  the  vessels  undergo  changes  analogous  to  the  changes  in  the  other 
tissues  affected.  But  besides  this  acute  necrosis  there  is  a  more  gradual 
'  necrobiosis  '  of  the  vessel-wall  in  which  the  tissue  first  becomes  homo- 
geneous and  then  breaks  up ;  it  mainly  affects  the  intima  (Arts.  297- 
299). 

On  hyaline  degeneration  of  the  vessels  see  Art.  63;  Thoma  (Virch.  Arch.  vol. 
71);  ZiEGLER  {Arch.  f.  hlin.  Med.  xxv.);  Leyden  {Zeitschr.  f.  Min.  Med.  ii.); 
Weigert  (Virch.  Arch.  vol.  79;  Junge  {Arch.  f.  Ophthalm.  v.);  Schweigger 
{ibid.  VI.);  Oellee  {Virch,  Arch.  vol.  86);  Meyer  {Arch,  dephysiol.  vii.). 


CHAPTER  XIII. 

HYPERTROPHY  AND  HYPERPLASIA  OF  THE  VESSELS. 

289.  True  hypertrophy  of  the  arteries,  that  is  to  say  increase  in 
all  the  coats  of  the  walls  without  loss  of  structure,  is  seen  in  a  marked 
form  in  the  vessels  which  carry  on  collateral  circulation  after  the  occlu- 
sion of  a  larger  artery.  The  increase  is  most  remarkable  when  it  depends 
on  the  occlusion  of  one  of  the  large  arterial  trunks.  The  collateral  ves- 
sels increase  in  length  as  well  as  in  width  and  thus  become  convoluted, 
while  the  increase  in  the  thickness  of  the  wall  is  even  greater  in  propor- 
tion. Local  hypertrophy  may  likewise  follow  upon  increase  of  blootl- 
pressure,  such  as  occurs  in  front  of  a  contracted  portion  of  the  vessel.  If 
the  pressure  of  the  blood  be  generally  increased  throughout  the  system, 
as  it  is  in  chronic  Bright's  disease,  the  smaller  arteries  may  become  uni- 
versally hypertrophied. 

The  so-called  anastomotic  or  racemose  aneurysm  (Art-  151)  is  mainly 
due  to  dilatation,  convolution,  and  hypertrophy  of  arteries  and  capil- 
laries. And  in  hypertrophy  of  the  organs,  as  in  ordinary  development 
or  in  new-formations,  the  arteries  tend  to  become  more  or  less  hyper- 
trophied. 

Veins  and  capillaries  may  hypertrophy  like  arteries,  especially  under 
the  conditions  just  mentioned,  which  are  associated  with  increased  blood- 
supply. 

Hypertrophy  implies  increase  in  the  elements  of  the  vessel- walls,  but 
not  in  the  number  of  the  vessels;  the  latter  is  hyperplasia,  and  is  an 
extremely  common  occurrence.  In  the  General  Pathological  Anatomy 
we  pointed  out  that  the  development  of  new-formations  of  any  size  in- 
volved of  necessity  the  formation  of  new  vessels;  and  in  Art.  86  we  de- 
scribed the  mode  in  which  this  takes  place.  At  first  capillaries  only 
appear;  but  by  the  multiplication  of  the  elements  of  the  walls  and  their 
progressive  differentiation  arteries  and  veins  are  ultimately  elaborated. 


CHAPTER  XIY. 

INFLAMMATIONS  OF  THE  VESSELS. 

290.  We  have  already  had  occasion  to  allude  to  two  varieties  of  in- 
flammatory change  affecting  the  walls  of  the  vessels.  From  one  point  of 
view,  we  have  spoken  of  an  alteration  in  the  vessel-wall  as  an  essential 
factor  in  all  inflammatory  processes,  this  alteration  being  the  condition 
antecedent  to  the  quantitative  and  qualitative  changes  in  the  current  of 
transudation  from  the  smaller  vessels  into  the  tissues.  The  increased 
permeability  of  the  vessel-wall  permits  the  escape  from  the  capillaries 
and  veins,  not  only  of  liquid,  but  of  large  numbers  of  white  and  occasion- 
ally red  blood-cells  (Art.  96).  The  second  form  of  inflammatory  change 
dealt  with  was  that  concerned  in  the  organization  of  thrombi  (Art.  355). 
Here  the  vessel- wall  became  inflamed  in  consequence  of  the  irritating 
presence  of  a  foreign  body,  the  thrombus  itself;  and  the  inflammation 
resulted  in  the  development  of  granulation-tissue  and  a  cicatrix  within 
the  vein  or  artery.  In  view  of  the  ultimate  result  of  the  inflammation, 
we  might  describe  it  as  a  plastic  obliterating  endarteritis  or  endophle- 
bitis. 

But  in  addition  to  these  two  kinds  of  inflammatory  vascular  change 
we  have  a  series  of  others  which  have  their  seat  in  the  substance  of  the 
vessel- wall  and  lead  to  temporary  or  permanent  changes  extending  to  a 
part  or  the  whole  of  its  thickness.  Arteritis  and  phlebitis  are  used  to 
describe  these  parenchymatous  inflammations  of  the  vessel-wall.  They 
may  arise  as  primarily  vascular  affections  and  be  confined  to  the  proper 
tissues  of  the  vessels;  or  the  surrounding  tissues  may  be  likewise  in- 
volved; or  the  vascular  affection  may  be  secondary  to  an  existing  inflam- 
mation of  the  surrounding  tissues.  The  latter  occurs  in  the  case  of  minute 
vessels  embedded  in  the  tissues,  and  is  to  be  clearly  made  out  only  by  the 
aid  of  the  microscope. 

291.  Purulent  arteritis,  issuing  in  suppuration  and  destruction  of 
the  wall  of  the  artery,  is  generally  a  secondary  process  occurring  within 
suppurating  wounds  and  ulcers.  Inflammation  and  necrosis  extend  by 
continuity  from  the  surrounding  tissues  to  the  vessel,  destroying  first  the 
adventitia  and  then  the  other  coats.  The  wall  appears  thickened  and 
yellowish  or  grayish  in  color;  the  intima  is  turbid,  yellowish  or  grayish, 
and  infiltrated  with  pus.  Often  the  brittle  or  rotten  vessel  gives  way, 
and  haemorrhage  follows.     Secondary  hsemorrhage  in  wounds,  heemopty- 
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sis  from  phthisical  lungs,  haemorrhage  from  cancerous  ulcerations,  etc... 
are  all  of  this  nature;  and  in  the  same  way  fatal  bleeding  may  occur  from 
suppurative  inflammation  of  the  umbilical  cord  in  infants.  At  times,  as 
in  tuberculosis,  the  necrotic  process  takes  on  a  caseous  character.  Sup- 
puration in  wounds  is  chiefly  conditioned  by  the  invasion  of  micrococci. 
Sometimes  purulent  arteritis  with  necrosis  is  due  to  the  entrance  of 
irritant  matters  into  the  blood,  as  happens  in  embolism  where  the  emboli 
are  virulent  or  infective  (Art.  116).  When  the  destructive  proces 
spreads  from  the  vessel  to  the  neighboring  tissue,  abscesses  are  formed. 


ft' 
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Fig.  118. — Section  op  the  aokta  in  acote  aortitis. 
{Carmine  staining  :  X  45.) 


a,  iutima  thickened  by  previous  inflamma- 
tion. 
h,  media  "with  infiltrated  leucocytes  dj. 

c,  adventitia    with   infiltrated    leuco- 

cytes da- 

d,  infiltrated  leucocytes. 


c,  g^ranular  fibrin  lying  on  the  intima. 

fij,  the  same  within  the  intima. 

/,  blood-vessel  within  the  hyperplastic  in- 
tima. 

g,  small  artery  contracted  by  sclerosis  of  its 
walls. 


The  pus-corpuscles  which  in  these  processes  accumulate  in  the  sub- 
stance of  the  vessel-wall  are  in  part  derived  from  the  vasa  vasorum,  in 
part  from  the  surrounding  vessels. 
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Purulent  phlebitis  occurs  under  the  same  conditions  as  purulent 
arteritis.  The  walls  of  the  veins  are  thickened  and  discolored,  and  the 
intima  is  turbid.  The  lumen  very  frequently  contains  fresh  or  softened 
and  puriform  thrombi.  The  purulent  inflammation  of  the  vessel  may  be 
preceded  or  followed  by  coagulation  of  its  contents.  The  relation  of  the 
two  processes  is  often  as  follows:  incipient  inflammatory  change  in  the 
vessel- wall  gives  the  condition  for  thrombosis;  a  thrombus  forms  and  is 
invaded  by  micrococci;  it  then  breaks  down  into  a  puriform  irritant  mass, 
which  in  its  turn  intensifies  the  inflammatory  change  in  the  vessel- wall 
to  the  pitch  of  suppuration  and  necrosis.  Examples  of  the  process 
(known  as  thrombophlebitis)  are  frequently  met  with,  as  in  the  radicles 
of  the  portal  vein,  near  ulcerated  patches  in  the  intestine,  such  as  occur 
in  dysentery  and  in  the  veins  of  suppurating  wounds.  If  the  softened 
and  infected  thrombi  pass  into  the  general  circulation,  we  have  pysemia 
and  metastatic  abscesses  as  the  result. 

392.  Hyperplastic  arteritis,  in  its  early  stages,  is  best  studied  in 
cases  of  what  is  called  acute  aortitis,  an  affection  which  however  is 
rarely  seen  exemplified  in  the  post-mortem  room.  It  is  rapidly  fatal  only 
when  it  is  very  extensive;  minor  cases  usually  recover. 

The  changes  it  produces  are  exactly  similar  to  those  described  under 
endocarditis  and  myocarditis. 

The  inner  lining  of  the  affected  vessel  looks  turbid  and  somewhat 
loosened,  or  gray  translucent  granulations  rise  from  its  surface,  or  larger 
irregular  vegetations  resembling  closely  those  seen  in  the  endocardium. 
Thin  films  of  fibrin  often  lie  ever  the  inflamed  patches. 

The  middle  coat  and  the  adventitia,  but  especially  the  latter,  show 
patches  of  gray  or  grayish-red  ;  but  it  rarely  happens  that  their  extent  is 
large  enough  to  allow  them  to  be  readily  recognized  by  the  eye  alone. 

When  the  more  seriously  affected  parts  are  examined  microscopically, 
it  is  seen  that  all  the  coats  of  the  artery  are  attacked  ;  the  characters  of 
the  change  being  the  extreme  distention  or  congestion  of  the  vasa  vaso- 
rum,  and  the  presence  of  cellular,  coagulated,  and  granular  masses  of 
exudation  (Fig.  129  d  d^  d^  e  e^.  Sometimes  the  adventitia  (c)  shows 
the  most  striking  changes,  being  greatly  thickened  in  consequence  of 
abundant  cellular  infiltration  and  of  nodular  clusters  of  cells  {d^  sur- 
rounding the  vasa  vasorum.  The  infiltrations  in  the  media  are  also 
clustered  around  the  vasa  vasorum  {d^,  and  often  reach  considerable 
size. 

The  intima  contains  accumulations  of  leucocytes  {d)  in  the  meshes  of 
its  connective  tissue,  in  addition  to  granular  fibrinous  coagula  {e  e^  which 
lie  either  within  (ej  the  distended  meshes  or  on  the  surface  (e). 

The  cellular  infiltration  in  aortitis  is  derived  from  the  vasa  vasorum,  as  is 
evidenced  by  the  clustering  of  the  cells  around  these  vessels.     Where  the  cells 
are  more  remote  from  the  vessels,  as  in  some  parts  of  the  intima,  we  conclude 
that  they  have  migrated. 
.5 
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293.  If  tlie  j^atient  does  not  die  during  the  early  stages  of  the  disease, 
the  process  of  repair  begins  and  new  fibrous  tissue  and  capillaries  are  de- 
Yeloped  at  the  affected  spots.  When  the  exudation  has  been  slight  it 
may  be  entirely  re-absorbed ;  but  if  the  inflammation  is  kept  up  fibro- 
blasts are  developed,  and  from  them  new  fibrous  tissue.  Whether  the 
fixed  tissue-cells  or  the  white  blood-cells  take  the  chief  share  in  building 
up  the  new-formed  tissue  is  hard  to  determine. 

Three  forms  of  arterial  inflammation  are  distinguished  according  to 
the  coats  chiefly  affected,  namely  endarteritis,  mesarteritis,  and  peri- 
arteritis ;  but  the  forms  very  frequently  occur  in  combination. 

If  endarteritis  becomes  chronic,  and  new  fibrous  tissue  is  formed  in 
the  intima,  broad  slightly  raised  plaques  are  produced,  which  often  ap- 
pear in  large  numbers  and  of  great  size  in  the  larger  arterial  trunks,  and 
especially  in  the  aorta.  As  Fig.  139  («)  shows,  they  consist  of  dense 
fibrous  tissue  resembling  scar-tissue  ;  the  normal  structure  of  the  intima 
is  usually  lost.  New  vessels  are  nearly  always  formed  (Fig.  129/).  In 
other  cases  the  new  tissue  is  looser,  more  resembling  areolar  or  mucoid 
tissue.  Such  hyperplasias  of  the  intima  are  called  scleroses  (Arts.  297- 
298)  ;  they  occur  both  in  large  and  in  small  vessels,  and  in  the  latter  may 
produce  considerable  contraction  of  their  calibre.  The  process  has  there- 
fore been  also  described  as  obliterating  endarteritis.  Once  it  has 
begun  it  is  ajot  to  recur,  increasing  the  size  of  the  old  patches  and  start- 
ing new  ones  ;  it  is  thus  progressive  in  its  character. 

Mesarteritis  is  generally  an  accompaniment  of  endarteritis.  Fibrous 
deposits  appear  in  the  middle  coat,  while  the  normal  elements  and  espe- 
cially the  muscular  fibres  perish  by  degrees.  The  changes  in  the  middle 
coat  seldom  reach  the  same  pitch  as  those  in  the  intima  ;  but  here  and 
there  the  normal  tissue  may  be  entirely  displaced  by  new  scar-tissue. 

Periarteritis  leads  to  fibrous  thickening  and  condensation  of  the 
adventitia.  In  vessels  which  lie  freely  in  the  tissues  the  thickenings  are 
diffuse  or  aggregrated  into  coarse  bands  or  nodes.  The  latter  variety  has 
been  described  by  Kussmatjl  and  Maier  a.?,  periarteritis  nodosa. 

Hyperplastic  plilebitis  corresponds  to  hyperplastic  arteritis,  and 
like  it  is  an  inflammation  leading  to  fibrous  hyperplasia.  The  forms 
endophlebitis,  mesophlebitis,  and  periphlebitis  are  distinguishable.  It  is 
rarer  than  arteritis  as  a  simple  or  primarily  vascular  disorder.  The 
thickenings  formed  in  the  intima  of  the  veins  are  by  no  means  so  remark- 
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able  as  those  of  the  arteries.  Fibrous  hyperplasia  of  the  walls  of  the 
veins  most  frequently  results  from,  venous  thrombosis,  or  from  chronic 
parenchymatous  inflammations  of  the  surrounding  tissues  which  have 
spread  to  the  veins. 

KUSSMAUL  and  Maier  (Deutsch.  Arch.  f.  klin.  Med.  i.)  met  with  a  case  in  which 
the  arteries  of  the  most  diverse  organs  were  beset  with  nodes  and  nodules  from 
the  size  of  a  pea  to  that  of  a  millet-seed.  The  nodules  were  partly  cellular  and 
partly  fibrous  ;  they  were  seated  chiefly  in  the  adventltia,  but  some  of  them  were 
in  the  media.     Meyer  describes  a  like  case  {Virch.  Arch.  vol.  74). 

294.  The  astiology  of  the  hyperplastic  inflammations  of  the  ves- 
sel-wall is  not  always  the  same.     It  is  to  be  remembered  that  the  inflam- 

,  matory  processes  which  lead  to  fibrous  hyperplasia  in  any  organ  may  all 
of  them  affect  the  included  vessels,  and  may  thus  lead  to  thickening  of  the 
Tessel- walls.  Often  the  adventitia  is  the  coat  most  affected,  but  the 
other  coats  do  not  by  any  means  always  escape.  These  forms  of  arteritis 
and  phlebitis  are  obviously  due  to  the  same  causes  as  those  which  lead  to 
the  corresponding  organic  affections. 

Even  the  inflammations  which  are  limited  to  the  vessels  themselves 
are  not  always  due  to  the  same  kind  of  irritant  or  injury.  The  case 
resembles  that  of  endocarditis,  an  affection  which  as  we  have  seen  may 
spring  from  more  than  one  source.  In  the  first  place,  the  irritants  or 
injuries  which  produce  endocarditis  may  also  produce  endarteritis  ;  the 
evidence  of  this  being  that  in  many  cases  both  affections  occur  simulta- 
neously. But  it  would  seem  that  there  are  more  varieties  of  injury  ca- 
pable of  producing  arteritis  than  of  producing  endocarditis ;  or  at  least 
that  vascular  inflammations  occur  under  conditions  where  it  is  unusual 
to  find  endocarditis.  Of  the  causes  which  may  set  up  chronic  vascular 
inflammations  the  chief  are  syphilis  and  tuberculosis. 

295.  Syphilitic  arteritis  was  first  closely  studied  by  Heubker,  who 
showed  that  it  is  of  frequent  occurrence.  It  is  found  in  two  chief  forms, 
that  is  to  say  either  as  an  independent  disorder,  or  as  part  of  a  local 
syphilitic  affection.  In  the  former  the  affected  vessel  shows  white  or 
grayish  thickening  of  the  intima  and  of  the  adventitia.  The  vessel,  such 
as  a  cerebral  artery,  may  thus  be  beset  with  circumscribed  grayish  trans- 
lucent patches,  or  be  transformed  into  a  coarse  white  or  grayish  cord. 
This  form  is  not  to  be  distinguished,  either  with  the  eye  or  the  micro- 
scope, from  arterial  thickening  due  to  non-syphilitic  fibrous  hyperplasia. 
The  second  form  of  syphilitic  arteritis  occurs  in  the  midst  of  foci  of 
syphilitic  disease  affecting  the  tissues  generally;  the  vessels  are  surrounded 
either  with  diffuse  cellular  infiltrations  (the  so-called  gummatous  granu- 
lations), or  with  dense  cicatricial  tissue  (Arts.  128-130).  In  such  cases 
the  coats  of  the  vessel  are  more  or  less  altered  and  thickened  (Fig.  130). 

The  intima  {a)  and  the  adventitia  {d)  are  usually  more  thickened 
than  the  media  (c).  While  the  process  is  still  recent,  not  having  yet 
passed  the  stage  of  granulation,  the  thickening  of  the  intima  is  partly 
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due  to  an  abundant  development  of  fibrocellular  tissue  (e).  The  cells 
are  in  part  small  and  round,  in  part  fusiform  or  stellate  (/ )  correspond- 
ing to  certain  forms  of  fibroblasts.  The  adventitia  is  similarly  altered. 
The  media  is  usually  but  little  beset  with  migratory  cells. 

In  more  advanced  cases  where  fibroid  change  has  succeeded  active  in- 
flammation, the  thickened  coats  of  the  vessels  are  more  fibrous  and  less 
rich  in  cells.  The  middle  coat  is  either  little  altered,  or  here  and  there 
atrophied  and  fibrous.  There  is  nothing  specific  in  the  histological  char- 
acter of  the  process  ;  all  we  can  say  is  that  in  the  ordinary  non-syphilitic 
inflammations  of  small  arteries  it  is  unusual  to  have  so  abundant  an 
infiltration  of  cells  as  in  syphilitic  inflammations,  and  that  the  adven- 
titia especially  is  not  so  subject  to  marked  alteration. 

The  thickening  of  the  vessel- wall  in  syphilis  is  often  very  consider- 
able ;  it  may  indeed  become  so  extreme  that  the  lumen  of  the  affected 
artery  may  be  almost  or  entirely  occluded. 


A-#) 


Fig.  130.    Syphilitic  -iiiTERiTis. 
{Carmine  staining  :    X  150.) 

a,  greatly  thickened  intima,  the  thickening  due  to  fibrocellular  tissue  (e)  and  new-formed 

cells  (/). 

b,  fenestrated  elastic  membrane,  broken  through  on  the  left  side. 

c,  muscle-fibres  of  the  media,  beset  on  the  left  with  large  and  small  leucocytes. 

d,  adventitia  thickened  by  fibrous  hyperplasia  and  cell-infiltration. 

e,  fibro-cellular  tissue  of  the  intima. 

f,  new-formed  cellular  tissue  with  infiltrated  leucocytes. 

The  walls  of  the  veins  are  likewise  subject  to  gummatous  syphilitic 
inflammations. 

The  diagnosis  of  syphilitic  arteritis  rests  in  general  more  on  the  naked-eye 
appearances  than  on  the  minute  histological  characters.  The  specific  nature  of 
the  affection  will  be  determined  mainly  by  the  presence  of  other  localized  syphi- 
litic affections,  especially  of  a  gummatous  kind.  If  these  last  are  not  found,  we 
must  not  pronounce  the  disease  to  be  syphilitic  unless  we  can  find  sure  signs  of 
it  elsewhere,  or  unless  we  have  excluded  all  other  possible  causes  for  the  vascular 
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changes.  There  are  no  certain  histological  criteria  for  deciding  on  the  presence 
of  syphilis  (Heubner,  Die  luetische  Erkrankung  der  Gehirnarterien  Leipzig  1874; 
Ziemsseti's  Cyclop,  xii.).  Even  the  abundance  of  cells  found  in  the  adventitia  is 
not  pathognomonic,  for  in  the  cerebral  vessels  especially  tuberculosis  may  give 
rise  to  exactly  similar  appearances.  See  Bristowe  (Trans.  Path.  Soc.  1859) ; 
HUGHLiNGS  Jackson  (London  Hosp.  Reports  1868) ;  Baumgarten  (Virch.  Arch. 
vol.  73,  76,  86,  the  last  contains  a  number  of  references) ;  von  Langenbeck 
Arch.f.  Min.  Chir.  xxvi.)  ;  Friedlander  (Cen^. /.  d.  med.  Wiss.  1876);  Ehrlich 
{Zeitschr.  f.  Min.  Med.  I.);  Huber  (Virch.  Arch.  vol.  79);  Birch-Hirschfeld 
(Arch.  d.  Heillc.  xvi.j ;  Lancereaux  (Oaz.  d.  Hop.  21,  1876) ;  Greenfield,  Gow- 
EES,  and  others  (Trans.  Path.  Soc.  1877-78). 

296.  Tuberculous  inflammation  of  the  vessel-walls  is  very  com- 
mon, inasmiTcli  asgarteries  and  veins  running  through  tuberculous  organs 
are  readily  invaded  by  the  disease.  Tubercles  and  more  diffuse  tubercu- 
lous patches  may  appear  in  their  walls  ;  and  if  the  granulomatous  focus 
becomes  caseous,  the  vessels  undergo  the  same  transformation.  If  the 
diseased  vessel  be  an  artery  it  often  ruptures  and  gives  rise  to  hsemor- 
rliage  ;  if  it  be  a  vein  the  disintegration  of  the  wall  may  admit  products 
of  disintegration  and  bacilli  into  the  blood-current.  The  result  is  an 
eruption  of  tubercles  at  the  spot  whither  the  bacilli  are  carried  by  the 
blood. 

Fibrous  hyperplasia  may  also  be  set  up  as  a  consequence  of  tubercu- 
lous inflammation.  Most  commonly  it  is  the  adventitia  which  becomes 
thickened,  though  at  times  a  like  thickening  is  met  with  in  the  intima. 
It  may  become  so  considerable  that  the  vessel  is  almost  or  quite  occluded. 
The  same  result  may  follow  when  thrombosis  is  set  up  in  a  vessel  whose 
wall  is  beset  with  tuberculous  granulations. 

References : — Rindfleisch,  Ziemssen^s  Cyclop,  v.  ;  Martin,  Reeherehes  anat.- 
path.  Paris  1879 ;  Cornil,  Journ.  deTanat.  xvi.;  Kiener,  Arch,  de  physiol.  vii.  ; 
MtJGGE,  Virch,  Arch.  vol.  76  ;  Arnold,  ibid.  vol.  88 ;   Weiqert,  ibid.  vols. 

77,  88. 
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SCLEROSIS  AND  ATHEROMA. 

297.  Sclerosis  in  an  artery  implies  the  existence  of  local  thicker 
ings  of  its  inner  coat.  They  appear  as  slight  broadened  prominence.' 
rising  above  the  level  of  the  normal  intima  as  definite  flat  or  conve 
plaques  or  patches.  The  margins  may  be  steep  or  sloping,  the  surfac 
is  smooth.  The  patches  may  be  translucent  or  almost  gelatinous,  c 
cartilaginous,  or  wlute  and  densely  fibrous. 

These  patches  appear  in  arteries  of  all  sizes — from  the  aorta  ju! 
above  its  valves  to  the  smallest  arteriole.    They  are  often  few  in  number 
but  in  other  cases  they  are  extraordinarily  numerous,  cases  occurring  i 
which  the  intima  of  the  aorta  is  so  beset  that  there  scarcely  remains 
healthy  spot  on  its  surface. 

If  the  sclerosis  is  at  all  marked  there  are  always  found,  in  additio 
to  the  grayish  or  cartilaginous  patches,  other  plaques  of  an  opaque  whil 
or  yellowish-white  color.  These  may  be  smooth  or  rough  ;  and  not  ii 
frequently  the  tissue  has  disintegrated  and  fallen  away  from  them,  lea\ 
ing  so-called  ulcers  with  white  detritus  lying  on  their  floors  ;  or  tlij 
rough  and  ulcerated  spots  may  be  covered  with  thrombi.  The  white  ci 
yellowish  plaques  are  known  as  atheromatous  patches,  and  the  erode 
spots  as  atheromatous  ulcers,  the  process  as  a  whole  being  describe 
as  atheroma  of  the  arteries.     It  is  thus  a  sequel  of  sclerosis. 

Very  often  a  third  change  is  associated  with  these,  namely  the  ca'j 
ciflcation  of  the  affected  spots.  When  this  occurs  the  white  atheromj' 
tons  patches  become  hard  and  rigid  to  the  feel,  giving  one  the  impre; 
sion  of  a  plate  of  bone  lying  beneath  the  superficial  layer. 

In  the  veins  these  changes  are  much  less  common,  and  in  genen 
much  less  marked  ;  but  they  do  sometimes  occur.  Calcification  is  oftene 
met  with  than  simple  atheroma. 

References  :— Wilks  and  MoxoN,  PatJi.  anaf.  London  1875;  Meyer,  Arch.  < 
physiol.  VII.;  Neumann,  Arch.  f.  mikrosk.  Anat.  xviii, 

298.  Sections  show  well  the  seat  and  characters  of  sclerotic  am 
atheromatous  change  (Fig.  131).  The  intima  (a)  is  generally  the  mo 
affected,  while  the  media  (c)  is  often  unaltered,  and  the  adventitia  {h 
only  slightly  infiltrated.  In  other  cases  the  adventitia  may  be  somewhi! 
thickened  and  the  media  atrophied.  The  change  in  the  intima  consis 
of  more  or  less  extensive  but  generally  unilateral  thickening.     At  tli 
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lints  ■wliere  the  altered  passes  into  the  unaltered  tissue  the  thickening 
J  made  up  of  fibrous  tissue  (g)  more  or  less  notably  infiltrated  with 
;.icocytes.  The  same  is  true  of  the  innermost  layers  of  the  altered 
itima;  but  the  deeper  layers  in  contact  with  the  elastic  bounding  mem- 
lane  consist  of  pale  indistinctly  fibrillated  tissue  (e),  which  is  devoid  of 
Mclei  and  almost  entirely  necrosed;  they  contain  numerous  aggregations 
(i  granular  detritus  (/).  The  granular  masses  consist  partly  of  albu- 
kn,  partly  of  fat,  and  older  foci  of  softening  nearly  always  contain  tab- 
les of  cholesterin  (/J.  Atheroma  thus  appears  to  be  essentially  a 
Ti'Crosis  with  granular  and  fatty  disintegration  of  the  thickened  intima. 
I  The  atheromatous  ulcer  is  produced  by  the  advance  of  the  disintc- 
'iating  process  towards  the  lumen  of  the  vessel,  and  rupture  of  the 
;;nermost  layers  of  the  intima.     We  may  conceive  how  readily  such  a 


Fig.  131.    Atheromatous  cerebral  artery  (X  50). 

•  a,  intima  considerably  thickened.  /,,  detritus  with  eliolesterin-tablets. 

6,  bounding  elastic  lamella  of  intima.  (7,  infiltrated  leucocytes  in  the  intima. 

I c," media.  h,  infiltrated  leucocytes  in  the  ad ventitla. 

id,  adventitia. 

e,  necrosed  denucleated  tissue  with  masses 
of  fatty  detritus  /  and 

ipture  might  occur,  if  we  note  that  on  the  post-mortem  table  very 
ight  pressure  on  an  atheromatous  patch  often  suffices  to  break  in  the 
ii'face  layer  and  convert  the  patch  into  a  cavity. 

i  399.  As  regards  the  genesis  of  sclerosis  and  atheroma  we  must 
jmember  (Art.  292-393)  that  thickening  of  the  intima  may  be  the 
suit  of  a  process  beginning  with  inflammatory  infiltration,  and  leading 
'  the  formation  of  new  fibrous  tissue.  We  may  therefore  say  that 
lerosis  and  atheroma  of  the  arteries  are  in  many  cases  the  result  of  a 
ironic  endarteritis,  which  began  as  an  acute  affection. 
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But  this  is  not  always  so;  or  at  least  we  have  not  always  evidence 
enough  to  justify  the  hyjoothesis.  Especially  is  this  the  case  with  tht 
gradually  developed  forms  found  in  advanced  age.  The  affection  h 
either  limited  to  the  aorta  or  to  the  arteries  of  one  or  other  organ,  or  i- 
is  more  or  less  diffused  over  the  entire  arterial  system.  This  senik 
atheroma  does  not  begin  in  inflammation,  but  either  in  degeneration  o: 
metaplasia. 

ViRCHOW  has  shown  that  in  many  instances  the  first  step  is  a  kind  oi 
gelatinous  degeneration  of  the  intima,  leading  to  swelling  and  loosenini 
of  its  texture.     Then  ensues  proliferation  of  the  tissue-elements  of  tli^ 
intima,  which  may  produce  new  fibrous  tissue  and  bring  about  a  thicken 
ing  of  the  inner  coat.     But  in  extreme  old  age  it  is  commoner  to  fini 
the  intima  undergoing  a  kind  of  homogeneous  or  hyaline  change,  whicl 
is  associated  with  a  permanent  thickening  of  its  substance.     Here  anc 
there  the  thickening  may  become  considerable  (Art.  288),  and  lead  t 
the  formation  of  raised  plaques   and  patches.     Retrogressive   change 
follow  close  on  these  metaplastic  processes,  and  inflammation  at  lengti 
appears.     The  retrogressive  changes  are  fatty  degeneration,  necrosis,  an 
disintegration  of  the  altered  tissue.     As  we  have  already  said,  such  retrc 
gressive  changes  may  themselves  be  the  starting-point  of  the  affectioc 
"When  once  the  process  of  degeneration,  proliferation,  and  inflammatio 
is  started,  it  generally  spreads  more  and  more  widely. 

We  are  not  as  yet  able  to  define  more  closely  the  precise  limits  of  the  pn 
cesses  leading  to  atheroma,  namely  primary  inflammation,  primary  metaplasi; 
and  primary  degeneration.  In  many  cases  we  can  only  form  hypotheses  as  1 
the  mode  in  which  atheroma  has  arisen. 

The  process  leading  to  sclerosis  and  atheroma  in  the  aged  is  often  alluded  1 
as  arteritis  deformans,  or  malum  senile  arteriarum.  It  has  been  compared  wit 
the  affections  known  as  arthritis  deformans  and  malum  senile  coxce  (Virchov 
Virch  Arch.  vol.  4,  and  Gesamm.  Abhandl.  (1856)  p.  496);  and  the  processes  ha-\ 
indeed  much  that  is  apparently  analogous. 

Langhans  (Virch.  Arch.  vol.  36)  and  Koster  (Virch.  Jahresb.  1875)  asse 
that  a  certain  amount  of  thickening  of  the  intima  is  so  common  in  old  age,  thi 
it  may  be  regarded  as  physiological.  Giovanni  (Arch.  ital.  de  biol.  i.)  maintaii 
that  disorders  of  the  innervation  of  the  vessels  may  lead  to  atheroma;  compa: 
Lewaschew  (Virch.  Arch.  vol.  92).  Israel  (Virch.  Arch.  vol.  86)  observe 
endarteritis  in  rabbits,  in  which  he  had  experimentally  caused  one  kidney  to  b 
come  contracted. 

300.  Sclerosis  and  atheroma  often  give  rise  to  serious  disturban( 
of  the  circulation  and  with  it  of  the  nutrition  of  the  parts  supplied  I 
the  affected  vessels.  Apart  from  the  resistances  to  the  blood  introduce 
by  the  deformation  of  the  inner  surfaces  of  the  blood-channels  and  tl 
loss  of  elasticity  of  their  walls,  there  is  occasionally  a  considerable  nai 
rowing  of  the  calibre  (Fig.  131),  and  this  may  become  so  great  that  tl 
artery  is  at  length  completely  occluded  (as  in  obliterating  endarteritis 
As  the  various  prominences  encroaching  upon  the  lumen  meet  and  co 
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losoo  the  vessel  may  ultimately  be  transformed  into  a  solid  cord.  If  col- 
lateral circulation  is  not  sj)eedily  set  U]),  the  blood-8a2)ply  of  the  part  is 
cut  off,  and  antemic  necrosis  ensues.  This  is  a  very  common  occurrence 
in  the  brain.  It  may  take  i)lace  not  only  in  small  arteries  but  even  in 
ithe  largest  trunks,  especially  at  the  points  where  branches  are  given  olT. 
iThus,  for  example,  the  subclavians  and  carotids  may  be  occluded  by 
thickening  of  the  intima  at  their  points  of  origin  from  the  aorta. 
I  A  second  result  is  thrombosis.  It  is  produced  by  the  change  in  the 
Ivessel-wall  on  one  hand,  and  by  the  slowing  of  the  blood-stream  on  the 
lother.  Minor  vessels  which  are  already  narrowed  may  be  completely 
iblocked  up  by  intercurrent  thrombosis.  In  the  aorta  parietal  thrombi 
lire  common.  If  they  are  loosened  and  swept  off  they  cause  embolism; 
and  the  same  result  follows  Avlicn  particles  are  carried  away  from  athero- 
I  matous  ulcers.  Atheroma  of  the  arteries  may  likewise  lead  to  morbid 
'dilatation  (Art.  301)  of  the  vessel,  or  even  to  rupture.  Both  results  are 
jdue  to  the  textural  changes,  and  the  diminished  power  of  resisting  the 
j  blood-pressure  which  the  changes  involve. 


CHAPTER  XYL 

CHANGES  IN   THE  CALIBRE  OF  THE  VESSELS. 

301.  A  true  aneurysm  is  a  localized  dilatation  of  an  artery  involv- 
ing all  three  of  its  coats.  When  the  dilatation  has  persisted  for  a  time 
one  or  other  of  the  coats  may  atrophy;  the  media  being  the  first  to  dis- 
appear, while  the  intima  often  follows.  In  this  way  the  wall  of  the  an- 
eurysm may  ultimately  in  places  consist  of  the  adventitia  alone. 

When  the  dilatation  extends  over  a  considerable  section  of  the  artery, 
when  for  instance  the  entire  thoracic  aorta  is  uniformly  dilated  while  re- 
taining its  cylindrical  form,  we  have  a  diifus©  or  cylindrical  aneurysm; 
a  spindle-shaj)ed  dilatation  constitutes  a  fusiform  aneurysm;  a  localized 
unilateral  bulging  is  a  sacculated  aneurysm;  while  an  artery  with  some 
of  its  branches  which  is  dilated  and  convoluted,  and  it  may  be  in  parts 
sacculated,  is  described  as  a  cirsoid  aneurysm  (or  less  aptly  an  aneuirys- 
mal  varix,  which  term  has  properly  another  signification,  Art.  311). 

The  forms  just  mentioned  may  of  course  be  combined  in  various  ways, 
so  that  intermediate  and  transitional  varieties  are  common.  In  the  case 
of  sacculated  aneurysms  the  diameter  of  the  opening  into  the  sac  is  often 
less-  than  that  of  the  sac  itself. 

The  racemose  or  anastomotic  aneurysm  (otherwise  described  as  an 
arterial  vascular  tumor)  is  a  distinct  variety.  Here,  as  has  been  men- 
tioned in  Arts.  151  and  289,  we  have  to  do  with  a  general  dilatation  of  a 
multitude  of  arterial  twigs  and  capillaries  accompanied  by  hypertrophy 
of  their  walls. 

Abnormal  width  of  the  arteries  generally,  apart  from  localized  or 
aneurysmal  change,  may  occur  as  a  congenital  or  at  least  developmental 
anomaly. 

302.  The  development  of  an  aneurysm  is  in  general  to  be  referred 
to  some  pre-existent  disease  of  the  arterial  coats.  Sacculations  are  es- 
pecially apt  to  occur  when  the  intima  and  media  are  simultaneously  af- 
fected by  active  disease  or  degeneration.  Sclerosis  and  atheroma  are  the 
commonest  causes,  especially  when  the  media  also  undergoes  degenera- 
tion. In  other  cases  affections  of  the  adventitia  may  lead  to  aneurysm, 
when  they  are  such  as  extend  also  to  the  media  and  set  up  inflammation 
or  muscular  degeneration  there.  All  these  affections  diminish  the  elas- 
ticity and  strength  of  the  arterial  wall,  so  that  it  stretches  and  gives  way 
before  the  pressure  of  the  blood.     In  accordance  with  the  common  mode 
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of  genesis,  we  find  the  intima  in  most  aneurysms  higlily  atheromatous; 
the  muscular  elements  of  the  middle  coat  are  fatty  and  disintegrated  or 
lost  altogether;  and  the  elastic  fibres  show  signs  of  granular  change. 
The  media  or  intima  or  both  may  here  and  there  be  wanting  entirelv; 
■while  the  adventitia  is  usually  thickened  and  infiltrated  with  inflamma- 
tory exudations. 

A  form  of  aneurysm  whose  genesis  is  different  has  been  described  by 
PoNFiCK  (  Virch.  Arch.  vol.  58)  under  the  title  of  the  embolic  aneu- 
rism. Fragments  of  calcified  endocarditic  vegetations  lodge  as  embolisms 
in  the  wall  of  an  artery,  it  may  he  in  the  brain  for  example  ;  theie  they 
bore  or  work  their  way  into  the  tissue  of  the  wall,  until  at  length  it  gives 
way  and  a  sacculation  is  formed.  Another  special  form  is  the  so-called 
hernial  aneurism,  produced  by  the  hernial  protrusion  of  the  inner  coats 
through  a  weak  or  eroded  place  in  the  outer  coat  or  sheath. 

Charcot  {Senile  and  chronic  diseases  (New  Syd.  See.)  1881)  thinks  that  aneu- 
rysms start  in  degenei'ation  not  of  the  intima  but  of  the  adventitia,  the  inflamma- 
tory thickening  of  which  induces  atrophy  of  the  muscular  coat.  Ziegler's 
observations  lead  him  to  believe  that  this  mode  of  development  (from  periarteri- 
tis followed  by  muscular  atrophy  in  the  media;  does  occur;  but  in  the  arteries  of 
the  brain,  on  which  Charcot  specially  bases  his  conclusions,  the  process  generally 
starts  with  the  intima.  The  accumulations  of  infiltrated  cells  seen  in  the  adven- 
titia in  such  cases  are  secondary  (Virchow,  Virch.  Arch.  vol.  3  ;  Charcot  and 
Bouchard,  Arch,  de  physiol.  1868 ;  Liouvtlle,  Anevrysmes  miliaires  These  de 
Paris,  1871 ;  Roth,  Corresp.  f.  schweiz.  Aerzte,  1874  ;  Krafft,  Die  Entstehung 
der  wahren  Aneurysmen  In.  Diss.  Berne  1877). 

For  references  to  aneurysm  depending  on  embolism  see  Church  {St.  Barth. 
Eosp.  Reports  1870),  Goodhart  and  others  {Trans.  Path.  Soc.  1877). 

303.  Seats  of  aneurysm.  Aneurysms  most  commonly  occur  in  the 
thoracic  aorta  ;  they  may  be  diffuse,  fusiform,  or  sacculated.  Their  fa- 
vorite seat  is  the  ascending  and  transverse  parts  of  the  arch.  They  often 
reach  an  astonishing  size,  and  press  against  the  sternum  and  costal  car- 
tilages, or  against  the  lungs  and  the  spinal  column,  according  to  their 
position.  Soft  or  yielding  parts  are  pushed  aside  or  compressed,  rigid 
parts  like  the  bones  of  the  sternum  or  spine  are  eroded  or  absorbed.  The 
costal  cartilages  and  intervertebral  discs  resist  the  pressure  better,  so  that 
while  the  vertebral  bodies  are  often  deeply  excavated  the  discs  persist 
almost  unchanged.  The  tissue  immediately  surrounding  an  aneurysm  is 
in  some  parts  infiltrated  with  inflammatory  products,  in  others  thickened 
and  fibroid.  It  is  the  inflammation  set  up  around  the  aneurysm  which 
leads  to  the  absorption  of  the  bone  it  presses  upon. 

The  abdominal  aorta  is  likewise  a  common  seat  of  aneurysms,  which 
may  reach  a  very  considerable  size. 

The  popliteal  artery  is  the  vessel  most  subject  to  aneurysm  after  the 
aorta;  and  then  follow  the  other  trunks,  namely  the  carotid,  subclavian, 
innominate,  axillary,  iliac,  splenic,  hepatic,  renal,  hypogastric,  etc.  The 
sacs  formed  in  these  arteries  are  very  seldom  of  anything  approaching  the 
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size  of  aortic  aneurysms.  True  cirsoid  aneurysms  affect  chiefly  the  com- 
mon iliac  and  its  branches,  anastomotic  aneurysms  chiefly  the  vessels  of 
the  head.  Somewhat  indefinite  dilatations  are  occasionally  met  with  in 
the  trunk  of  the  pulmonary  artery,  but  they  are  scarcely  to  be  described 
as  aneurysmal;  in  rare  cases  the  valvular  sinuses  are  more  or  less  abnor- 
mally bulged.     Large  aneurysms  of  the  pulmonary  artery  are  very  rare. 

Aneurysms  of  the  smaller  arteries  of  the  brain  are  of  considerable 
importance.  Aneurysmal  sacculations  of  the  arteries  of  the  base  may 
reach  the  size  of  a  pea  or  of  a  bean.  In  the  smaller  arteries  they  are 
naturally  smaller,  and  often  cannot  be  made  out  with  a  lens  (miliary 
aneurysms  of  Charcot).  General  or  diffuse  dilatation  is  met  with 
chiefly  in  the  basilar  artery. 

The  small  aneurysms  met  with  in  the  twigs  of  the  pulmonary  artery 
in  phthisis  have  a  special  interest.  They  are  formed  in  consequence  of 
inflammatory  destruction  of  the  vessel- wall  starting  in  the  adventitia,  and 
belong  in  part  to  the  class  of  hernial  aneurysms. 

304.  Consequences  of  aneurysm.  An  artery  which  has  once 
become  aneurysmally  dilated  never  returns  to  its  normal  state ;  the 
dilatation  rather  tends  steadily  to  increase.  The  walls  at  the  same 
time  become  thinner,  inasmuch  as  the  inflammation  set  up  is  unable- 
to  furnish  any  efficient  substitute  for  the  loss  of  healthy  tissue.  The 
consequence  is  that  the  sac  ultimately  gives  way  at  some  point  or  other, 
and,  especially  in  the  case  of  aortic  aneurysms,  fatal  haemorrhage 
ensnes.  Dangerous  haemorrhage  may  follow  the  rupture  of  arteries  that 
are  by  no  means  large,  notably  those  of  the  brain  ;  fatal  cerebral  hsemor- 
rhage  or  apoplexy  is  a  very  common  occurrence.  So  too  the  rupture 
of  minute  aneurysms  in  the  lungs  often  leads  to  fatal  haemoptysis  in 
phthisis. 

It  is  only  in  comparatively  small  arteries  that  the  aneurysm  is  com- 
pletely obliterated  by  the  filling  up  of  the  sac  with  cicatricial  tissue ; 
probably  the  formation  of  such  tissue  is  always  preceded  by  the  deposit 
of  thrombi  in  the  sac.  The  thrombi  are  then  replaced  by  fibrous  tissue 
in  the  manner  described  in  Arts.  255  and  256.  In  large  aneurysms  we 
frequently  find  massive  firm  laminated  decolorized  or  mottled  thrombi 
more  or  less  completely  occupying  the  cavity.  At  various  points  we  may 
find  evidence  of  partial  proliferation  of  the  elements  of  the  inner  coat  in 
contact  with  the  thrombi,  leading  to  the  development  of  fibrous  tissue ; 
but  the  thrombi  never  undergo  complete  organization. 

These  somewhat  incoherent  thrombi  form  but  an  imperfect  defence 
against  the  danger  of  rupture,  as  the  blood  may  work  its  way  between 
the  thrombus  and  the  vessel-wall  ;  while  the  thrombi  themselves  may 
undergo  softening,  disintegration,  or  even  liquefaction  :  occasionally 
calcareous  salts  are  deposited  and  they  become  calcified. 

Charcot  asserts  {Senile  and  chronic  diseases  1881)  that  cerebral  hsemorrhagf 
always  depends  on  the  rupture  of  an  aneurysm  more  or  less  minute.     Eichlei 
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(Deutsch.  Arch.  f.  Min.  Med.  xxii.),  Zenker  {Naturforscherversamm.  1872),  and 
Roth  {Corresp.  f,  schweiz.  Aerzte  1874)  admit  that  aneurysms  are  very  generally 
found  in  such  cases.  But  they  are  occasionally  absent,  and  the  truth  probably  is 
that  they  are  a  frequent  but  not  an  invariable  cause  of  apoplectic  liaemorrhage. 
See  Quincke  (Ziemssen's  Cyclopcedia  vi.);  Lancereaux  {Traite  de  Path,  ii.). 

305,  Dilatation  of  the  capillaries  is  usually  referred  to  as  capillary 
ectasis  when  it  is  general  ;  more  localized  dilatations  are  called  capillary 
aneurysms.  Ectasis  chiefly  occurs  as  a  result  of  chronic  disorders  of  the 
circulation  which  lead  to  over-distention  of  the  capillaries  with  blood;  in 
other  words  as  a  result  of  long-standing  congestion  or  engorgement.  The 
pulmonary  capillaries  and  the  intralobular  hepatic  vessels  in  mitral  dis- 
ease afford  good  examples.  The  condition  often  affects  the  capillaries 
over  a  wide  area. 


Fig.  132.    Dilated  or  ectatic  capillaries. 
{From  an  angioma  or  telangiectatic  glioma  of  the  brain  :  X  200.) 

Capillary  dilatations  limited  to  particular  spots  are  usually  due  to 
causes  a  different  kind.  Some  are  congenital,  as  in  so-called  vascular 
ngevi.  These  have  already  been  treated  under  the  head  of  angiomata  in 
Art.  149. 

Fig.  13:2  gives  an  idea  of  their  general  disposition.  Congenital  dila- 
tations of  the  capillaries  are  most  usually  met  with  in  the  skin  ;  but  they 
may  occur  elsewhere,  as  for  instance  in  the  brain  (cerebral  nsevus). 

Acquired  capillary  ectases  generally  arise  in  consequence  of  some 
morbid  change  in  the  tissue  in  which  they  lie ;  they  are  common  in  parts 
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that  have  undergone  atrophy  or  shrinkage.  It  almost  appears  as  if  the 
capillaries  were  striving  to  fill  np  the  space  left  unoccupied  by  the  reced- 
ing tissue  (compare  Art.  150  on  the  formation  of  cavernous  angiomatain 
the  liver).  Similar  ectases  are  found  in  new- formed  tissue,  whether  in- 
flammatory or  neoplastic.  In  these  cases  it  is  generally  the  new-formed 
vessels  which  appear  dilated.  They  have  either  been  over-large  from  the 
beginning,  or  have  been  dilated  by  some  not  easily  recognizable  cause 
after  their  first  formation. 

The  capillary  ectases  occasionally  met  with  in  the  brain  Virchow  believes 
(Virch.  Arch.  vol.  30,  with  cases)  to  be  in  part  congenital,  and  so  to  be  properly 
classed  with  the  nsevi ;  Roth  is  of  the  same  opinion.  If  this  be  so  the  specimeil 
figured  in  Fig.  132  from  a  telangiectatic  glioma  might  exemplify  a  congenital  con- 
dition of  the  vessels,  existing  therefore  before  the  development  of  the  substance 
of  the  glioma  ;  but  of  course  the  point  cannot  be  finally  decided  (Heschl,  Wienei 
mecl.  Woch.  1868). 

The  dilatation  of  the  capillaries  in  atrophic  or  shrunken  tissues  and  in  new- 
formations  is  probably  dependent  on  several  factors.  It  is  of  course  a  necessary 
condition  that  the  capil'aries  shall  always  be  full  of  blood  ;  so  that  the  shrinkage 
or  atrophy  must  go  on  in  such  a  way  as  not  to  exert  pressure  on  the  capillaries 
and  so  to  empty  them. 

306.  Dilatations  of  the  veins  are  described  as  phlebectases  or  varices. 

They  are  very  common,  and  occur  chiefly  as  a  consequence  of  mechanical 
hindrances  to  the  emptying  of  the  veins.  Thus  they  are  met  with  iu 
connection  with  local  or  general  engorgement,  compression  of  the  veins, 
venous  thrombosis,  imperfect  action  of  the  heart,  etc.  Their  formation 
is  favored  by  unhealthy  conditions  of  the  vessel-walls  or  their  surround- 
ings. 

In  accordance  with  their  mode  of  genesis  we  find  them  occurring 
chiefly  in  places  where  the  venous  circulation  is  normally  placed  at  a  dis- 
advantage, especially  therefore  in  the  lower  half  of  the  body.  Theii 
development  may  constantly  be  watched  during  life  in  connection  witL 
the  veins  of  the  legs  and  anus. 

The  cutaneous  veins  are  either  dilated  uniformly  and  over  a  considerable 
extent,  or  bulged  into  fusiform  or  irregular  sacculations.  They  are  often 
at  the  same  time  elongated  and  convoluted,  the  bends  of  the  convolutions 
being  saccular.  If  two  such  sacculations  are  in  contact,  the  vessel-wall? 
may  became  adherent  at  the  point,  and  the  intervening  tissue  gradually 
disappearing  by  absorption,  a  new  opening  may  be  established  between 
the  two.  Cavernous  sinuses  are  thus  formed,  especially  in  the  anal  re- 
gion :  they  form  livid  saccular  tumors  on  the  hasmorrhoidal  veins  sur- 
rounding the  anus,  and  are  referred  to  as  haemorrhoids  or  piles. 

Varices  affecting  the  internal  organs  are  most  frequently  met  with  in 
those  of  the  pelvis.  Yaricocele  is  a  dilated  and  tortuous  condition  ol 
the  veins  of  the  spermatic  cord,  occurring  more  frequently  on  the  lefi 
side  than  on  the  right. 

Varices  are  often  not  without  danger  to  the  patient,  especially  if  fhey 
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exist  in  regions  exposed  to  mechanical  injury.  Haemorrhoids  are  often 
subject  to  rupture  and  haemorrhage,  as  well  as  to  inflammation  (peri- 
phlebitis). Such  inflammation  may  lead  to  fibrous  hyperplasia  or  to 
abscess  :  the  latter  when  bacteria  settle  in  the  inflamed  tissues.  Varicose 
patches  of  skin  are  especially  apt  to  become  inflamed  on  slight  occasion, 
and  in  this  way  troublesome  and  indolent  ulcers  are  produced.  These 
are  known  as  yaricose  ulcers. 

Thrombi  often  form  in  dilated  veins,  and  when  they  become  calcified 
constitute  the  so-called  vein-stones  or  phleboliths.  In  other  cases  the 
thrombi  disintegrate  and  give  rise  to  embolism.  At  times  the  thrombus 
becomes  organized ;  the  vein  is  filled  up  with  fibrous  tissue,  and  trans- 
formed into  an  impervious  cord. 

307.  The  processes  by  which  arteries  and  veins  may  become  narrowed 
or  obliterated  have  already  been  more  than  once  referred  to  under  oblit- 
erating arteritis  and  the  organization  of  thrombi.  These  play  the  chief 
part  in  the  occlusion  of  the  larger  vessels,  by  setting  up  thickening  of 
their  walls  or  development  of  new  tissue  in  their  interior  ;  in  the  smaller 
vessels  they  may  lead  to  the  conversion  of  the  patent  channel  into  an 
impervious  fibrous  cord. 

Vessels  are  thus  occluded  by  changes  in  their  walls  or  in  their  con- 
tents ;  but  they  may  likewise  become  narrowed  or  obliterated  by  com- 
pression from  without,  or  by  morbid  processes  affecting  the  tissues  in 
which  they  lie.  The  veins  are  especially  liable  to  such  accidents:  by  the 
formation  and  contraction  of  cicatricial  tissue  around  them  large  veins, 
even  the  vena  cava,  may  be  completely  obliterated. 

See  Eppinger  [Die  narbige  Obliteration  der  Vena  cava  inferior,  Prag.  med. 
Woch.  1876). 


CHAPTER    XVII. 

RUPTURE  OF  THE  COATS  OF  THE   VESSELS. 

308.  Aneurysms  and  varices  may  burst  (Arts.  304  and  306),  and  this 
is  the  commonest  cause  of  spontaneous  hsemorrhage.  But  rupture  may 
also  occur  in  undilated  vessels,  when  inflammatory  and  degenerative 
changes  have  reduced  the  natural  resisting  power  of  their  walls.  Lastly, 
various  forms  of  injury  may  bring  about  the  rupture  of  healthy  vessels. 
Simple  increase  of  blood-pressure  does  not  lead  to  rupture  in  vessels  that 
are  really  healthy. 

When  an  artery  gives  way  the  ensuing  haemorrhage  is  great ;  it  con- 
tinues until  the  pressure  of  the  blood  accumulating  in  the  tissues  is  as 
great  as  that  within  the  bleeding  vessel.  The  mass  of  gore  and  infiltrated 
tissue  produced  when  the  extravasated  blood  coagulates  is  called  an 
arterial  hasmatonia. 

The  rent  in  the  vessel  is  closed  by  an  aggregation  of  cohering  white 
blood-cells,  which  solidifies  into  a  colorless  button-shaped  plug  projecting 
inwards  and  outwards  from  the  plane  of  the  rent  (Schultz).  The  plug 
within  the  vessel  is  after  a  time  partly  absorbed,  and  bulged  outwards 
by  the  pressure  of  the  blood.  A  sac  is  thus  formed  the  interior  of  which 
communicates  with  the  lumen  of  the  vessel,  while  the  exterior  wall  is 
mainly  formed  by  colorless  fibrin  and  the  clots  resulting  from  the  primary 
haemorrhage.  Such  a  sac  is  called  a  false  or  spurious  aneurysm;  and 
is  distinguished  from  a  true  aneurysm  by  the  fact  that  the  coats  of  the 
vessel  form  no  part  of  its  wall.  If  plastic  inflammation  is  set  up  owing 
to  the  presence  of  the  clots,  an  external  sac-wall  of  granulation-tissue 
may  be  formed,  and  this  may  develop  into  cicatricial  tissue.  The 
fibrinous  sac  of  the  false  aneurysm  may  give  way  again  and  lead  to  fresh 
haemorrhage.  In  other  cases  the  rent  in  the  vessel  is  effectively  closed  by 
the  transformation  of  the  fibrinous  plug  itself  into  fibrous  tissue.  Ac- 
cording to  Schultz  this  transformation  is  due  to  the  white  blood-cells 
which  lodge  in  the  cavity  of  the  sac,  and  assume  the  functions  of  forma- 
tive cells.  White  blood-cells  likewise  lodge  in  the  meshes  of  the  fibrin- 
ous sac-wall,  and  develop  into  large  and  active  formative  cells;  these 
presently  get  the  upper  hand  as  it  were,  and  the  fibrin  gradually  disap- 
pears. Fibrous  tissue  is  developed,  and  new  vessels  are  formed  in  it, 
connected  partly  with  the  lumen  of  the  old  vessel  and  partly  with  the 


RUPTUKK    OF    THE    COATS    OF   THE    VESSFXS.  4:37 

vessels  of  the  neighboring  parts.     The  wall  of  tlie  vessel  itself  takes  no 
active  part  in  the  process;  while  the  clots  lying  around  it  are  absorbed. 

Wounds  of  veins  heal  in  the  same  way  as  those  of  arteries;  it  is  rare  for 
a  sac  or  false  varix  of  any  size  to  be  formed. 

See  Klebs  {Beitrdge  z.  Anatomic  d.  Schussimmden  1872);  Czerny  (Fm-c/i.  Arch. 
vol.  62);  ScHULTZ  {Deutsch.  Zeitsch.  f.  Chir.  ix  );  Ppitzer  {Virch.  Arch.  vol.  77); 
Holmes  {Syst.  of  Surgery  iii.  London  1883);  Bar  well  {Intern,  encyc.  of  Surg. 
ui.  London  1883j. 

309.  Sometimes,  in  consequence  of  disease  or  injury  of  one  or  other 
of  the  arterial  coats,  the  inner  and  middle  coat  give  way,  while  the  ad- 
vent! tia  resists  the  stress  of  the  blood  pressure.  The  result  is  that  the 
blood  does  not  at  once  escape  out  of  the  vessel,  but  strips  the  middle  coat 
away  from  the  adventitia.  A  blood-tumor  is  thus  formed  which  is  called 
a  dissecting  aneurysm.  This  variety  of  false  aneurysm  is  chiefly  met 
with  in  the  ascending  aorta,  and  in  the  smaller  arteries  of  the  brain.  In. 
the  latter  case,  spindle-shaped  dilatations  are  produced,  whichare  bounded 
externally  by  the  adventitia  while  the  tube  formed  by  the  intima  and  media 
runs  through  the  axis.  In  the  case  of  the  aorta,  the  adventitia  is  generally 
stripped  loose  over  a  considerable  extent.  The  stress  of  the  blood  may 
indeed  separate  the  adventitia  from  the  other  coats  throughout  the 
entire  length  of  the  aorta,  and  up  the  larger  trunks,  the  dissection  being 
only  limited  by  the  vessels  passing  into  tissues  which  bind  them  down  with 
some  firmness.  The  mass  of  blood  thus  intruded  between  adventitia 
and  media  may  be  of  quite  remarkable  thickness. 

See  Peacock  {Path,  of  the  heart  and  arteries  Edinburgh  1849);  Friedlander 
(Vii'ch.  Arch.  vol.  78);  Fagge  {Med.  chir.  Trans.  1869,  with  cases). 

310.  The  varicose  aneurysm  deserves  special  mention.  It  is  occa- 
sionally produced  by  the  adhesion  of  a  true  aneurysm  to  a  vein,  the  ad- 
hering tissues  of  the  walls  becoming  gradually  absorbed,  so  that  a  free 
communication  is  at  length  formed  between  artery  and  vein.  In  other 
instances,  a  false  aneurysm  may  become  connected  with  a  vein,  as  when 
in  artery  and  vein  are  simultaneously  wounded  by  the  same  puncture. 
A.  true  aneurysm  intervenes  between  the  two  vessels  in  the  former  case, 
a  false  aneurysm  in  the  latter  case;  we  must  thus  distinguish  true  vari- 
cose aneurysm  from  false  varicose  aneurysm. 

311.  Occasionally,  as  the  result  of  a  wound  we  may  have  a  direct  con- 
nection of  the  channel  of  an  artery  with  that  of  a  vein,  so  that  arterial 
blood  pours  into  the  vein  without  passing  through  an  aneurysmal  sac 
at  all.  This  condition  has  been  described  as  aneurysmal  varix.  The 
pressure  of  the  arterial  blood  gradually  dilates  the  vein,  giving  it  a  vari- 
cose appearance,  and  if  the  condition  persists,  its  wall  may  become  notably 
thickened. 

The  non-traumatic  forms  of  varicose  aneurysm  specially  affect  the 
great  vessels  of  the  thorax;  the  traumatic  form  generally  occurs  between 
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the  median  basilic  vein  and  the  brachial  artery,  at  the  spot  where  bleed- 
ing from  the  arm  is  practised. 

312.  The  vascular  neoplasms,  or  tumors  in  whose  structure  the 
blood-vessels  play  an  essential  part,  have  already  been  discussed  in  the 
General  Pafchologioal  Anatomy.  Of  this  class  the  angiomata  (Arts. 
149,  150),  the  angiosarcomata  (Art.  161),  and  the  cylindromata  (Art. 
163)  are  the  chief  species. 

Tumors  of  all  kinds  may,  of  course,  involve  the  walls  of  the  blood- 
vessels in  their  growth.  The  adventitia  is  specially  liable  to  be  implicated 
in  carcinomatous  or  sarcomatous  proliferation.  The  media  and  intima 
resist  the  invasion  longer,  especially  in  the  case  of  the  arteries;  the  veins 
are  less  resistant.  The  walls  of  the  veins  are  often  broken  into  by  can- 
cerous growths,  so  that  tumor-particles  gain  entrance  to  the  blood-cur- 
rent; and  in  this  way  cancerous  thrombosis  is  set  up.  If  tumor-germs 
are  swept  ofE  from  the  thrombi,  they  may  give  rise  to  metastatic  growths 
at  some  other  point  of  the  vascular  system  where  they  lodge. 


CHAPTER  XYIII. 

THE  LYMPHATICS. 

313.  The  morbid  changes  occurring   in  the  lymphatic  system 

do  not  admit  of  complete  treatment  apart  from  that  of  the  various  or- 
gans. The  lymphatics  have  their  ultimate  radicles  in  the  very  substance 
of  the  tissues  ;  and  arise  in  the  natural  meshes  and  lacunas  which  exist 
in  them.  Into  these  meshes  or  lymph-spaces  passes  the  liquid  transuded 
from  the  blood-vessels  ;  the  meshes  being  continuous  with  lymph-chan- 
nels, which  are  devoid  of  special  walls  and  are  only  marked  off  from  the 
parenchyma  of  the  tissues  by  a  layer  of  endothelial  cells.  These  chan- 
nels are  the  radicles  of  the  lymphatics,  and  are  abundant  wherever  con- 
nective tissue  is  found. 

It  must  be  very  rare  for  demonstrable  changes  to  take  place  in  these 
minute  lymph-channels  without  simultaneous  disease  of  the  tissues  that 
enclose  them  ;  they  and  the  tissues  are  in  too  intimate  relation  for  one 
to  suffer  without  the  other.  The  same  holds  even  for  the  larger  lym- 
phatics, though  they  have  walls  of  their  own  in  addition  to  the  endo- 
thelial lining ;  it  is  indeed  only  the  largest  lymphatics  of  all  that  give 
marked  evidence  of  their  independence. 

314.  The  lymphatics  are  not  frequently  inflamed,  an  affection  de- 
scribed as  lymphangitis,  but  more  properly  perilymphangitis. 

It  is  generally  secondary  to  some  inflammation  of  the  tissues  ;  the 
lymph  from  the  inflamed  area  acting  as  an  irritant  on  the  vessels  through 
which  it  flows  and  on  the  tissues  which  environ  them.  It  is  rare  for  an 
irritant  capable  of  setting  up  inflammation  to  reach  the  lymphatics  from 
any  other  source  than  from  a  previously  inflamed  part.  The  secondary 
inflammation  may  extend  far  beyond  the  seat  of  the  primary  affection  : 
thus  it  may  reach  from  a  wound  in  the  hand  up  into  the  lymphatics 
and  glands  of  the  axilla.  During  life  the  affection  is  recognizable  by  the 
existence  of  red  and  painful  streaks  extending  from  the  initial  wound 
to  the  nearest  lymphatic  glands. 

Minor  degrees  of  inflammation  are  hardly  if  at  all  to  be  recognized 
post  7nortem,  the  redness  generally  disappearing  soon  after  death ;  only 
when  the  lymphatics  and  their  contents  and  surroundings  have  under- 
gone considerable  inflammatory  change  are  the  traces  plainly  visible. 
Under  the  microscope  however  it  is  not  all  difficult  to  make  out  the 
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inflamed  lymphatics  which  ramify  from  the  neighborhood  of  an  inflamed 
area. 

Tlio  histological  changes  associated  with  lymphangitis  are  mainly 
these  : — the  contents  of  the  lymphatics  are  much  more  abundant,  and 
much  richer  in  cells,  than  normal  lymph;  it  is  often  purulent  in  appear- 
ance; in  other  cases  it  is  fibrinous  or  fibrino-purulent;  where  the  inflam- 
mation is  purulent  the  endothelium  of  the  lymphatics  is  shed  or  disin- 
tegrated, in  milder  forms  it  is  swollen  and  protuberant;  occasionally 
subdivision  of  nuclei  and  cells  is  observed;  the  tissues  surrounding  the 
vessel,  and  the  vessel-wall,  are  inflamed  with  migrated  cells,  and  the 
blood-vessels  are  congested;  only  in  the  mildest  cases  of  all  is  the  change 
limited  to  swelling  and  desquamation  of  the  endothelium. 

The  outcome  of  lymphangitis  is  either  complete  restoration  ad  inte- 
grum by  re-absorption  of  the  exudation  and  regeneration  of  the  lost  en- 
dothelium, or  necrosis  and  abscess  of  the  vessel  and  the  tissue  surround- 
ing it,  or  lastly  fibrous  hyperplasia  and  induration  of  both.  The  latter 
occurs  in  chronic  inflammatory  conditions,  and  may  lead  to  the  obliter- 
ation of  the  vessel. 

The  infective  granulomata  may  invade  the  lymphatic  system,  and  the 
lymphangitis  set  u^o  often  exhibits  no  special  peculiarities  ;  but  actual 
granulomatous  change  may  likewise  be  induced,  and  then  exliibits  its 
specific  characters.  In  this  respect  tuberculosis  is  the  best  examjole,  as 
the  affection  is  propagated  with  special  readiness  by  way  of  the  lymphatic 
vessels  (Art.  123.) 

References  on  lymphangitis  and  the  associated  changes  : — Viechow,  Vircli. 
Arch.  vol.  23;  LoscH,  ibid.,  vol,  44;  Baumgakten,  Cent.  f.  d.  med.  Wiss.  3,  1882, 
with  further  references.  On  tuberculous  disease  of  the  lymphatics  see  Klebs 
(Virch.  Arch.  vol.  44)  ;  Lepine  {Arch,  de  physiol.  1870);  Ponfick  {Berl,  Min. 
Woch.  1877) ;  Weigert  {Virch.  Arch.  vol.  88). 

315.  Inflammatory  processes  affecting  the  wall  of  a  lymphatic  and  the 
surrounding  tissue,  pressure  from  without,  the  eruption  of  tumors  or 
parasites  into  the  channel,  and  other  liiie  causes,  may  bring  about  the 
occlusion  of  the  vessel.  If  the  number  of  lymphatics  thus  obliterated 
is  not  great,  while  other  vessels  remain  open  so  that  the  lymph  of  the 
part  can  find  an  exit,  no  further  change  is  usually  induced.  Even  the 
thoracic  duct  may  be  occluded  without  serious  danger,  for  other  collat- 
eral paths  are  opened  up.  But  if  the  efflux  of  lymph  is  entirely  pre- 
vented, as  in  filarial  disease  (Art.  235),  engoi'gement  of  the  vessels  with 
lymph  ensues  and  the  lymphatics  become  gradually  dilated,  forming 
Avhat  is  called  lyinphangiectasis.  This  affection  may  however  develop 
without  demonstrable  impediment  to  the  outflow  of  lymph,  generally  in 
connection  with  repeated  attacks  of  local  hyperasniia  or  inflammation^ 
but  at  times  also  without  any  such  apparent  cause. 

Lymphangicctasis  following  parasitic  obstruction  and  inflammation  is 
chiefly  observed  in  the  form  of  cutaneous  and  subcutaneous  hyperplasia 
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known  as  elephantiasis.  The  skin  is  thickened  and  on  section  allows 
an  abundance  of  clear  lymph  to  escape  from  the  dilated  lymphatics. 
The  degree  of  the  dilatation  Taries  of  course  in  different  cases:  some- 
times the  epidermis  is  raised  in  blisters  and  bullaB  hy  the  accumulated 
lymph. 

Dilated  chyliferous  lymphatics  are  very  often  met  with  in  the  mesen- 
tery: the  usual  cause  is  obstruction  due  to  inflammatory  or  neoplastic 
growths  seated  in  the  mesentery  or  thoracic  duct.  Sometimes  the  ob- 
struction is  due  to  lymphatic  thrombosis.  The  dilated  vessels  look  like 
straight  cylindrical  ridges  or  convoluted  saccular  or  beaded  cords;  their 
contents  are  either  white  and  limpid  or  pulpy  and  caseous. 

Lymphangiectases,  not  associated  with  engorgement  or  inflammation, 
are  generally  congenital  or  depend  on  congenital  defects.  The  affection 
known  as  lymphangiectatic  macroglossia  and  macroeheilia,  a  i)e- 
culiar  overgrowth  of  tongue  and  lips,  is  due  essentially  to  dilatation  of 
the  lymphatics  of  the  parts.  Lymphangiectases  of  the  skin  such  as  are 
often  met  with  in  the  inguinal  region,  scrotum,  labia  pudendi,  and  on 
the  thorax,  are  of  the. same  nature.  They  sometimes  form  circumscribed 
tumor-like  swellings  and  are  hence  classed  with  tumors  as  lymphangio- 
mata  (Art.  152).  It  is  not  possible  to  draw  a  sharp  line  between  the 
swellings  which  we  may  fitly  call  tumors  and  the  others. 

The  rupture  of  lymphatics  and  lymphorrhagia  have  been  referred  to 
in  Art.  31. 

On  the  consequences  of  closure  of  the  thoracic  duct  see  Heller  (Deutsch. 
Arch.  f.  klin.  Med.  x.);  Turner  {Edin.  med.  Journ.  1859);  Stilling  {Virch.  Arch. 
vol.  88). 

On  lymphangiectasis  and  lymphorrhoea  see  Arts.  31,  152;  Georjevic  ( ^rci't. 
/.  klin.  Chir.  xii.);  Fetters  and  Klebs  (Pi^ag.  Vierteljahrsschr.  125);  Manson 
(Med.  Times  and  Gaz.  2,  1875,  and  The  Filaria  sanguinis  hominis  London  1833); 
Wienkowski  (Wien.  med.  Woch.  33, 1877);  Desert  (Z)es  dilatations  lymphatiqiies, 
These  de  Paris  no.  131,  1877);  Lesse  (Ludioig's  Arbeiten  1812);  Quincke  (Are/i.  /. 
klin.  Med.  xvi.,  with  references  to  cases);  Nieden  {Virch.  Arch.  vol.  90);  Wegner 
(Arch.  f.  klin.  Chir.  xx.);  Lewinski  {Virch.  Arch.  vol.  91).  On  macroglossia  see 
Barker  {Holmes's  Syst.  of  Surgery  ii.  London  1883,  with  references). 

316.  In  addition  to  the  lymphatic  tumors  described  as  lymphangio- 
mata  we  have  a  class  of  growths  specially  affecting  the  lymphatic  ves- 
sels, and  known  as  endotheliomata  or  eudotlielial  eaucers.  They  have 
been  described  chiefly  as  tumors  of  the  serous  membranes,  of  the  pia 
mater,  and  of  the  skin;  and  they  are  either  flattened  and  diffuse,  or  cir- 
cumscribed. According  to  the  principles  already  laid  down  (Art.  166), 
they  are  to  be  reckoned  as  sarcomata,  characterized  by  endothelial  pro- 
liferation and  by  the  formation  of  peculiar  nests  and  clusters  of  cells 
lying  in  a  kind  of  fibrous  stroma;  the  structure  thus  resembles  in  many 
points  that  of  carcinoma.  But  it  must  be  noted  that  many  tumors  de- 
scribed as  endotheliomata  have  been  really  genuine  carcinomata,  which 
ii:id  irrupted  into  the  lymph-channels.     This  is  true  of  many  of  the  so- 
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called  endotheliomata  not  only  of  the  skin  but  also  of  the  serous  mem- 
branes (Art.  358). 

The  endothelial  cells  of  the  lymphatics  may  take  part  in  the  growth 
of  any  of  the  connective-tissue  group  of  tumors;  but  they  do  not  give  rise 
to  any  special  peculiarities  of  structure. 

The  lymphatics  very  frequently  participate  in  the  growth  and 
propagation  of  the  epithelial  neoplasms.  This  is  notably  the 
case  with  regard  to  carcinoma,  which  often  breaks  into  the  lymph-chan- 
nels and  there  forms  cancerous  nodules  and  bands.  Thus  from  a  mam- 
mary carcinoma  infection  may  spread  to  the  lymphatics,  not  merely  of 
the  neighboring  surface  tissues,  but  even  of  the  pleura  and  subpleural 
connective  tissue.  In  this  way  long  trains  and  cluster  of  cancer-nodules 
may  be  formed  following  the  lines  of  the  pleural  lymphatics.  The  share 
taken  by  the  endothelial  cells  in  the  process  of  propagation  is  still  under 
discussion.  Many  are  of  opinion  that  they  give  rise  to  cancer-cells. 
This  is  very  far  from  being  demonstrated,  but  it  is  perhaps  possible. 
The  author  has  observed  in  some  instances  that  the  endothelial  cells 
were  proliferous,  but  has  no  evidence  that  they  became  transformed  into 
cancer-cells.  Meanwhile  it  is  probably  true  that  if  they  produce  tissue 
at  all,  it  is  fibrous  tissue;  that  is  to  say  they  give  rise  to  cancer-stroma, 
not  to  cancer-cells. 

On  endothelioma  see  Art.  161;  Koster  (Die  Entivickelung  d.  Carcinome  1869); 
Pagbnstecher  (Virch.  Arch.  vol.  45);  Eberth  (Virch.  Arch.  vol.  49);  Arndt 
(ibid.  vol.  51);  PKRL.S  {ibid.  vol.  56);  Waldeyer  (ibid.  vol.  55);  Wagner  (^rc7i.  d. 
Heilk.  (1870)  xi.);  Neelsen  [Arch.  f.  hlin.  Med.  xxx.,  with  cases  and  references). 
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CHAPTER    XIX. 

STRUCTURE  AND  FUNCTIONS  OF  THE   SPLEEN. 

317.  Structure  of  the  spleeu.  The  spleen  plays  a  peculiar  and 
important  part  in  connection  with  the  elaboration  and  metabolism  of  the 
blood;  and  its  relation  to  the  blood  accounts  in  some  measure  for  its 
anatomical  structure  and  for  its  special  relation  to  the  vascular  mechan- 
ism. The  proper  or  characteristic  tissue  of  the  spleen  is  the  pulp,  and 
this  is  so  intimately  connected  with  the  vascular  system  that  its  inter- 
spaces constantly  contain  both  the  fluid  and  the  corpuscular  elements  of 
the  blood  in  abundance.  The  volume  of  the  adult  spleen  is  from  150  to 
180  ccm. 

The  spleen-pulp  consists  of  a  delicate  membranous  reticulum  or 
'  honeycomb  '  traversed  by  stouter  strands  or  trabeculae  originating  in  the 
capsule  or  in  the  fibro-cellular  (lymphadenoid)  sheaths  that  ramify  with 
the  vessels  from  the  hilum.  The  interspaces  of  the  reticulum  are  in 
communication  with  wide,  thin-walled  capillaries  and  veins  deriving 
their  blood-supply  from  the  arteries,  which  enter  at  the  hilum  and  bifur- 
cate dichotomously  into  minute  arterioles.  The  capillaries  of  course 
intervene  between  the  arterioles  and  the  radicles  of  the  veins.  It  has 
^een  shown  that  the  capillary-walls  are  not  continuous  but  interrupted, 
so  that  blood  can  permeate  freely  the  meshes  of  the  pulp.  And  even  if, 
as  some  maintain,  there  are  no  easily-visible  clefts  or  pores  in  the  vessels, 
it  is  at  least  certain  that  the  walls  are  in  so  far  more  pervious  than  the 
walls  of  other  vessels  that  the  corpuscles  pass  through  them  with  great 
ease,  and  that  the  mass  of  the  pulp  is  in  part  made  up  of  blood-cells. 
The  reticulum  contains  lymphoid  cells,  larger  round  colorless  cells  with 
one  or  more  nuclei,  and  ordinary  red  corpuscles,  together  with  corpuscle- 
carrying  cells,  pigment-granule  cells,  and  free  yellow  or  brownish  pig- 
ment. This  pigment  in  conjunction  with  the  blood  gives  the  spleen  its 
brownish-red  color. 

The  spleen  contains  besides  certain  special  structures  known  as 
nialpighian  follicles  (or  corpuscles) .  They  are  composed  of  lymphade- 
noid tissue,  continuous  with  the  cellular  connective  tissue  sheathing  the 
arteries  and  forming  indeed  but  a  modification  of  it.  They  contain 
colorless  cells  only,  and  their  blood-vessels  are  narrow  capillaries,  which 
unite  and  open  into  wide  venous  channels  or  sinuses  at  the  periphery  of 
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the  follicles.  The  color  of  these  lymphoid  follicles  is  therefore  pale  or 
grayish- white. 

The  capsule  and  the  trabeculse  contain  numerous  unstriped  muscular 
fibres,  which  arc  arranged  with  some  regularity.  / 

The  outer  form  of  the  spleen  is  somewhat  variable,  but  it  is  generally 
more  or  less  flattened  or  tongue-shaped.  It  is  often  remarkably  lobu- 
lated,  or  at  least  deeply  indented.  Small  detached  spleniculi,  from  the 
size  of  a  bean  to  that  of  a  hazel-nut,  are  occasionally  found  near  the 
spleen.  Misplacements  of  the  spleen  are  common,  and  it  is  occasionally 
wanting  altogether. 

318.  The  fanctiOMS  of  the  spleen  are  as  yet  imperfectly  ascertained. 
It  is  very  probable  that  the  red  corpuscles  are  broken  up  within  its 
meshes;  that  is  to  say  that  worn-out  or  useless  red  corpuscles  pass  into 
the  splenic  tissue  (Art.  268)  and  there  undergo  further  changes. 
According  to  Quincke  and  Kun"kel  a  part  of  the  iron  contained  in  the 
red  corpuscles  which  are  disintegrated  is  utilized  in  the  formation  of 
new  ones,  while  another  part  passes  into  the  liver  for  elimination. 
Eecent  researches  have  thrown  doubt  on  the  formerly-accepted  theory 
that  red  corpuscles  are  manufactured  in  the  spleen  itself.  The  most 
recent  investigators  are  divided  on  the  question,  Neumann  being  against 
the  older  view,  and  Tizzoni  for  it.  Bizzozero  rejects  altogether  the 
idea  that  blood  is  normally  manufactured  in  the  spleen  after  the  close  of 
the  foetal  period;  but  he  thinks  the  spleen  may  resume  such  a  function  in 
certain  peculiar  conditions,  as  in  angemia.  So  much  at  least  is  sure,  that 
the  red  corpuscles  met  with  in  the  splenic  pulp  are  not  new-formed,  but 
have  escaped  from  the  blood-vessels;  and  that  they  either  return  to  the 
blood  after  undergoing  some  alteration,  or  are  destroyed.  If  new  cells 
are  furnisiied  to  the  blood  by  the  spleen  at  all,  they  are  colorless  cells 
derived  from  the  lymphadenoid  sheaths  of  the  arteries. 

The  view  that  the  worn-out  and  useless  red  corpuscles  are  brought  to 
the  spleen  and  there  broken  up  is  supported  by  pathological  facts. 
When  the  disintegration  of  red  corpuscles  in  the  blood  is  by  any  cause 
(such  as  malaria.  Art.  268)  increased,  the  number  of  cells  containing  red 
corpuscles  and  pigment,  and  the  amount  of  free  pigment,  in  the  spleen 
is  likewise  increased.  The  organ  may  indeed  become  thereby  stained  of 
a  deep  russet  or  slate  color.  We  may  suppose  that  the  increased  disinte- 
gration sets  free  more  pigmentary  matter  that  can  be  utilized  in  the 
formation  of  new  corpuscles  or  eliminated  though  the  liver,  and  so  it 
accumulates  in  the  spleen. 

Foreign  matters  circulating  in  the  blood  are  specially  apt  to  be  de- 
posited in  the  spleen  (Art.  266) :  it  is  clear  that  the  diminished  current 
in  the  wide  capillaries  and  veins,  and  their  pervious  walls,  greatly  favor 
such  deposition. 

On  the  structure  of  the  spleen  see  Klein  {Quart  J.  micro,  sci.  1875,  Atlas  of 
Histology  London  1880). 
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The  more  recent  researches  on  the  functions  of  the  spleen  have  been  those  un- 
dertaken by  Neumann  {Arch.  d.  Heilk.  xv.,  Berl.  Jdin.  Woch.  20,  1880,  Zeitschr. 
f.  Jdin.  Med.  in.),  Foa  and  Salvioli  {Arch.  p.  I.  scienze  med.  iv.),  Bizzozero 
{ibid.  I.,  Arch.  ital.  de  biol.  I.),  TizzONi  {Acad,  dei  Lincei'X..  Ser.  3,  Arch.  ital.  de 
biol.  I.),  KoKN  {Virch.  Arch.  vol.  86),  Roy  {Camb.  Journ.  of  Physiol,  in.),  Wino- 
GRADOW  {Cent.  f.  d.  med.  Wiss.  50,  1882).  Neumann  pronounces  definitely 
against  the  view  that  during  extra-uterine  life  the  spleen  takes  any  pai't  in  the 
elaboration  of  the  blood.  Bizzozero,  Foa,  and  Salvioni  are  of  opinion  that 
after  serious  hsemorrhage  the  spleen  does  aid  in  manufacturing  new  blood. 
TizzoNi  likewise  thinks  that  blood  may  not  only  be  destroyed  but  produced  in 
the  spleen;  resting  his  opinion  on  the  results  of  extirpating  the  spleen  in  dogs. 
The  proportion  of  haemoglobin  in  the  blood  rises  shortly  after  the  operation  ;  in 
about  two  days  it  returns  to  the  normal,  and  then  sinks  more  or  less  below  it,  to 
rise  again  after  a  certain  interval.  The  last  effect  is  due  to  the  fact  that  not  only 
is  the  blood-destroying  function  of  the  bone-marrow  increased  but  also  the  blood- 
producing  function.  He  finds  that  extii'pation  is  occasionally  followed  by  repro- 
duction of  splenic  tissue  in  the  form  of  numerous  (60  to  80)  nodules  lying  in  the 
omentum,  and  more  sparsely  in  other  parts  of  the  peritoneum.  These  cellular 
nodules  when  mature  consist  of  malpighian  follicles,  pulp,  and  a  capsule  ;  and 
they  may  coalesce  into  larger  masses.  They  contain  young  nucleated  red  cor- 
puscles. Foa  disputes  Tizzoni's  account  of  the  structure  and  function  of  these 
nodules,  and  does  not  believe  that  they  have  any  relation  to  the  presence  or 
absence  of  the  spleen  {London  med.  Record  July  1883).  Roy  has  discovered 
that  in  health  the  spleen  expands  and  contracts  rhythmically  by  means 
of  the  muscular  tissue  contained  in  its  capsule  and  trabeculee ;  and  he  believes 
that  the  circulation  of  the  blood  through  the  organ  is  maintained  not  by  the 
general  blood-pressure  but  by  the  force  of  these  rhythmical  contractions. 


CHAPTER  XX. 

DISORDERS    OF    CIRCULATION    AND    INFLAMMATIONS    OF   THE 

SPLEEN. 

319.  The  amount  of  blood  contained  in  the  spleen  is  subject  to  con- 
siderable and  incessant  physiological  variation.  During  digestion  the 
organ  increases  in  size  from  congestive  hypersemia,  which  passes  away  as 
the  blood-supply  diminishes  on  the  contraction  of  the  afferent  arteries; 
the  reduction  in  size  being  further  aided  by  the  tension  of  the  elastic 
fibres  and  the  contraction  of  the  unstriped  muscular  fibres  of  the  tra- 
beculse  and  the  capsule. 

Congestive  hyperaeniia  may  in  like  manner  occur  as  a  morbid  con- 
dition exceeding  the  physiological  condition  in  intensity  and  duration. 
In  all  the  infective  disorders  of  the  system,  as  in  typhoid  and  other  acute 
exanthemata,  in  syphilis  and  inpysemia  the  onset  of  the  disease  is  accom- 
panied by  splenic  hypersemia.  The  spleen  enlarges,  and  that  in  much 
greater  proportion  to  its  size  than  do  the  other  organs  which  become 
hypersemic  at  the  same  time:  this  is  due  to  the  fact  that  not  merely  are  the 
capillaries  and  veins  distended  with  blood,  but  also  the  mass  of  the  splenic 
pulp  which  is  in  free  communication  with  them.  Such  a  sj^leen  looks 
large  and  its,  capsule  is  tense;  the  pulp  is  deep  red,  and  so  soft  that  on 
section  it  may  be  easily  scraped  away.  The  malpighian  follicles  some- 
times stand  out  distinctly  as  white  nodules,  sometimes  are  scarcely 
recognizable  amid  the  swollen  pulp. 

320.  The  congestive  hypersemia  may  pass  away  rapidly,  but  it  often  per- 
sists for  some  time  and  further  changes  are  set  up  in  consequence.  This 
is  especially  the  case  with  the  enlargement  accompanying  the  acute  in- 
fective diseases,  such  as  typhoid,  pysemia,  relapsing  fever,  ague,  acute 
nephritis,  and  scarlatina.  The  spleen  of  a  patient  dead  of  typhoid  at  the 
beginning  of  the  second  week,  or  of  septicsemia  about  the  fourth  or  fifth 
day,  appears  not  red  but  grayish  or  pale  reddish-gray;  its  volume  is 
greater  than  in  simple  congestion,  reaching  perhaps  the  double  or  the 
quadruple  of  its  normal  size.  The  pulp  is  extremely  soft,  almost  dif- 
fluent, the  softness  being  often  however  due  in  part  to  commencing 
putridity:  in  extreme  cases  the  capsule  may  be  so  strained  as  to  rupture. 

In  such  a  condition  the  spleen  cannot  be  regarded  as  affected  simply 
by  excessive  hypersemia.     The  microscope   shows  that  the  vessels  and 
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pulp  are  iiob  rlistcnclcd  witli  red  cells  as  in  liypergemia,  but  that  both 
contain  an  extraordinary  number  of  white  cells  ;  and  it  is  these  that  give 
tlie  tissue  its  grayish  tint.  Whence  they  come  is  not  easy  to  determine, 
though  it  is  highly  probable  they  reach  the  spleen  by  the  channel  of  the 
circulation.  Possibly  too  the  production  of  lymphoid  elements  within 
the  malpighian  follicles  may  be  abnormally  increased  ;  but  the  follicles 
show  little  or  no  sign  of  increase  in  size. 

This  form  of  enhirgement  of  the  spleen  is  in  fact  to  be  regarded  as 
inflammatory,  the  evidence  of  a  true  splenitis.  In  support  of  this  it 
may  be  mentioned  that  the  exterior  or  capsular  surface  often  shows  signs 
of  accompanying  inflammatory  change,  such  as  turbidity  of  the  capsule 
and  deposits  of  fibrin  upon  it.  It  is  of  course  more  diSicult  to  draw  a 
hard  and  fast  line  between  hyperemia  and  inflammation  in  the  case  of 
the  spleen  than  in  other  organs,  for  the  spleen  normally  contains  blood- 
cells  which  have  escaped  from  the  vessels. 

The  cells  lying  in  the  swollen  grayish  pulp  are  in  part  exactly  like 
lymphoid  elements,  in  part  larger  and  with  clear  vesicular  nuclei.  A 
considerable  number  of  the  lymphoid  cells  contain  red  corpuscles  or  frag- 
ments of  such  in  their  interior  ;  a  sign  that  the  destruction  of  red  cor- 
puscles is  not  only  not  diminished  but  actually  increased. 

As  foreign  matters  circulating  in  the  blood  are  apt  to  be  deposited  in  the 
spleen,  it  is  very  probable  that  organized  infective  matters  may  in  like  manner 
tend  to  lodge  there,  and  so  lead  to  inflammatory  vascular  changes.  Many  such 
organisms  are  probably  destroyed  in  the  spleen.  See  Birch-Hirschfeld  (Arch, 
d.  Heilk.  xiii.),  Friedreich  (Samm.  Jclin.  Vortrdge  75),  Socolopf  {Virch.  Arch. 
vol.  66),  Fischl  {Frag.  med.  Woch.  1879),  Klein  {Trans.  Path.  Soc.  1877). 

331.  The  consequences  of  congestive  hyperaemia  and  inflammation 
of  the  spleen  are  various. 

As  the  general  disease  passes  away  the  infiltrative  swelling  of  the 
spleen-pulp  usually  diminishes.  The  red  and  white  blood-cells  that  re- 
mained lodged  in  the  pulp  are  gradually  passed  on,  and  the  spleen  re- 
covers its  normal  bulk  and  appearance.  As  the  swelling  declines  cells 
may  be  found  containing  not  only  fragments  of  blood-cells,  but  also  oil- 
globules  ;  a  sign  that  they  are  in  process  of  decay. 

In  other  cases  the  changes  may  be  more  permanent  and  assume  the 
form  of  fibrous  hyperplasia  of  the  pulp,  trabeculse,  vessel-walls,  and 
capsule,  together  with  enduring  pigmentation.  These  changes  are  espe- 
cially apt  to  occur  when  the  hypersemic  condition  recurs  frequently  (as  in 
malaria),  or  when  the  inflammation  takes  on  a  formative  or  plastic  char- 
acter. Diffused  or  circumscribed  thickenings  then  appear  on  the  capsule, 
and  may  take  the  form  of  flattened  lenticular  nodules,  or  large  dense 
cartilaginous  patches.  Occasionally  the  entire  capsule  is  transformed 
into  a  coarse  scar-like  fibrous  mass  (Billroth,  Virch.  Arch.  vol.  23  ; 
WiLKS,  Trans.  Path.  Soc.  1864). 

Adhesions  of  the  spleen  to  the  surrounding  structures  in  consequence 
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of  inflammation  (perisplenitis)  are  common  ;  false  membranes  may  thus 
be  formed  uniting  the  spleen  with  the  diaphragm,  the  splenic  flexure  of 
the  colon,  and  the  fundus  of  the  stomach,  and  cause  difficulty  in  dissect- 
ing out  the  spleen  post  mortem.  Bat  all  such  adhesions  are  not  evidence 
of  primary  splenic  inflammation  ;  inflammatory  processes  set  up  in  the 
neighborhood  of  the  spleen  may  induce  secondary  inflammation  in  the 
latter. 

The  appearance  of  the  spleen  varies  in  such  cases  ;  it  may  be  small 
and  granular  on  the  surface,  or  it  may  be  considerably  enlarged.  The 
latter  is  notably  the  case  in  chronic  malarial  disease  (ague-cake).  The 
variety  of  size  depends  chiefly  on  the  scantiness  or  abundance  of  the 
pulp  ;  but  the  trabecular  frame-work  may  be  hyperplastic  and  contribute 
to  the  general  enlargement.  The  tint  of  the  pulp  also  varies  greatly.  If 
it  contains  little  or  no  j)igment,  it  is  bright  red  ;  if  pigment  is  abundant, 
it  is  brown  or  slate-colored.  Its  consistence  is  firm,  so  that  on  section  it 
is  not  easy  to  remove  the  pulp  by  scraping.  The  number  of  lymphoid 
cells  in  the  pulp  is  on  the  whole  inconsiderable  ;  when  pigment  is  present 
at  all,  these  cells  usually  contain  most  of  it  in  the  form  of  yellow,  brown, 
or  black  granules ;  free  pigment  also  occurs.  The  endothelial  cells  of 
the  venules  and  some  cells  of  the  malphigian  follicles  likewise  contain 
fine  granules  of  pigment. 

The  trabecule  are  more  or  less  thickened  ;  in  marked  cases  the  thick- 
ening may  be  recognizable  by  the  unaided  eye.  It  is  only  in  very  firm  or 
hard  spleens  that  the  finer  reticulum  of  the  pulp  is  sensibly  thickened. 
The  walls  of  the  arteries  and  veins  are  likewise  thickened  and  pigmented, 
the  pigment  lying  free  in  the  walls  or  enclosed  in  cells.  The  changes  in 
question  are  exhibited  most  markedly  by  patients  who  have  suffered  from 
malaria,  but  they  are  also  met  with  in  connection  with  other  affections, 
such  as  typhoid.  The  pigmentary  changes  are  due  to  increased  destruc- 
tion of  blood-cells  in  the  blood  and  the  spleen. 

323.  Inflammation  of  the  spleen  rarely  passes  into  snppuralion. 
When  it  does  the  colorless  cells  accumulate  in  the  pulp  and  follicles  in 
great  numbers,  giving  the  whole  tissue  a  yellowish-white  tint.  In  very 
rare  cases  the  entire  substance  suppurates  ;  the  spleen  being  changed  into 
a  gray  or  grayish-red  creamy  mass.  Circumscribed  suppurations  are 
commoner.  The  tissue  about  to  break  down  takes  on  a  grayish  or  yellow- 
ish-white color,  and  then  becomes  diffluent  or  liquid,  forming  splenic 
abscesses. 

These  occur  chiefly  in  py^emic  affections,  and  in  relapsing  fever  (Poif- 
fiok);  that  is  to  say  in  affections  depending  on  bacterial  invasion  of  the 
blood. 

The  tissue  around  a  splenic  abscess  is  generally  discolored  and  infil- 
trated with  pus;  it  is  less  usual  for  the  abscess  to  be  shut  off  by  an  en- 
closing membrane  of  granulation-tissue.  The  abscess  often  breaks 
through  the  capsule;  and  should  the  pus  enter  the  peritoneal  cavity, 
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fatal  peritonitis  ensues.  But  if  adhesions  have  previously  been  set  up 
between  the  s^oleen  and  the  stomach-wall  or  diaphragm  or  colon,  the  ab- 
scess may  break  into  the  stomach  or  thorax  or  intestine. 

See  Besnier  (Art.  Rate  in  Diet,  encyclop.  d.  sciences  med.),  Ponfick  (Vireh. 
Arch.  vol.  60).  Mosler  {Ziemsseii's  Cyclop,  viii.),  Wardell  {Reynolds'  Syst.  of 
Med.  v.). 

333.  Passive  hyperaemia  of  the  spleen  follows  upon  such  disor- 
ders of  the  circulation  as  interfere  with  the  flow  of  blood  through  the 
splenic  vein.  Such  are  affections  of  the  liver  on  the  one  hand,  of  the 
heart  and  lungs  on  the  other.  Cirrhosis  of  the  liver  is  the  chief  of  the 
former  class,  inasmuch  as  it  often  leads  to  the  obliteration  of  the  greater 
number  of  the  portal  capillaries  within  the  liver. 

When  engorgement  of  the  spleen  has  persisted  for  some  time,  the 
organ  is  usually  found  to  be  either  normal  in  size  or  somewhat  enlarged; 
it  is  rarely  diminished.  It  is  commonly  more  cup-shaped  than  in  health, 
and  the  edges  are  more  rounded.  It  is  always  firmer  and  sometimes  act- 
ually hard,  owing  to  the  density  of  the  pulp,  which  may  be  bright-red 
or  dark  in  color.  Hardly  any  of  the  pulp  can  be  scraped  off  from  the 
section;  the  trabeculae  stand  out  sharply;  and  the  capsule  is  often  thick- 
ened. The  chief  textural  alteration  in  such  a  spleen  is  the  increased 
amount  of  fibrous  tissue  it  contains,  the  increase  appearing  in  the  trabe- 
culse  and  in  the  walls  and  sheaths  of  the  vessels.  The  venous  sinuses  are 
of  course  dilated.  Occasionally  the  reticulum  of  the  pulp  is  found  to  be 
slightly  thickened. 

Anaemia  of  the  spleen,  such  as  follows  upon  great  hemorrhage,  is 
manifested  by  the  very  pale  color  of  the  tissue. 

324.  Embolic  infarctions  of  the  spleen,  or  the  cicatrices  to  which 
they  give  rise,  are  very  often  to  be  observed  in  the  post-mortem  room. 
The  emboli  are  generally  derived  from  endocarditic  vegetations  or  from 
thrombi  of  the  heart  or  aorta.  The  infarcts  are  of  various  sizes;  small 
ones  may  be  as  large  as  a  cherry,  larger  ones  may  extend  over  as  much 
as  a  half  or  more  of  the  whole  spleen.  In  the  early  stages  of  their  exist- 
ence they  appear  as  pale  yellowish  (anaemic)  or  dark-red  (hgemorrhagic) 
wedge-shaped  patches  with  the  base  outwards,  and  on  section  project 
above  the  general  level;  in  the  hgemorrhagic  patches  the  decolorizing 
process  begins  almost  at  once.  The  infarcts  which  one  generally  sees  are 
either  of  one  color  throughout,  or  the  centre  is  pale  while  the  margin  re- 
mains dark.  When  decolorization  is  well  begun,  the  centre  is  brownish- 
red  or  orange  or  opaque  gray  or  yellowish-white;  the  marginal  zone,  if 
there  is  one,  will  then  be  dark-red. 

When  the  red  or  hgemorrhagic  infarct  is  examined  under  the  micro- 
scope it  is  seen  that  the  veins,  capillaries,  and  pulp  are  all  distended  with 
blood.  The  follicles  are  hsemorrhagic  only  at  their  margins,  the  centres 
being  unstained.  In  decolorized  infarcts  the  red  corpuscles  appear  in  part 
disintegrated,  and  in  part  distorted  and  discolored.    The  nuclei  of  the  tra- 
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beculse  are  no  longer  visible,  the  trabecule  themselves  being  swollen  and 
beset  with  oil-globules.  The  lymphoid  elements  are  either  gone,  or  in 
process  of  breaking  up  into  granular  and  fatty  detritus,  and  few  nuclei 
are  visible.  At  a  later  stage  the  reticulum  and  cells  are  alike  transformed 
\  into  a  granular  mass,  in  other  words  the  entire  tissue  has  perished  by 
necrosis.  Traces  of  the  normal  structure  remain  only  in  the  marginal 
zone  of  the  infarct,  in  wliich  staining  reagents  still  bring  out  the  nuclei 
of  the  cells  and  the  trabeculse. 

Plastic  inflammation  of  the  surrounding  spleen-tissue  accompanies 
the  necrosis,  a  congested  zone  of  demarcation  is  formed,  and  the  necrotic 
mass  is  by  degrees  re-absorbed.  After  a  time  a  dense  shrunken  radiating 
cicatrix  is  formed  in  the  site  of  the  infarct;  it  is  often  pigmented,  or 
flecked  with  shining  white  spots.  Large  infarcts  are  sometimes  imper- 
fectly reabsorbed,  so  that  the  cicatrix  encloses  a  necrotic  caseous  patch. 
If  bacteria  or  other  septic  virus  reach  the  seat  of  infarctioa,  purulent  or 
putrid  inflammation  may  be  set  up  instead  of  the  changes  just  described. 

See  Billroth  {Virch.  Arch.  vol.  33),  Cohnheim  {Uiitersuch.  ub.  d.  embol. 
Processe  Berlin  1873),  Litten  (Untersuch.  ub,  d.  hcem.  Infarct.  Berlin  1879). 
GuiLLEBEAU  {Die  Histologie  d.  licem.  Infarcts  In.  Diss.  Berne  1880),  Weigert 
(Virch.  Arch.  vol.  79),  Hamilton  {Liverpool  med.-chir.  Joiirn.  5,  1883;  the  exist' 
ence  of  the  red  or  haemorrhagic  form  is  questioned),  Orth  {Lehrb.  d.  spec.  path. 
Anat.  I.  Berlin  1883;  the  larger  infarcts  are  stated  to  be  nearly  always  of  the  an- 
semic  form).  English  authors  generally  refer  to  such  infarcts  as  fibrinous  blocks 
or  deposits. 


CHAPTER  XXI. 

DEGENERATIONS  AND  INJURIES  OF  THE  SPLEEN. 

325.  Simple  atrophy  of  the  spleen  occurs  chiefly  in  aged  or 
marasmic  patients,  especially  in  case  of  long-standing  anaemia.  The 
organ  is  small,  the  capsule  wrinkled  and  sometimes  thickened.  The 
pulp  seems  loose  and  pale;  and  the  trabecule  stand  out  sharply.  Under 
the  microscope  the  cells  of  the  pulp  are  seen  to  be  scanty  and  the  blood- 
vessels imperfectly  filled. 

Amyloid  defeneration  is  the  most  notable  of  the  retrogressive 
processes  affecting  the  spleen;  two  forms  of  amyloid  spleen  are  distin- 
guished— the  '  sago  '  spleen,  and  the  '  bacon '  spleen. 

In  the  sago  spleen  the  malpighian  follicles  are  the  seat  of  the 
amyloid  change.  The  spleen  is  generally  somewhat  enlarged  and  firmer 
than  is  normal.  In  the  brownish-  or  grayish-red  pulp  lie  light-brown 
hyaline  translucent  grains  like  boiled  sago,  somewhat  larger  than  the 
normal  follicles.  When  dilute  solution  of  iodine  is  poured  over  the  pre- 
viously-washed surface,  the  grains  become  deeply  stained  of  a  brownish- 
red  color  :  a  section  steeped  for  a  short  time  in  methyl- violet  and  then 
washed  in  alcohol  containing  a  little  hydrochloric  acid  shows  the  grains 
red  on  a  bluish  ground. 

The  uniformly  lardaccous  or  bacon  spleen  is  in  general  very  con- 
siderably enlarged,  and  firm  and  resistant  to  the  touch.  On  section  the 
pulp  shows  diffuse  or  continuous  patches  which  are  hyaline  or  translu- 
cent, resembling  somewhat  the  fat  of  fried  bacon.  Sometimes  the 
greater  part  of  the  pulp  is  thus  transformed,  the  normal  tissue  appearing 
in  scattered  islets  only. 

The  amyloid  change  mainly  affects  the  trabecula3  and  the  walls  of  thft 
venous  sinuses.  The  lymphoid  elements  of  the  follicles  and  the  pulp- 
cells  are  affected  secondarily.  Amyloid  trabeculse  swell  up  greatly  anCr 
become  nodulated  or  varicose.  The  ceils  lying  in  the  interstices  become 
atrophied  and  so  perish;  it  is  possible  that  some  of  them  may  be  trans- 
formed into  amyloid  substance.  Arteries  whose  lymphoid  sheaths  arG 
degenerate  may  themselves  either  be  free  from  change,  or  may  degener&cc 
in  like  manner.  When  the  pulp  becomes  amyloid  the  walls  of  the  cap- 
illaries and  venules  become  thickened  and  degenerate. 

See  ViRCHOW  {Virch.  Arch.  vol.  8),  Kyber  {ibid.  vol.  81,  with  rete^srlceisX, 
Eberth  {ibid.  vols.  80,  84). 
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326.  Kupture  of  the  spleen  may  occur  spontaneously  wnen  the  organ 
becomes  abnormally  enlarged.  Traumatic  rupture  is  more  common,  and 
may  occur  in  a  healthy  spleen  or  in  one  which  has  already  undergone 
morbid  change.  Ruptures  of  any  considerable  size  are  followed  by  very 
grave  hsemorrhage.  If  the  haemorrhage  is  stayed  by  the  formation  of  a 
thrombus  filling  the  rent,  the  wound  may  heal  as  in  other  organs;  the 
clot  is  gradually  absorbed  and  a  scar  tr.kes  its  place.  The  same  process 
takes  place  in  other  wounds  of  the  spleen.  Death  sometimes  ensues  not 
from  primary  hsemorrhage  but  from  suppurative  inflammation  set  up  in 
the  wounded  tissue. 


CHAPTER  XXII. 

INFECTIVE  GRANULOMATA  OF  THE  SPLEEN. 

327.  Tubercle  is  very  frequently  found  in  the  spleen.  In  attacks  of 
general  miliarytuberculosis  miliary  tubercles  are  nearly  always  developed 
both  in  the  parenchyma  and  in  the  capsule.  In  chronic  tuberculosis 
such  tubercles  as  may  happen  to  be  produced  in  the  spleen  give  rise 
to  caseous  nodes  of  various  sizes.  The  tubercles  are  seated  in  the  mal- 
phigian  follicles,  in  the  lymphoid  sheaths  of  the  vessels,  and  in  the  pulp. 
They  may  consist  entirely  of  small  cells  or  be  caseous  in  the  centre,  ac- 
cording to  their  age. 

Gummata  rarely  develop  in  the  spleen,  though  they  are  sometimes 
met  with  in  both  congenital  and  acquired  syphilis.  They  may  be  single 
or  multiple,  and  form  gray  and  translucent  or  yellow  and  opaque  nodes 
with  grayish  margins,  according  to  their  age.  The  grayish  margin  con- 
sists of  cellular  granulation-tissue,  which  is  stained  intensely  with  color- 
ing reagents,  and  passes  gradually  into  the  normal  tissue  of  the  pulp. 

Syphilis  may  also  manifest  itself  by  a  general  hyperplastic  enlarge- 
ment of  the  spleen,  which  is  observed  mainly  in  the  congenital  form  of 
the  disease.  The  spleen  of  a  new-born  infant  weighs  about  nine  grammes 
or  0.3  per  cent  of  the  body- weight ;  in  syphilitic  infants  the  average 
weight  of  the  spleen  is,  according  to  Birch-Hirschfeld,  some  fourteen 
grammes  or  0.7  per  cent  of  the  body-weight.  Its  stroma  is  increased  in 
amount,  and  the  sheaths  of  the  arteries  infiltrated  with  cells.  Birch- 
Hirschfeld  found  oil-globules  and  pigment-granules  in  the  constituent 
cells  of  the  pulp. 

On  syphilis  of  the  spleen  see  Weil  (Arch.  f.  hlin.  Med.  xiii.),  Wever  {ihid. 
XVII.),  Barensprung  {Die  hereditdre  Syphilis  Berlin  1864),  Wagner  [Arch.  d. 
Heilk.  IV.),  Mosler  {Berl.  klin.  Woch.  1864),  Gee  {Brit.  Med.  Journ.  1,  1867), 
Gerhardt  {Lehrb.  d.  Kinderkrankh.),  Birch-Hirschfeld  {Arch.  d.  Heilk.  1875 
and  QerhardV s  Handb.  d.  Kinderkrankh.  iv.),  Baumler  {Ziemssen's  Cyclop,  iii., 
for  further  references),  Tepel,  {Path.  Anat.  d.hered.  Syph.  In.  Diss.  Berlin,  1874), 
Rarlow  {Path.  Soc.  Trans.  1877). 


OHAPTEE  XXIII. 

HYPERPLASIAS   AND  TUMORS   OF  THE   SPLEEN. 

328.  We  have  already  (Art.  331)  referred  to  yarious  forms  of  enlarge- 
ment of  the  spleen  associated  with  acute  infective  diseases.  Such  enlarge- 
ments are  partly  due  to  an  increase  of  the  pulp,  and  partly  to  an  increase 
in  the  fibrous  framework.  But  there  is  another  and  very  important  form 
of  splenic  hyperplasia,  whose  getiology  is  altogether  obscure,  although 
it  constitutes  a  grave  disease. 

This  form  of  hyperplasia  usually  extends  over  the  entire  spleen  ;  it  is 
rarely  limited  to  isolated  patches.  So  far  as  is  known  the  affection  com- 
mences with  an  increase  of  the  parenchyma  as  a  whole,  the  constituent 
elements  undergoing  a  general  hyperplasia.  The  tissue  is  bright-red  and 
soft,  while  the  follicles  are  not  separately  distinguishable.  In  a  much 
rarer  form  of  the  disorder  the  malpighian  follicles  become  hypertrophied, 
and  stand  out  as  grayish  nodules  or  in  white  lobulated  clusters. 

As  the  parenchyma  increases  in  size  the  originally  soft  tissue  becomes 
firmer,  and  at  the  same  time  paler.  The  follicles  are  often  still  unen- 
larged,  but  they  may  at  this  stage  become  hypertrophied  and  form  whit- 
ish nodes  and  clusters  of  considerable  size.  The  capsule  is  in  general 
somewhat  thickened  and  beset  with  coarse  fibrous  patches  of  various 
sizes ;  and  adhesions  are  often  formed  with  the  surrounding  organs. 
The  enlargement  thus  brought  about  may  be  very  remarkable,  the  weight 
of  the  spleen  sometimes  reaching  three  or  four  kilogrammes. 

In  the  earlier  stages  the  hyperplastic  enlargement  of  the  pulp  and 
follicles,  in  so  far  as  it  is  independent  of  the  amount  of  blood  present  in 
the  spleen,  is  due  to  an  increase  in  the  number  of  the  constituent  cells. 
When  the  follicles  develop  into  nodes  of  any  size  they  compress  the 
spleen-pulp  between  them,  and  it  often  becomes  atrophied  in  conse- 
quence. It  is  then  found  to  contain  fatty  cells  and  pigment-granules 
either  free  or  enclosed  in  other  cells.  The  section  thus  assumes  a  deli- 
cately mottled  and  speckled  appearance,  the  brown  and  yellow  atrophied 
and  pigmented  pulp  alternating  with  grayish  and  yellowish  follicular 
nodules.  The  disorders  of  circulation  consequent  on  these  textural  alte- 
rations often  lead  to  the  formation  of  haemorrhagic  infarcts,  and  these 
according  to  their  age  appear  as  red,  brown,  or  yellow  patches. 
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In  old  hyperplastic  spleens  the  enlarged  follicles  are  found  to  have 
lost  their  original  structure,  and  form  fibro-cellular  masses  without  any- 
clear  traces  of  the  reticular  or  lymphadenoid  type.  The  pulp  itself  may 
become  more  or  less  fibrous. 

The  changes  just  described  may  occur  primarily  in  the  spleen,  or  may 
follow  upon  like  changes  in  the  lymphatic  glands  and  bone-marrow  (Art. 
344).  In  the  former  case  a  similar  afEoction  of  the  lymphatic  glands  is 
associated  with  the  primary  affection  of  the  spleen.  Afterwards  tumors 
consisting  of  lymphadenoid  tissue  may  form  in  organs  which  normally 
contain  none  of  it. 

The  splenic  as  well  as  the  lymphatic  hyperplasia  is  very  often  associ- 
ated with  leukcemia  (Art.  260),  and  is  therefore  often  referred  to  as 
leuliaemic  hyperplasia.  If  no  leukaemia  exists,  the  affection  is  described 
as  psaudoleukagmia  or  Hodgkin's  disease,  or  as  splenic  (or  lymphatic) 
ansemia.  The  latter  description  refers  to  the  fact  that  patients  suffering 
from  the  affection  become  profoundly  anaemic  and  ultimately  die  of  anse- 
mic  exhaustion. 

We  know  nothing  of  the  cause  of  leukemic  or  pseudoleukaemic  hyperplasia  of 
the  spleen.  In  some  cases  the  affection  has  been  preceded  by  some  form  of  in- 
jury or  infective  disease,  in  other  cases  there  has  been  nothing  of  the  kind.  We 
are  as  little  able  to  say  whether  or  not  the  two  forms  are  identical.  Their  iden- 
tity would  seem  to  be  indicated  by  the  fact  that  they  show  no  anatomical  differ- 
ences, and  that  one  form  may  pass  into  the  other.  The  affection  may  occur  at 
any  age. 

Wlien  the  process  begins  in  the  lymphatic  glands' (as  in  so-called  adenia)  and 
attacks  the  spleen  secondarily,  it  is  the  lymphoid  follicles  of  the  spleen  which 
first  exhibit  a  hyperplastic  multiplication  of  their  cells. 

References:— Art.  344;  Hodgkin,  3Ied.  cMr.  Trans,  xvii.  (1832);  Virchow, 
Virch.  Arch.  xo\.  5,  and  Gesamm.  Abhand.  1856;  Mosler,  Path,  and  Therap.  d. 
ieiiMmie  Berlin  1872,  with  references  to  the  earlier  literature  of  the  subject; 
PoNFiCK,  Virch.  Arch.  vols.  56,  58;  Birch-Hirschfeld,  Gerhard fs  Handb.  d. 
Kinderkrankh.  in.;  Cohnheim,  Virch.  Arch.  vol.  33;  Trousseau,  Clinical  3Iedieine 
(New  Syd.  Soc.)  v.;  Eberth,  Virch.  Arch.  vol.  51;  Langhans,  Virch.  Arch.  \ol. 
54,  CoRNiL  and  Ranvier,  Ilan.  Path.  Hist,  i.;  MuRcnisoNand  Sanderson,  Trans. 
Path.  Soc.  1869-70,  with  cases  and  references;  Greenfield,  Gowers,  ibid.  1878; 
WiLKS,  Guy's  Hosp.  Rep.  1865,  Lancet  1,  1878. 

329.  If  we  leave  out  of  account  the  hyperplastic  enlargements  of  the 
spleen  just  described,  which  resemble  the  true  tumors  in  several  respects 
and  especially  in  the  occurrence  of  associated  metastatic  growths,  we 
find  that  primary  neoplastic  tumors  of  the  spleen  are  very  rare.  Fi- 
broma, sarcoma,  and  angioma,  have  been  met  with.  Langhajs^s  has  de- 
scribed ( Virch.  Arch.  vol.  75)  a  case  where  an  injury  was  followed  by 
the  growth  of  a  pulsating  cavernous  angioma  of  the  spleen  with  metasta- 
ses in  the  liver,  the  splenic  growth  occupying  nine-tenths  of  the  already 
greatly  enlarged  bulk  of  the  organ.  Dermoid  tumors  are  likewise  very 
rare.     Cysts  containing  blood  or  serous  liquid  are  sometimes  met  with. 

Metastatic  growths,  especially  carcinomata,  are  more  common  than 
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the  primary  forms;  secondary  carcinoma  usually  taking  the  form  of 
rounded  nodules. 

Pentastoma  (Art.  225)  is  the  commonest  of  the  animal  parasites 
infesting  the  spleen.  It  forms  nodes  as  large  as  a  pea,  which  are  usually 
calcified.     Echinococci  and  cysticerci  are  also  occasionally  met  with. 


CHAPTER  XXIY. 

ATROPHY  AND  DEGENERATION   OF  THE   LYMPHATIC 

GLANDS. 

330.  The  lymphatic  glands  stand  to  the  lymphatic  system  some- 
what in  the  same  relation  as  the  spleen  to  the  blood-vessels.  The  glands 
may  be  described  as  masses  of  lymphadenoid  tissue  (that  is  to  say,  of 
reticular  fibrous  tissue  containing  lymphoid  cells  in  its  meshes)  aggre- 
gated here  and  there  around  the  lympli-channels.  They  contribute  to 
the  lymph  the  lymphoid  elements  produced  in  their  follicular  mesh- 
work,  and  perhaps  exert  upon  it  some  chemical  influence"  besides. 

The  lymph  passing  through  the  glands  is  derived  from  a  threefold 
source.  The  chief  source  is  the  transudation  from  the  blood.  This 
permeates  the  tissues,  giving  up  to  them  some  of  its  constituents  and 
taking  up  from  them  some  products  of  their  metabolism:  while  at  many 
points  of  the  body,  and  especially  at  the  absorbing  mucous  surfaces, 
substances  enter  and  mingle  with  the  lymph  which  are  originally  derived 
from  without  the  body. 

From  the  normal  sources  of  the  lymph  the  lymphatic  glands  may  in 
like  manner  receive  noxious  matters;  and  these  may  be  such  as  to  induce 
more  or  less  grave  disorders  of  function,  and  even  of  anatomical  struc- 
ture. Thus  the  lymphatic  glands  are  liable  to  secondary  disease,  follow- 
ing upon  primary  disease  of  the  tissues  whence  their  lymph  is  derived. 

In  addition  to  these  the  lymphatic  glands  are  subject  to  various  forms 
of  independent  disease,  which  are  partly  retrogressive  and  partly  progres- 
sive or  constructive  in  their  nature. 

331.  Simple  atrophy.  In  advanced  age  the  lymphatic  tissues 
generally  are  observed  to  undergo  senile  diminution  ;  the  lymphatic 
glands  become  smaller,  and  the  lymphadenoid  tissue  of  the  mucous 
membranes  becomes  scantier.  The  thymus  gland,  which  is  of  the  same 
nature,  dwindles  away  in  the  early  years  of  life. 

The  decrease  in  the  volume  of  the  lymphatic  tissues  is  due  to  a  di- 
minution in  the  number  of  their  lymphoid  elements.  In  the  case  of 
the  thymus  these  elements  disappear  wholly,  and  the  remaining  connec- 
tive tissue  becomes  transformed  into  fat. 

This  general  physiological  retrogression  may  be  imitated  under  mor- 
bid conditions,  especially  in  the   general  marasmus   of  children  ;  but 
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wasting  of  the  lymphatic  tissues  may  also  follow  upon  localized  disease. 
The  mesenteric  glands  are  those  most  apt  to  atrophy. 

In  such  cases  the  lymphoid  elements,  and  chiefly  those  of  the  medul- 
lary cylinders,  are  the  first  to  disappear.  Sometimes  the  lymphoid  ele- 
ments entirely  disappear  and  the  reticulum  is  changed  into  adipose 
tissue,  beginning  at  the  hilum.  Atrophied  lymphatic  glands,  if  not  mor- 
bidly pigmented,  have  a  light  gray  tint  and  are  usually  firmer  than  is 
normal  :  when  transformed  into  fatty  tissue,  the  change  is  sufficiently 
apparent. 

332.  Amyloid  degeneration  of  the  lymphatic  glands  is  a  common 
affection.  Usually  other  organs  are  afliected  by  it  at  the  same  time  ;  it 
is  rarely  confined  to  the  glands  alone.  When  it  is,  the  cause  is  nearly 
always  some  chronic  suppuration  within  the  territory  whence  the  lymph- 


FiG.  133.    Amyloid  swi^lling  of  the  adenoid  reticulum. 
[{After  EBERTH :  methyl-violet  staining :  X  350.) 


a,  normal  reticulum. 
6,  swollen  reticulum, 
c,  unaltered  nucleus. 


d,  degenerate  nucleus. 

e,  normal  lymphoid  corpuscle. 

f,  atrophied  lymphoid  corpuscle. 


supply  of  the  affect  glands  is  drawn.  If  the  amyloid  change  is  at  all 
advanced  it  is  often  distinguishable  by  the  dull  grayish  tint  and  firm 
consistence  of  the  glands  on  section  ;  to  make  certain  however,  we  must 
employ  the  iodine  or  methyl-violet  reaction,  or  examine  the  glands  mi- 
croscopically. When  they  are  really  amyloid  the  iodine  brings  out  brown- 
ish-red flakes  and  patches  in  the  lymphoid  tissue  or  on  the  walls  of  the 
blood-vessels.  Sometimes  the  sinuses  are  most  affected  :  in  other  and 
more  usual  cases  it  is  the  follicles  and  interfollicular  septa.  The  capsule 
is  frequently  more  or  less  thickened. 

When  a  markedly  amyloid  lymphatic  gland  is  closely  examined,  it 
gives  one  the  impression  that  the  masses  of  amyloid  substance  are  partly 
the  lymphoid  corpuscles  transformed  into  shining  blocks,  and  partly  the 
reticulum  and  septa  which  have  become  swollen  and  hyaline.     Eberth 
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however  has  shown  {Virch.  Arch.  vol.  80)  that  the  lymphoid  corpus  es 
very  rarely  if  indeed  ever  take  part  in  the  amyloid  change.  The  shining 
anivloid  blocks,  which  are  of  about  the  same  size  as  the  corpuscles,  are 
really  derived  from  the  degenerate  reticulum. 

The  process  of  degeneration  begins  with  a  hyaline  thickening  of  the 
reticular  trabeculse  (Fig.  133  a).  Then  the  trabeculee  become  nodulated 
{h)  and  form  contiguous  blocks  or  lumps.  The  nuclei  of  the  reticulum 
(c)  often  remain  unaltered  for  an  astonishingly  long  time.  They 
ultimately  become  very  pale  {cl),  cease  to  stain  blue  with  methyl-violet, 
and  then  break  up  and  disappear.  The  lymphoid  corpuscles  diminish  in 
proportion  as  the  reticulum  thickens,  and  may  here  and  there  disappear 
entirely.  In  the  larger  vessels  it  is  chiefly  the  media  which  is  affected, 
in  the  capillaries  it  is  the  adventitia. 

Hyaline  degeneration  of  the  lymphatic  glands  has  quite  recently  been 
described  by  Coenil;  it  has  a  certain  resemblance  to  amyloid  change  but  is 
essentially  distinguished  from  it  by  the  absence  of  the  reaction  with  iodine  and 
methyl-violet  (Art.  63).  The  change  in  some  instances  affects  mainly  the  blood 
vessels  of  the  gland  (Wieger,  Vwch.  Arch.  vol.  78),  which  are  transformed  into 
hyaline  tubes  by  the  thickening  of  their  walls  and  the  narrowing  of  their  channel. 
In  other  cases  hyaline  masses  are  formed  from  the  reticular  cells;  the  hyaline 
masses  are  probably  related  to  the  colloid  substance  (Art.  56).  Their  presence  is 
recognizable  by  the  whitish  somewhat  opaque  trabeculaa  which  run  through  the 
grayish-red  tissue  of  the  gland.  Calcification  often  sets  in  when  the  degeneration 
reaches  a  certain  stage. 

There  is  another  variety  of  homogeneous  degeneration  which  deserves  men- 
tion. It  is  met  with  chiefly  in  glands  which  are  the  seat  of  larged-celled 
hyperplasia  (Art.  340),  or  of  tubercle  (Art.  342).  It  was  shown  in  Art.  39  that  this 
variety  of  degeneration  is  closely  allied  to  caseation  (Art.  333).  Some  authorities 
(such  as  Arnold,  Virch.  Arch.  vol.  87)  see  in  it  a  special  kind  of  degeneration, 
which  only  in  its  advaiiced  stages  leads  to  caseation. 

Reference: — Cornil,  Journ.  de  Vanat.  etdelaphys.  1878;  Cornil and Ranvter, 
Man.  Path.  Hist.  vol.  i.;  Wieger,  Virch.  Arch.  vol.  78;  Peters,  Virch.  Arch. 
vol.  87;  Vallat,  Virch.  Arch.  vol.  89;  Virchow,  ibid.  vols.  85,  89. 

333.  Fatty   degeneration,   calcification,    and   necrosis  of  the 

lymphatic  glands  occur  mainly  as  consequences  of  inflammatory  disease. 
Fatty  change  and  soft  caseous  necrosis  are  best  exemplified  in  connection 
with  the  specific  inflammations  of  scrofula  and  tuberculosis.  A  lym- 
phatic gland  already  altered  or  enlarged,  and  it  may  be  pigmented,  ex- 
hibits on  section  one  or  more  isolated  caseous  foci,  or  is  transformed 
entire  into  an  opaque  white  cheesy  mass  contained  in  a  fibrous  capsule. 
In  later  stages  such  glands  may  take  up  fluid  and  become  diffluent  or 
liquefied,  or  they  may  become  calcareous. 

The  second  or  firm  variety  of  caseous  necrosis  begins  as  a  homogene- 
ous degeneration.  It  occurs  mainly  in  hyperplastic  (Art.  340)  and 
tuberculous  (Art.  342)  glands,  which  often  have  a  glassy  or  translucent 
appearance  even  to  the  naked  eye.  The  process  is  found  on  examination 
to  start  in  a  uniform  or  homogeneous  transformation  of  the  entire  tissue, 


462 


THE    SPLEEN    AND    THE    LYMPHATIC    GLANDS. 


or  of  single  cells  in  it,  which  take  the  form  of  shining  flakes  or  lumps 
and  gradually  lose  their  nuclei.  If  the  tissue  so  changed  passes  on  into 
the  soft  variety  of  caseation,  it  breaks  up  into  a  granular  friable  mass. 

Necrotic  patches,  made  up  of  grayish  friable  moist  tissue,  are  formed 
in  the  glands  generally  after  acute  inflammatory  swelling,  such  as  often 
accompanies  typhoid   fever  and   diphtheria.     The  lymphoid  cells  are 


Fig.  134.    Chalky  concretions. 
a,  from  an  inflamed  omentum.  b,  from  a  tuberculous  lymphatic  gland. 


partially  transformed  into  pale  denucleated  lumps,  which  speedily  dis- 
integrate. 

Such  patches  may  go  on  to  gangrenous  putrefaction;  or  losing  fluid 
may  become  condensed  and  cheesy-looking.  In  the  latter  case  calci- 
fication often  follows,  and  the  entire  gland  may  be  transformed  into  a 
chalky  or  mortar-like  mass. 

Stratified  concretions  (Fig.  134  i)  not  infrequently  take  the  place  of 
diffuse  calcareous  deposits.  They  are  especially  common  in  connection 
with  tuberculous  disease,   i 


OHAPTEE   XXTII. 

FOREIGN  SUBSTANCES    IN  THE  LYMPHATIC  GLANDS. 

334.  Minutely  divided  foreign  substances  which  have  gained  access 
to  the  lymphatic  vessels  are  intercepted  and  retained  for  a  longer  or 
shorter  time  in  the  glands.  Thus  after  hgemorrhage  into  the  tissues  the 
red  corpuscles  or  their  remains  are  conveyed  to  the  glands,  and  deposited 
there  v^'ithin  the  carrier-cells. 

At  first  these  carrier-cells  with  the  corpuscles  or  pigment  (hydrated 
ferrous  oxide.  Art.  268)  they  contain  are  met  with  mainly  in  the  sinuses 
(Fig.  135);  but  afterwards  they  enter  the  follicles.  Occasionally  the 
deposit  may  be  so  large  that  the  proper  structure  of  the  gland  is  obscured 
by  it.  The  appearance  of  the  gland  is  altered  greatly,  and  it  may  be 
stained  dark  brownish-red  or  russet,  so  as  occasionally  to  recall  the  look 
of  the  spleen-pulp,  especially  when  the  coloring-matter  of  the  blood  in 
solution  passes  into  its  substance  as  well  as  the  insoluble  pigment. 


Fig.  135.    Section  op  a  lymphatic  gland  containing  pigment-granule  cells. 

{Carviine  staining :  X  80.) 

a,  follicle.  b,  trabeculse.  c,  pigment-granule  cells. 

Other  substances  may  in  like  manner  be  retained  in  the  glands,  and 
if  they  have  any  proper  color  the  gland  of  course  becomes  pigmented. 
The  most  familiar  instance  is  the  gray  or  black  pigmentation  of  the 
bronchial  glands  by  matters  inhaled  with  the  air  as  dust.  When  blue  or 
red  colors  have  been  used  in  tattooing  the  skin,  the  glands  which  receive 
the  corresponding  lymphatics  are  often  found  after  a  time  to  contain 
some  of  the  insoluble  pigment. 
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See  VmcHOW  {Cellular-pathologie  4th  ed,  p.  334,  Virch.  Arch.  vol.  35),  Bill- 
roth (Beitrdge  z.  path.  Hist.  (1858)  p.  135,  Virch.  Arch.  vol.  31),  Rebsamen 
{Virch.  Arch,  vol,  34),  Orth  {Virch.  Arch.  vol.  61),  Hindenlang  {Virch.  Arch. 
vol.  79),  SoYKA  {Prag.  med.  JVoch.  1878),  vON  Ins  {Arch.  f.  exp.  Path,  v.) 
'Ke.l.scb.  {Arch,  de  physiol.  ISI^).   '    ' 

335.  The  consequences  of  foreign  deposit  in  the  glands  dejaend  on 
ifcs  amount  and  on  its  physico-chemical  nature.  Many  substances,  such 
as  calcium  carbonate,  are  dissolved;  others  like  coal-dust,  stone-dust,  or 
cinnabar  remain  and  lead  to  permanent  pigmentation.  They  lie 
enclosed  in  lymphoid  cells  (Fig.  136  c),  or  lodged  in  the  reticulum  and 
trabeculse.     If  the  amount  present  is  small  the   changes  induced  are 


Fig.  136.    Section  or  a  slati.  oolorcd  BRO^CHIAL  gland. 

(Carmine  staining  :   X  350.) 

a,  reticulum  of  large  cells,    b,  flbrillated  connective  tissue, 

c  c',  pigment-carrying  cells. 

trifling;  larger  amounts  lead  to  the  shrinking  of  the  gland.  The 
lymphoid  elements  dwindle  and  disappear,  while  the  meshes  of  the  reti- 
culum become  filled  with  pigment-carrying  cells  (Fig.  136  c  and  c')  and 
free  pigment.  The  reticulum  may  be  unaltered,  or  in  part  hyperplastic 
(a),  in  which  case  it  is  made  up  of  juicy  branching  and  anastomosing 
cells.  Dense  fibrillated  connective  tissue  {!))  is  often  formed  in  places, 
and  this  too  contains  pigment. 

Chemically  active  substances  have  of  course  a  very  different  effect,  as 
also  such  living  micro-organisms  as  may  reach  the  glands.  They  usually 
set  up  more  or  less  violent  inflammation,  and  not  infrequently  lead  to 
necrosis. 
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336.  Acute  lymphadenitis.  Acute  inflammation  of  the  lymphatic 
glands  is  usually  set  up  by  irritants  brought  to  them  by  the  lymph.  In 
many  cases  the  irritant  can  be  proved  to  be  bacterial,  in  other  instances 
its  nature  cannot  be  ascertained.  An  inflamed  gland  is  swollen,  and 
often  greatly  swollen.  On  section  it  appears  red,  and  moister  and  softer 
than  usual,  and  it  often  contains  haemorrhagic  patches.  The  abnormal 
redness  may  be  confined  to  the  cortex,  or  extend  also  to  the  medulla. 
During  the  later  stages  the  redness  decreases  again;  and  the  section  be- 
comes mottled,  or  uniformly  grayish,  yellowish,  or  white.  The  condi- 
tion of  the  tissue  varies  with  these  changes  of  tint.  Where  it  is  red,  the 
blood-vessels  are  dilated  and  distended  with  blood;  the  reticulum  both 
without  and  within  the  follicles  being  likewise  distended  with  cells  and 
liquid,  while  red  corpuscles  are  often  found  lying  free  in  the  parenchyma. 
Where  the  tissue  is  pale,  the  accumulation  of  colorless  cells  has  gone 
on,  while  the  hypersemia  has  diminished.  The  reticulum  is  seldom  nota- 
bly altered  at  fiirst,  but  as  the  inflammation  proceeds  it  usually  breaks 
down  here  and  there.  The  number  of  glands  affected  by  the  same  in- 
flammation varies  much ;  sometimes  a  single  one,  sometimes  an  entire 
group,  is  attacked. 

It  is  difficult  to  determine  with  certainty  the  source  of  the  leucocytes  which 
gather  in  the  reticulum  of  an  inflamed  lymphatic  gland.  The  lymphoid  cells  of 
the  follicles  normally  multiply  by  subdivision,  and  it  is  possible  that  in  inflam- 
matory conditions  the  multiplication  may  be  increased.  But  we  cannot  exclude 
the  possibility  that  part  at  least  of  the  intruding  leucocytes  are  derived  from  the 
lymphatics  or  blood-vessels. 

337.  The  further  stages  and  terminations  of  the  acute  inflamma- 
tion are  different  in  different  cases.  It  may  end  in  resolution  and 
complete  restoration,  or  in  necrosis,  gangrene,  caseation,  suppuration,  or 
fibrous  induration.  But  before  reaching  such  terminations  certain 
changes  pass  over  the  lymphoid  elements.  Many  become  fatty  and 
break  up  into  mere  lumps  of  detritus;  others  undergo  coagulative  ne- 
crosis and  change  into  pale  turbid  denucleated  masses,  or  into  granular 
flakes  of  fibrin.  Others  again  are  enlarged  as  if  by  dropsical  swelling  ; 
or  take  on  the  appearance  of  formative  or  fibroblastic  cells,  being  large 
and  granular  and  having  bright  vesicular  nuclei  containing  nucleoli. 
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Then  there  are  large  cells  containing  within  them  other  lymphoid  cells 
or  red  corpuscles  or  fragments  of  these,  and  incorrectly  called  '  brood- 
cells.'  Lastly  there  are  numbers  of  pus-corpuscles,  with  their  nuclei 
broken  into  two  or  more  fragments.  These  changes,  only  recognizable 
with  the  aid  of  the  microscope,  are  variously  combined  in  different  cases; 
they  are  followed  by  the  more  obvious  transformations. 

When  resolution  occurs  the  altered  leucocytes  are  re-absorbed  and 
disappear.  The  gland  becomes  flaccid,  and  again  appears  hypereemic ; 
it  then  gradually  resumes  its  normal  condition.  In  sappuration  patches 
of  yellowish- white  softening  appear,  and  the  tissue  within  them  breaks 
down  and  liquefies.  Not  infrequently  the  entire  gland  breaks  down  in 
like  manner  forming  what  is  called  a  suppurating  foubo,  and  the  inflam- 
matory process  then  attacks  the  neighboring  tissues.  If  the  gland  is 
near  the  surface  of  the  skin  redness  and  swelling  are  observed  over  the 
site  of  the  bubo.  The  suppurating  gland  may  then  break  into  the  sur- 
rounding tissue,  or  outwardly  if  it  be  superficial.  In  other  instances  the 
pus  is  partly  absorbed,  and  the  rest  becomes  condensed  into  a  caseous  mass. 
In  both  cases  plastic  inflammation  is  induced  round  the  seat  of  suppura- 
tion; and  fibrous  tissue  is  developed  round  the  remaining  portions  of  the 
gland,  if  there  be  any,  thus  leading  to  induration  ;  or  round  the  caseous 
residue,  which  is  thereby  encapsuled.  When  the  gland  becomes  ne- 
crosed, parts  or  the  whole  of  the  gland  die  outright,  take  on  a  dull 
gray  tint,  and  become  very  friable  or  'rotten.'  If  putrefaction  fol- 
lows, the  tissue  becomes  dirty,  foul-smelling,  and  semi-liquid.  When 
the  tissue  was  before  highly  hyperaemic  or  saturated  with  extravasated 
blood,  the  color  of  the  necrosed  gland  may  be  slaty  or  even  black.  Ne- 
crotic and  putrefactive  processes  of  this  kind  of  course  set  up  inflamma- 
tory and  destructive  change  in  the  surrounding  tissues.  The  oblitera- 
tion and  induration  of  the  gland  require  longer  time.  They  are  the 
result  of  defective  reproduction  of  the  lymphoid  elements  and  excessive 
|)roduction  and  substitution  of  fibrous  tissue,  and  properly  come  under 
the  head  of  chronic  inflammation  (Arts.  338-341).  Caseation  likewise 
belongs  strictly  to  the  domain  of  the  chronic  inflammatory  processes. 

338.  Chronic  lymphadenitis.  The  chronic  inflammations  of  lymph- 
atic glands  are  in  general  accompanied  by  increase  of  their  bulk,  due  to 
the  formation  in  them  of  new  cellular  tissue.  This  tissue  is  generally  very 
unstable  and  reaches  only  the  lowest  stage  of  organization;  it  is  indeed 
scarcely  correct  to  describe  it  as  tissue  at  all.  Less  often  it  becomes 
more  fully  developed,  and  then  it  is  more  permanent  in  its  character. 
Its  structure  usually  bears  little  resemblance  to  that  of  normal  lymphoid 
tissue,  and  often  is  so  like  neoplastic  or  tumor  tissue  that  it  is  difficult 
for  the  histologist  to  be  sure  whether  an  enlarged  lymphatic  gland  is  really 
a  tumor  or  merely  a  hyperplasia.  The  diagnosis  in  such  cases  depends 
much  more  on  the  clinical  facts  than  on  the  structural  appearances. 

The  tumor-like  enlargements  of  the  glands  met  with  in  chronic  lymph- 
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adenitis  are  divisible  into  four  groups  according  to  their  liistological 
structure:  (1)  small-celled  hyperplasia  with  a  tendency  to  caseation  or 
suppuration,  commonly  described  as  scrofulous  lymphadenitis;  (2)  large- 
celled  indurative  hyperplasia;  (3)  trabecular  or  reticular  indurative 
hyperplasia;  (4)  tuberculous  enlargement. 

Clinically  all  these  varieties  are  referred  to  as  lymphoma. 

339.  Scrofulous  lymphadenitis,  or  small-celled  hyperplasia  of  the 
lymphatic  glands,  is  closely  related  to  ordinary  acute  lymphadenitis  and 
is  in  fact  often  a  terminal  stage  of  an  acute  inflammation,  though  it  gen- 
erally runs  throughout  a  subacute  or  chronic  course.  The  glands  swell 
to  a  considerable  size.  Sometimes  a  single  one  is  affected,  sometimes  an 
entire  group  such  as  the  cervical  or  mesenteric  glands. 

At  first  the  glands  are  soft  and  grayish  on  section;  then  caseous  foci 
develop,  or  the  whole  gland  is  changed  into  an  opaque  white  cheesy  mass, 
which  may  be  dry  or  pulpy  or  creamy  according  to  the  amount  of  water 
present.  The  tissue  surrounding  the  caseous  foci  is  in  the  early  stages 
soft  and  grayish,  consisting  of  lymphadenoid  tissue  infiltrated  with  in- 
flammatory products;  afterwards  though  still  cellular  it  appears  denser 
and  firmer  and  contains  a  considerable  amount  of  fibrous  tissue.  The 
capsule  of  the  gland  is  especially  liable  to  be  thickened. 

In  the  early  stages  the  chief  microscopic  change  Avhich  appears  is  the 
great  accumulation  of  small  leucocytes  in  the  meshes  of  the  adenoid  re- 
ticulum. Few  larger  cells  are  visible,  though  cases  differ  in  this  respect. 
Sometimes  a  number  of  epithelioid  cells  are  developed,  and  are  aggre- 
gated in  clusters;  and  now  and  then  giant-cells  appear.  The  reticulum 
itself  seems  little  altered  at  first;  but  later  on  it  breaks  down  here  and 
there.  When  necrosis  or  caseation  sets  in  the  usual  degenerative  meta- 
morphoses are  visible;  the  cellular  tissue  is  replaced  by  a  mass  of  detritus, 
and  only  the  nuclei  at  the  margins  where  the  dead  tissue  passes  into  the 
living  can  be  brought  out  by  staining  reagents.  In  recent  specimens  this 
marginal  zone  is  seen  to  contain  numbers  of  fatty  cells  and  pale  coagulated 
masses.  Occasionally  the  necrotic  disintegration  is  preceded  over  a 
greater  or  less  extent  by  uniform  homogeneous  degeneration. 

340.  Large-celled  indurative  hyperplasia  of  the  lymphatic  glands 
is  distinguished  by  the  transformation  of  the  normal  gland-tissue  into  a 
large-celled  tissue  having  none  of  the  characters  of  the  original  structure. 
The  large-celled  tissue  consists  in  part  of  close-packed  rounded  or  poly- 
gonal cells  (Fig.  137  h),  and  in  part  of  spindle-cells.  There  is  but  little 
intercellular  substance,  though  in  some  spots  distinct  patches  of  fibrous 
tissue  are  seen.  If  the  proper  lymphadenoid  tissue  has  not  entirely  dis- 
appeared, the  remaining  portions  of  it  form  reticulated  bands  («)  pervad- 
ing the  large-celled  tissue.  The  latter  stains  less  deeply  than  the  small 
cells  of  the  normal  lymphadenoid  tissue. 

The  process  of  transformation  begins  with  an  accumulation  of  leuco- 
cytes in  the  gland-tissue,  followed  by  the  development  of  epithelioid  cells 
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with  large  nuclei.  Only  a  few  patches  are  formed  at  first,  and  these  are 
chiefly  confined  to  the  follicles  and  trabeculas,  though  they  are  also  found 
in  the  lymph-sinuses.  The  development  of  the  large  cells  can  always 
be  made  apparent  in  sections  by  the  use  of  staining  reagents.  The  scat- 
tered patches  then  unite  into  more  or  less  extensive  ones,  though  at 
times  the  fusion  is  incomplete  and  the  gland  seems  made  up  of  isolated 
groups  of  large-celled  nodules.  We  may  thus  distinguish  a  diffuse  and 
a  nodular  variety  of  large-celled  hyperplasia.  The  latter  very  much 
resembles  tuberculous  change,  and  the  resemblance  is  occasionally  in- 
creased by  the  occurrence  of  giant-cells  within  the  nodules  (Art.  342). 

Hyperplastic  glands  of  the  kind  described  feel  firm  and  dense,  and 
may  reach  the  size  of  a  pigeon's  egg,  or  even  of  a  small  hen's  egg.  The 
section  looks  uniformly  grayish  and  somewhat  translucent;  after  exposure 


Fig.  137.    Large-cellkd  hyperplasia  of  a  lymphatic  gland. 

(Carmine  staining     Xl50.) 

a,  remnants  of  lymphadenoid  tissue.  b,  large  celled  tissue. 

c,  spindle-celled  tissue. 


to  the  air  it  becomes  brownish.  Little  fluid  can  be  obtained  from  it  by 
scraping.  In  the  nodular  form  of  the  affection  the  nodules  stand  out 
from  the  surrounding  tissue  by  virtue  of  their  tint  and  translucency. 
Soft  caseation  does  not  usually  follow  upon  large-celled  hyperplasia,  but 
homogeneous  or  hyaline  degeneration  is  common;  it  leads  to  the  entire 
destruction  of  the  cells,  and  must  be  reckoned  as  a  form  of  firm  caseation 
(Art.  39).  The  tissue  becomes  homogeneous  and  shining  and  loses  its 
nuclei,  or  seems  broken  up  into  hyaline  denucleated  blocks.  Now  and 
again  this  stage  passes  into  one  of  complete  disintegration  with  granular 
crumbling  of  the  tissue,  not  unlike  soft  caseation. 

341.  Fibrous  indurative  hyperplasia.  Hyperplasia  of  the  adenoid 
reticulum  has  already  been  referred  to  (Art.  335)  in  speaking  of  the  con- 
sequences of  long-continued  deposition  of  foreign  substances  in  the  glands. 
The  increase  of  fibrous  tissue  in  such  cases  is  however  but  slight,  when 
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compared  with  the  very  notable  fibrous  hyperphxsia  wliicli  may  result 
from  chronic  or  often -repeated  inflammation,  and  which  may  lead  not 
merely  to  induration  but  to  great  increase  in  the  size  of  the  gland.  The 
swellings  thus  produced  may  reach  the  size  of  a  hen's  egg,  or  more. 

The  capsule  and  fibrous  sei")ta  are  in  general  the  parts  most  thickened 
and  enlarge.d,  or  at  least  the  more  diffuse  hyperplasia  starts  with  them. 
The  hyperplasia  being  thus  due  to  the  formation  of  new  fibrous  tissue,  the 
affection  is  best  described  as  a  fibrous  hyperplasia  (or  *  elephantiasis ') 
of  the  gland,  and  we  may  distinguish  the  trabecular  or  interstitial 
from  the  diffuse  or  reticular  variety.  The  most  typical  examples  are 
found  in  cases  of  elephantiasis  of  the  skin  and  subcutaneous  tissue.  "When 
the  change  has  originated  in  the  capsule  or  septa,  the  section  of  the  gland 
is  seen  to  be  surrounded  by  a  broad  zone  of  fibrous  tissue,  and  the  grayish 
parenchyma  is  pervaded  by  lustrous  white  fibrous  bands. 
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Fig.  138.    Fibrous  hyperplasia  op  a  lymphatic  gland. 
(Hosmatoxylin  staining ;  X25.) 
a,  thickened  capsule.  6,  fibrous  bands  pervading  the  gland, 

c,  isolated  remnants  of  gland-tissue. 

pressed  by  glands  the  fibrous  framework  is  always  greatly  increased  in 
proportion  to  the  rest  of  the  tissue;  the  fibrous  septa  and  sheaths  of  the 
vessels  become  thick  fibrous  cords  (Fig.  138  5),  and  the  essential  paren- 
chyma is  reduced  to  isolated  patches  (c)  scattered  through  the  gland,  and 
compressed  by  the  fibrous  overgrowth. 

When  the  hyperplasia  is  more  generally  diffused,  the  gland  on  section 
has  a  uniform  light-gray  tint  and  is  uniformly  dense  and  firm. 

342.  Tuberculous  lymphadenitis  is  a  very  common  and  a  very 
noteworthy  affection.  The  tuberculous  bacillus  usually  reaches  the 
glands  by  way  of  the  lymphatics;  and  as  it  sets  up  tuberculous  disease  at 
its  point  of  entrance  into  the  body,  the  affection  of  the  glands  is  what  we 
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usually  speak  of  as  secondary.  But  cases  occur  in  which  the  initial 
affection  is  slight  or  transient,  and  so  may  escape  notice  altogether; 
while  the  glandular  affection  appears  to  be  j)rimary.  Thus  we  meet  with 
tuberculous  cervical  glands  in  patients  who  show  no  signs  of  tuberculous 
or  even  of  inflammatory  disorder  at  any  of  the  possible  points  of  entrance 
of  the  virus — conjunctiva,  nose,  tonsils,  pharynx,  ear,  etc. 

Tuberculous  glands  are  often  greatly  enlarged,  and  are  firm  and  fleshy 
in  texture;  the  section  being  light  grayish-red,  or  white,  or  yellow.  The 
separate  tubercles  are  only  to  be  made  out  by  close  examination,  or  with 
the  aid  of  a  lens;  they  form  small  grayish- white  translucent  nodules. 
When  they  become  caseous  and  so  turn  to  an  opaque  yellowish-white, 
they  are  more  easily  detected.    Sometimes  the  tissue  is  on  the  whole  more 
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Fig.  139.    Tdbercdlosis  of  a  lymph  a       gland. 
a,  fresh  tubercle.  Cj,  giant-cell  at  the  border  of  a  caseous  focus. 

Oj,  caseous  tubercle.  d,  large-celled  lymphadenoid  tissue  outside 

fe,  lymphadenoid  tissue.  the  tubercles. 

c,  giant  cell  in  the  centre  of  a  tubercle.  e,  lymphoid  cells. 

soft  and  juicy,  and  gray  or  grayish-red;  the  tubercles  appearing  as  light- 
gray  or  opaque  white  nodules,  or  aggregated  into  larger  caseous  foci. 
Now  and  then  no  tubercles  can  be  seen  by  the  naked  eye  at  all,  and  it  may 
even  be  that  the  appearance  of  the  gland  generally  is  altogether  normal. 
Tuberculous  glands  from  the  root  of  the  lung  are  usually  pigmented,  and 
not  infrequently  indurated  also. 

The  number  of  tubercles  "present  may  of  course  vary  greatly;  it  is 
often  very  large,  and  the  individual  tubercles  have  a  perfectly  typical 
appearance.  The  giant-cells  of  tubercle  (Fig.  139  c)  especially  can  be 
well  studied  in  such  glands. 

The  formation  of  a  tubercle  begins  with  an  accumulation  of  small 
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leucocytes  in  the  follicles  and  alveoli ;  and  epithelioid  cells  with  large  nuclei 
are  then  developed  out  of  the  leucocytes.  In  stained  preparations  this 
transformation  is  manifested  by  the  appearance  of  the  youngest  tuber- 
cles as  clear  spots  surrounded  by  a  zone  of  deeply-tinted  leucocytes 
(Pig.  139  a).  Giant  cells  (c)  sooner  or  later  appear;  and  ultimately  the 
tubercle  becomes  caseous,  the  central  parts  becoming  homogeneous  and 
denucleated  and  breaking  up  into  granular  detritus.  More  rarely  the 
caseation  precedes  the  formation  of  the  large  cells;  or  the  process  may 
end  with  the  stage  of  homogeneous  change  (Art.  333). 

The  region  outside  the  tubercle  is  often  infiltrated  with  small  cells,  the 
infiltration  extending  as  far  as  the  sinuses,  the  capsule,  or  the  fibrous 
tissues  of  the  hilum.  The  reticulum  is  either  unaltered  or  slightly 
thickened,  its  cells  seeming  to  be  somewhat  swollen.  Or  a  large-celled 
hyperplasia  of  the  lymphadenoid  tissue  (Fig.  139  d)  takes  place  in  patches 
outside  the  tubercles,  in  some  cases  leading  to  the  formation  of  coarse 
fibrous  tissue.     The  latter  occurs  chiefly  in  chronic  tuberculous  disease. 

The  glands  most  commonly  affected  with  tuberculosis  are  those  of  the 
mesentery,  the  root  of  the  lung,  and  the  neck*  the  other  glands  become 
tuberculous  much  less  frequently. 

The  actual  frequency  of  tuberculosis  of  the  lymphatic  glands  is  not  easily  de- 
termined by  mere  anatomical  investigation,  for  it  is  often  very  difficult  to  decide 
whether  a  given  glandular  affection  is  tuberculous  or  not.  The  large-celled 
hyperplasias  (Art.  340)  have  in  the  above  account  been  separated  from  the  tuber- 
culous affections  ;  but  it  is  not  unlikely  that  tuberculosis  may  assume  the  former 
type,  and  that  some  of  the  so-called  scrofulous  inflammations  of  the  glands  in 
vf^hich  no  typical  tubercles  can  be  found  are  really  due  to  the  invasion  of  the 
tuberculous  virus.  In  future  we  shall  no  doubt  be  able  to  settle  such  questions 
in  any  given  case  either  by  demonstrating  the  presence  or  absence  of  the  Bacillus 
tuberculosis,  or  by  testing  the  infective  character  of  the  morbid  material  by 
means  of  inoculation.  Tuberculous  lymphadenitis  is  apparently  a  very  common 
affection,  and  occurs  in  patients  otherwise  free  from  tuberculosis ;  that  is  to 
say,  it  may  remain  as  a  purely  local  affection. 

See  SCBXJPPEL.  {Die  Lymphdrusentuberculose,  Tubingen  1871),  Cornil  (Journ.  de 
Vanat.  norm,  et  path.  1878),  J.  Arnold  (Vireh.  Arch.  vol.  87),  Baumgarten 
{Samm.  klin.  Vortrdge  218),  Treves  {Scrofula  and  its  gland  diseases,  London 
1882),  Bergmann  {Gerhardt's  Handb.  d.  Kinderkr.  vi.),  Orth  [Lehrb.  d.  spec, 
path.  Anat.  I.). 

Syphilitic  inflammation  of  the  lymphatic  glands  (hard  bubo)  possesses  no 
distinctive  histological  characters.  The  accumulation  of  leucocytes  in  the  fol- 
licles, alveoli,  and  sinuses  is  usually  considerable,  and  the  capsule  and  tissue  of 
the  hilum  are  also  infiltrated  with  cells. 


OHAPTEE  XXIX. 

TUMORS  OF  LYMPHATIC  GLANDS. 

343.  The  non-inflammatory  tumors  of  the  lymphatic  glands  fall  into 
two  main  groups,  according  to  their  histological  structure.  The  first 
group  includes  all  growths  whose  general  type  is  that  of  normal  lympha- 
denoid  tissue;  the  second  includes  those  in  which  the  normal  tissue  is 
displaced  by  tissue  of  a  different  kind.  The  tumors  of  the  first  group 
are  variously  known  as  lymphomata,  lymphadenomata  or  adenomata  sim- 
ply, and  lymphosarcomata;  those  of  the  second  group  are  chiefly  sarco- 
mata. The  former  are  homoeoplastic,  the  second  heteroplastic  growths 
(Art.  138).  It  is  not  always  easy  to  determine  whether  a  given  glandular 
growth,  homoeoplastic  or  heteroplastic,  is  to  be  reckoned  as  a  true  tumor 
in  the  stricter  sense  of  the  term.  Many  of  the  homoeoplastic  formations 
have  the  anatomical  characters  of  hyperplasia,  rather  than  of  neoplasm. 
And  these  characters  are  to  some  extent  borne  out  by  the  fact  that  the 
function  of  the  gland  often  becomes  more  active  as  its  growth  increases, 
that  is  to  say  a  larger  number  of  white  corpuscles  are  contributed  by  it  to 
the  blood  (leukasmic  lymphoma).  On  the  other  hand  there  are  cases 
in  which  glandular  growths  of  like  structure  exhibit  the  clinical  charac- 
ters of  tumors,  that  is  to  say  they  form  metastases  and  induce  cachexia 
(malignant  lymphoma);  and  the  cachexia — taking  the  form  of  emacia- 
tion, dropsy,  coma,  delirium,  etc. — may  result  in  death. 

Owing  to  the  difficulty  of  distinguishing  neoplasm  from  hyperplasia, 
we  shall  in  what  follows  describe  all  the  glandular  growths  under  the 
general  head  of  tumors,  classifying  them  according  to  their  structure. 

It  is  highly  probable  that  closer  investigation  of  the  development  of  the  glan- 
dular tumors  will  make  it  possible  to  distinguish  the  various  forms  more  accu- 
rately than  we  are  at  present  able  to  do.  We  are  now  unable  to  give  any 
explanation  of  the  fact  tliat  of  two  cases  of  lymphoma  which  are  histologically 
identical,  one  should  involve  alteration  in  the  blood,  and  the  other  should  not. 
And  we  know  as  little  the  reason  why  one  lymphoma  should  continue  to  be  a 
purely  local  affection,  and  another  of  the  same  texture  should  lead  to  metastatic 
infection  of  other  groups  of  glands  or  of  organs  which  normally  contain  no  gland- 
tissue. 

Klebs  has  suggested  that  leukaemic  lymphoma  may  be  an  infective  disorder 
due  to  an  extraneous  virus,  and  he  has  therefore  classed  it  with  the  infective 
granulomata.  This  view  has  much  in  its  favor,  but  we  are  at  present  unable  to 
advance  any  definite  proofs  of  its  correctness. 

References: — Art.   328;  Ymcnow,  Krankhafte  Geschwulsteii.;  Wunderlich, 
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Arch.  d.  Heilk.  vil.;  Murchison,  Path.  Soc.  Trans.  1870;  Langhans,  Virch.  Arch. 
vol.54;  FOTAiN,  Diet,  encyc.  d.  sciences  vied.  (2d  ser.  1870)  vol.  iii. ;  Humbert, 
Desneoplasmesdesgang.  lymphatiques 'Paris  1878;  von  Winiwarter,  j4?x'/i. /. 
klin.  Chir.  xviii. 

344.  Soft  lyinphadenoina  or  lymphosarcoma  is  a  soft  almost  fluctu- 
ating or  diffluent  growth,  with  a  light-gray  or  grayish-white  or  grayish- 
red  tint  on  section.  It  is  sometimes  speckled  with  small  red  islets 
corresponding  to  dilated  vessels  or  small  extravasations.  An  abundant 
turbid  juice  comes  from  the  section  when  scraped.  The  tissue  surround- 
ing the  gland  is  not  usually  altered,  though  sometimes  neighboring 
glands  cohere  and  coalesce  into  a  single  mass.  Sometimes  caseous 
patches  occur  within  the  growth.  The  juice  consists  of  small  leucocytes, 
mingled  with  a  few  larger  and  often  multinuclear  cells,  spindle-cells 
from  the  walls  of  the  vessels,  red  corpuscles,  and  free  nuclei. 

When  examined  with  the  microscope  the  follicles  are  seen  to  be 
greatly  enlarged,  the  fibrous  parts  of  the  medullary  tissue  have  disap- 
peared, and  the  whole  section  of  the  gland  has  become  like  the  cortex. 
In  pencilled  sections  the  reticulum  is  seen  to  be  thickened;  it  has  nuclei 
at  its  nodal  jooints,  and  includes  a  multitude  of  lymphoid  elements.  The 
growth  is  thus  due  to  a  development  of  tissue  similar  to  that  of  the  nor- 
mal gland-follicles. 

The  affection  extends  in  some  cases  only  to  one  or  two  glands,  in 
others  to  whole  groups.  Other  parts  of  the  lymphatic  system  are  very 
often  affected  at  the  same  time,  especially  the  malpighian  follicles  of  the 
spleen  and  the  lymi^hadenoid  tissue  of  the  alimentary  canal,  as  it  exists 
for  example  in  the  follicles  of  the  tongue,  the  stomach,  and  the  intestine. 
In  young  patients  the  thymus  may  likewise  be  affected.  But  lymphade- 
noma  may  also  develop  in  parts  which  normally  contain  no  lymphade- 
noid  tissue,  such  as  the  bones,  liver,  kidneys,  ovaries,  etc. 

The  behavior  of  the  blood  varies,  and  two  varieties  of  the  disease  are 
distinguished  accordingly.  In  many  cases  no  change  can  be  detected,  or 
only  a  diminution  in  the  amount  of  blood.  This  variety  is  called  by 
various  names  such  as  Hodgkin's  disease  (from  its  first  describer), 
adenia  (Teousseau),  lymphosarcoma  in  a  restricted  sense  (Viechow), 
malignant  lymphoma  (Billroth),  and  pseudoleukaemia  (Cohnheim). 
In  the  second  variety  the  white  corpuscles  of  the  blood  are  increased  in 
number  (leukgemia).  The  growth  is  then  described  as  leukaemic  lym- 
phoma orleuksemic  lymphadenoma.  The  examination  of  the  blood  suf- 
fices to  distinguish  the  varieties;  in  other  respects  the  affections  are  iden- 
tical. (On  the  changes  in  the  blood  see  Art.  260;  on  those  in  the  spleen 
see  Art.  328.) 

The  leuksemic  increase  of  the  white  blood-cells  very  often  leads  to 
considerable  deposits  of  them  in  the  various  tissues.  The  deposits  may 
be  diffuse  or  in  agglomerated  masses,  and  must  not  be  confounded  with 
the  lymphadenoid  growths. 
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Langhans  {Virch.  Arch.  vol.  54)  has  proposed  to  call  both  varieties  by  the  one 
name  of  adenia,  distinguishing  them  as  simple  adenia  and  leukasmic  adenia. 
Some  such  distinction  would  be  better  than  the  present  confusion.  We  do  not 
know  the  ultimate  cause  of  the  difference  between  the  two  varieties  ;  cases  are 
known  in  which  the  simple  form  has  passed  into  the  leukeemic,  and  inversely. 

The  spleen  is  affected  in  both  forms.  In  simple  or  non-leuksemic  cases  it  is 
sometimes  firm,  sometimes  soft,  the  follicles  are  enlarged  to  the  size  of  a  hazel- 
nut, and  are  grayish-j^ellow,  vascular,  and  ecchymosed.  It  is  rare  for  the  spleen 
to  be  more  intensely  affected  than  the  glands  ;  while  in  leuksemic  adenia  the 
affection  of  the  spleen  is  often  the  most  marked  feature  of  all. 

References:— Arts.  260  and  328  ;  Cornil,  Arch.  gen.  ii.  (1865)  p.  207  ;  Cohn- 
HEIM,  Virch.  Arch.  vol.  33 ;  Hodgkin,  31ed.  chir.  Trans,  xvii.  (1832) ;  Eberth, 
Virch.  Arch.  vol.  49  ;  B.  Schulz,  Arch.  d.  Heilk.  1874. 

345,  Hard  lymphadenoma  or  lymphosarcoma  occurs  as  a  primary 
growth  most  frequently  in  the  superficial  lymphatic  glands;  other  groups 
may  be  attacked  in  the  further  course  of  the  affection.  For  examiole,  if 
the  affection  start  in  some  of  the  cervical  glands,  the  rest  of  the  cervical 
glands,  and  the  thoracic  and  abdominal  glands  lying  near  the  large 
vessels,  are  attacked  in  succession.  The  glands  are  transformed  into  firm 
tough  elastic  or  hardened  knots,  forming  dense  clusters  in  combination. 
Single  glands  may  reach  the  size  of  a  walnut. 

The  section  of  such  a  knot  becomes  very  slightly  concave,  and  but 
little  juice  runs  from  it;  it  looks ]3ale  yellowish- white,  and  maybe  trans- 
lucent or  opaque  ;  sometimes  small  haemorrhages  appear  in  it.  The  cap- 
sule and  surrounding  tissue  seldom  exhibit  any  great  degree  of  fibrous 
thickening. 

On  microscopic  examination  the  lymphadenoid  structure  is  seen  to  be 
preserved  (Langhans),  while  the  cells  are  increased  in  number  and  the 
reticulum  is  thickened.  The  cells  resemble  the  ordinary  lymphoid  ele- 
ments, a  few  being  larger  or  multinuclear.  The  strands  of  the  reticulum 
are  broad  and  fibrillated,  and  they  seem  multiplied  so  that  the  network 
is  closer  and  its  meshes  smaller  than  in  a  normal  gland.  The  follicles 
and  sinuses  are  no  longer  distinguishable.  The  adventitia  of  the  vessels 
is  thickened  and  is  made  up  of  shining  fibrous  bundles.  Fatty  degenera- 
tion, calcification,  or  softening  rarely  supervene.  In  later  stages  the 
follicles  of  the  spleen  may  be  affected,  and  be  changed  like  the  glands 
into  hard  nodules.  The  spleen  is  never  primarily  affected  in  this  form 
of  lymphadenoma.  Similar  nodules  may  bo  developed  in  the  lymph- 
adenoid  tissue  of  the  alimentary  canal  and  in  the  thymus.  Metastatic 
growths  occasionally  appear  in  the  liver,  kidneys,  lungs,  etc.  Leukaemia 
does  not  accomjoany  this  affection. 

Certain  transitional  varieties  between  hard  and  soft  lymphadenoma 
have  been  described. 

346.  Sarcoma  of  the  lymphatic  glands  is  a  somewhat  uncommon  af- 
fection. It  occurs  in  single  glands,  or  several  of  the  same  group  are 
simultaneously  affected  and  cohere  into  a  nodular  tumor.     It  often  over- 
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passes  the  limits  of  the  ghind  and  invades  the  adjoining  tissues.  Second- 
ary  growths  are  usually  developed.  Small-round-oelled  sarcoma,  spindle- 
celled  sarcoma,  fibro-sarcoma,  and  alveolar  sarcoma  or  alveolar 
angiosarcoma,  are  all  forms  which  occur.  The  latter  form  has  a  some- 
what carcinoma-like  structure,  the  epithelioid  cells  being  grouped  in 
clusters  within  an  alveolar  stroma. 

It  appears  that  the  neoplasm  may  start  in  various  parts  of  the  gland- 
tissue.  According  to  Putiata  alveolar  sarcoma  begins  in  the  tissue 
around  the  vessels.  In  other  instances,  especially  in  spindle-celled  sar- 
coma, the  connective-tissue  framework  is  the  primary  seat  of  neoplastic 
proliferation  (Winiwakter).  Some  authors,  like  Putiata,  maintain 
that  the  lymphoid  elements  may  be  transformed  into  tumor-cells. 

See  Langenbeck  (Deutsche  Klinik  47,  1860),  Billroth  (Beitrdge  z.  path.  Hist. 
Berlin  1858),  Putiata  (Ueb.  Sarcom.  der  Lymphdriosen,  Virch.  Arch. -vol.  69j,  von 
Winiwarter  {Arch.  f.  Min.  Chir.  xvni.),  Vaillard  {Revue  de  med.  1882). 

347.  Secondary  growths.  All  the  forms  of  tumor  which  give  rise 
to  metastases  may  afEect  the  lymphatic  glands.  Cancers  especially  are 
apt  to  do  so,-  and  the  glands  become  enlarged  and  altered  as  the  disease 
advances.  On  section  they  have  a  white  marrowy  look,  and  cancer-juice 
can  be  obtained  from  them  by  scraping.  The  altered  glands  have  not 
always  the  same  appearance,  any  more  than  the  primary  tumor  from 
which  they  are  derived.  Indeed  the  typical  structure  of  the  parent 
tumor  is  often  very  beautifully  reproduced  in  the  infected  gland.  Tlie 
secondary  growths  likewise  pass  through  the  same  series  of  changes  as  the 
parent  tumor  (Art.  174). 

The  gland-tissue  is  compressed  and  displaced  by  the  cancerous  growth. 
The  cancer-germs  brought  to  the  gland  in  the  first  instance  by  the  lym- 
phatics begin  to  germinate  in  the  sinuses.  Cancer-nests  are  then  formed, 
and  the  stroma  of  the  tumor  is  developed  out  of  the  lymphadenoid  tissue. 
In  its  first  stages  the  cancerous  change  is  often  not  apparent  to  the  naked 
eye,  and  must  be  searched  for  with  the  microscope.  Sometimes  even  the 
more  advanced  changes  are  not  to  be  made  out  in  fresh  S2)ecimens  with- 
out minute  examination. 

Sarcomatous  metastases,  like  the  carcinomatous,  may  originate  in 
sarcoma-cells  which  have  entered  the  gland  through  the  lymphatic  ves- 
sels. 


SECTION   IV. 
THE  SEROUS  MEMBRANES. 


CHAPTER  XXX. 

DEVELOPMENT  OF  THE  SEROUS  CAVITIES. 

348.  The  primitive  body-cavity  is  a  large  undivided  space  inter- 
posed between  tlie  alimentary  tract  and  the  body-wall,  and  shut  off  in  all 
directions  from  the  blood-vessels  (Hertwigs).  Until  recently  it  was  held 
that  the  body-cavity  was  directly  connected  with  the  vascular  system; 
Haeckel  indeed  taught  that  it  was  originally  in  itself  the  first  rudiment 
of  a  vascular  system.  But  embryological  research  has  now  shown  that 
this  view  is  untenable.  The  blood-vessels  and  lymphatics  arise  inde- 
pendently of  the  body-cavity  as  excavations  in  the  substance  of  the  meso- 
blast,  due  to  partial  liquefaction  of  the  tissue  and  the  transformation  of 
some  of  the  cells  into  blood-corpuscles.  The  body-cavity  on  the  other 
hand  is  originally  a  part  of  the  primitive  alimentary  cavity  or  archenteron. 
Two  lateral  diverticula  of  this  are  formed  and  gradually  abstricted  from 
the  central  cavity  which  persists  as  the  ultimate  alimentary  tract.  These 
diverticula  then  converge  ventrally  and  coalesce  to  form  one  cavity,  the 
ultimate  body-cavity;  and  this  surrounds  the  alimentary  tract  except 
dorsally,  where  the  primitive  dorsal  septum  between  the  diverticula  per- 
sists as  the  mesentery.  The  connection  ultimately  existing  between  the 
lymphatic  system  and  the  body-cavity  are  later  and  secondary  develop- 
ments (Hertwigs  and  Balfour). 

The  mode  of  origin  of  the  body-cavity  indicates  the  true  nature  of  its 
lining  membrane.  The  cavity  not  being  a  mere  lymph-space,  like  the 
sac  of  the  arachnoid,  is  clothed  not  with  endothelium  but  with  an 
epithelium  derived  originally  from  the  hypoblast.  Under  this  single 
layer  of  epithelium  lies  a  layer  of  connective  tissue  richly  provided  with 
blood-vessels  and  lymphatics,  which  latter  communicate  freely  with  the 
body-cavity  through  a  multitude  of  ostia  or  stomata.  The  membrane 
formed  by  the  Inyer  of  cells  and  the  layer  of  connective  tissue  is  known 
as  a  serous  membrane;  and,  after  the  differentiation  of  the  general 
body-cavity,  as  peritoneum,  pleura,  or  pericardium,  as  the  case  may  be. 

This  account  of  the  origin  of  the  vertebrate  body-cavity  has  a  patho- 
logical as  well  as  an  embryological  bearing.  If  the  cavity  is  not  a  mere 
lymph-space,  its  pathology  is  not  strictly  comparable  with  that  of  the 
lymphatic  system.  If  its  epithelial  covering  is  originally  derived  from 
the  alimentary  or  splanchnic  epithelium  its  morbid  changes  will  be  re- 
lated to  those  of  the  mucous  membranes,  and  must  be  studied  in  con- 
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nection  with  tliem.  Thus,  for  example,  it  may  be  important  in  discuss- 
ing the  genesis  of  neoplasms  occurring  in  a  serous  membrane  to  bear  in 
mind  that  its  so-called  endothelium  is  genetically  a  true  epithelium. 

Few  affections  of  the  serous  membranes  are  independent  or  confined 
to  them  alone.  Various  organs  are  enclosed  within  the  body-cavities y.nd 
are  thus  in  the  closest  relation  to  the  serous  membrane.  The  disorders 
affecting  the  membrane  are  consequently  in  the  greater  number  of  cases 
secondary  to  affections  of  the  organs  which  it  covers.  These  secondary 
affections  will  be  discussed  in  treating  of  the  respective  organs;  in  the 
following  chapters  we  shall  deal  chiefly  with  the  primary  or  independent 
affections  of  the  serous  membranes. 

The  above  account  of  the  origin  of  the  body-cavity  differs  essentially  from  that 
given  in  the  first  German  edition,  in  which  the  widely-accepted  view  which  re- 
gards the  pleuro-peritoneal  cavity  as  a  mere  lymph-space  was  adopted.  The 
works  of  the  Heetwigs  (Die  Coelomtheorie  Jena  1881)  and  Bxlfojjr  (Comparative 
Emhroyology  vol.  ii.  ch.  13)  have  shed  new  light  upon  the  subject;  and  though 
they  differ  in  details  the  main  fact  of  the  derivation  of  the  body-cavity  from  the 
primitive  alimentary  cavity  seems  established  by  them. 

The  fact  that  the  serous  membranes  are  capable  of  performing  secretory 
functions  seems  to  harmonize  with  the  theory  that  they  are  originally  derived 
from  the  secretory  layer  of  the  blastoderm,  the  hypoblast. 


CHAPTER  XXXI. 

EFFECTS  DUE  TO  DISORDERS   OF  THE  CIRCULATION. 

349.  Disorders  of  the  circulation  afEecting  the  serous  membranes  are 
very  common. 

Congestive  hyperaemia  such  as  accompanies  the  early  stages  of  in- 
flammation, and  sudden  diminution  of  the  normal  pressure  within  tlie 
serous  cavity,  may  lead  to  intense  reddening  of  the  surface  of  the  mem- 
brane. In  passive  hypersemia  it  is  the  veins  especially  which  are  en- 
gorged, and  often  notably  dilated. 

Small  circumscribed  haemorrhages  are  very  commonly  met  with, 
both  in  inflammation  and  in  fatal  cases  of  infective  disease,  renal  and 
cardiac  disease,  asphyxia,  etc.  When  fresh  they  are  red,  but  after  a  time 
they  become  brown  or  slate-colored.  They  are  due  either  to  alterations 
in  the  vessel- walls,  or  to  extreme  vascular  engorgement  with  obstruction, 
or  to  both  together. 

Large  haemorrhages,  in  which  blood  escapes  in  quantity  into  the  cav- 
ity, may  result  from  very  various  causes.  They  are  frequently  due  to  me- 
chanical injury  by  which  a  large  vessel  is  opened,  as  in  ruptures  of  the 
liver,  kidney,  spleen,  lung,  etc.  Such  are  also  the  grave  hsemorrhages  that 
follow  rupture  of  the  heart  or  aorta  or  other  artery  depending  on  disease, 
and  rupture  of  the  foetal  sac  in  tubal  pregnancy.  Sometimes  no  lesion 
can  be  made  out,  as  in  cases  of  hsemorrhagic  diathesis.  JSTew-formed 
vessels  in  inflammatory  tissue  are  especially  apt  to  give  way  and  bleed. 
Lastly,  extreme  engorgement  such  as  ensues  on  thrombosis  of  the  portal 
vein,  or  embolic  occlusion  of  an  artery,  may  cause  very  severe  hsemor- 
rhage. 

The  blood  poured  out  into  the  serous  cavity  is  quicky  absorbed  by 
the  lymphatics  which  communicate  with  the  cavity,  unless  special  mor- 
bid alterations  of  the  membrane  stand  in  the  way.  Blood  which  remains 
liquid  is  very  speedily  taken  up,  in  part  without  much  alteration,  and  in 
part  after  solution  or  decolorization  of  the  red  corpuscles.  Coagula  are 
less  manageable,  but  they  too  are  ultimately  absorbed.  Extravasations 
in  the  membrane  itself  or  in  the  subserous  tissue  are  dealt  with  in  the 
manner  described  in  Arts.  112-116.  As  the  blood  disintegrates,  either 
before  or  after  its  complete  absorption,  urobilinuria  or  haemoglobinuria 
is  observed. 
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Von  Recklinghausen  (Virch.  Arch.  vol.  26)  was  the  first  to  investigate  with 
success  the  process  of  absorption  of  foreign  substances  (such  as  milk,  tinted 
liquids,  and  blood)  in  the  abdominal  cavity.  Ponfick  {Vii^ch.  Arch.  vol.  48)  and 
CoRDV A  {Ueber  d.  Resorp.  von  Blutergussen  Berlin  1877)  have  made  out  certain 
further  details.  They  injected  fibrinous  or  defibrinated  blood  into  the  abdominal 
cavity,  and  found  that  the  defibrinated  blood  was  very  rapidly  taken  up,  and  that 
almost  without  alteration.  This  observation  has  a  practical  value,  for  it  suggests 
the  possibility  in  the  human  subject  of  successful  transfusion  of  defibrinated 
blood  into  the  abdomen  instead  of  into  a  blood-vessel.  The  blood-cells  so  absorbed 
survive  when  they  reach  the  circulating  blood. 

Unchanged  blood  when  injected  into  the  abdominal  cavity  is  much  less  read- 
ily absorbed,  as  clots  form  which  become  aggregated  into  considerable  masses. 
These  by  their  close  contact  with  the  serous  membrane  set  up  inflammation,  are 
fixed  down  by  exudations,  and  receive  a  covering  of  migratory  cells.  Large  for- 
mative cells  with  an  abundant  protoplasm  then  appear  on  the  surface  of  the  clot. 
They  are  developed  from  the  white  blood-cells,  and  presently  lead  to  the  forma- 
tion of  new  fibrous  tissue,  while  new  vessels  are  produced  by  off -shoots  from  the 
vessels  of  the  serous  membrane.  Meanwhile  the  inner  parts  of  the  clot  are  disin- 
tegrating and  dissolving.  The  red  corpuscles  are  changed  to  grains  of  pigment 
or  are  taken  up  by  caiTier-cells  (Art.  68),  or  give  up  their  coloring  matter  which 
is  deposited  in  the  form  of  blood-crystals,  while  the  albuminous  detritus  is  ab- 
sorbed. 

Other  matters  capable  of  absorption,  such  as  recent  dead  tissue,  and  to  some 
extent  tissue  hardened  in  alcohol,  are  dealt  with  in  like  manner.  Bodies  that 
cannot  be  absorbed  are  usually  overlaid  with  fibrous  tissue  and  so  fixed  down.  If 
they  are  altogether  insoluble  and  non-irritating  (like  glass)  they  may  remain  for 
long  in  the  cavity  without  setting  up  any  inflammation. 

350.  Large  accumulations  of  serous  fluid  in  the  body-cavities  are 
very  frequent.  The  accumulation  is  described  as  ascites,  hydroperi- 
cardium,  or  hydrothorax,  according  as  it  occurs  in  the  abdominal, 
pericardial,  or  pleural  cavity.  The  fluid  is  colorless  or  pale  yellow,  clear 
or  opalescent,  and  sometimes  after  death  it  is  found  to  be  turbid  from 
the  presence  of  shed  epithelium.  Sometimes  too  it  contains  a  few  delicate 
shreds  of  fibrin.  If  jaundice  is  present,  the  fluid  may  be  bile-stained; 
if  haemorrhage  has  occurred  it  may  be  blood-stained.  If  any  solu- 
tion of  continuity  has  occurred  in  the  larger  lymphatic  vessels  of  the  ab- 
domen, the  ascitic  fluid  may  be  rendered  white  and  milky-looking  by 
the  chyle  which  escapes  (chylous  ascites). 

The  effused  fluid  is  poor  in  formed  elements.  Occasionally  flakes  of 
shed  epithelium  are  found,  in  the  form  of  large  nucleated  granular 
cells,  .containing  fat-globules  or  otherwise  disintegrating.  Lymphoid 
cells  are  scanty.  Hsemorrhagic  effusions  contain  blood-cells;  chylous 
effusions  contain  lymphoid  cells  and  fine  granules  and  drops  of  oil. 
When  a  tumor  exists  in  the  cavity  the  effusion  may  contain  tumor-cells, 
which  are  usually  in  a  state  of  fatty  or  mucoid  degeneration.  Highly 
fatty  detritus  if  present  in  any  quantity  may  give  the  fluid  the  look  and 
consistence  of  whey. 

We  have  already  described  the  conditions  under  which  fluid  accumu- 
lates in  the  serous  cavities  (Arts.  23-35).     The  main  cause  of  increased 
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transudation  from  the  vessels  is  obstruction  of  the  venous  outflow,  aided 
by  damaged  or  degenerate  conditions  of  the  vessel-walls.  Ascites  is 
most  commonly  due  to  uncompensated  cardiac  disease,  pulmonary  em- 
physema, or  degenerative  change  in  the  kidneys.  It  is  also  common 
in  liver-disease  by  which  any  considerable  extent  of  the  portal  territory 
is  obstructed,  and  it  often  accompanies  the  development  of  abdominal 
tumors.  According  to  Quincke  {Deutscli.  ArcJi.  f.  Min.  Med.  xxx.)  it 
may  make  its  appearance  in  girls  about  the  time  of  puberty  without  ap- 
parent cause,  disappearing  as  soon  as  menstruation  is  established. 

The  most  immediate  result  of  serous  effusion  is  the  displacement  and 
compression  of  the  organs  it  involves.  This  is  very  apparent  in  the  case 
of  the  lungs,  which  may  be  thrust  back  against  the  spine  by  a  large 
l)leural  effusion.  The  compression  of  tlie  heart  and  abdominal  viscera 
by  effusion  into  their  respective  serous  cavities  is  less  marked,  as  the 
pericardium  and  peritoneum  are  capable  of  great  distention.  But  even 
then  serious  impairment  of  the  functions  of  the  organs  may  ensue.  Ex- 
treme ascites  presses  up  the  diaphragm  and  impedes  the  breathing;  a 
great  pericardial  effusion  may  interfere  with  the  action  of  the  heart, 
chiefly  by  impeding  the  diastolic  expansion.  If  effusion  occur  simulta- 
neously in  the  several  cavities,  the  disturbance  of  the  visceral  functions 
may  become  very  grave. 

The  anatomical  changes  observable  in  the  serous  membranes  in 
dropsical  conditions  are  often  very  slight.  They  may  be  little  more  than 
result  from  the  soaking  of  the  serous  and  subserous  tissue;  or  perhaps 
the  veins  may  appear  more  or  less  dilated.  After  long-continued  dropsy 
due  to  engorgement  whitish  thickenings  and  fibrous  adhesions  make 
their  appearance  on  the  surface  of  the  membrane.  The  former  are  chiefly 
due  to  alterations  in  the  epithelial  cells,  which  are  more  or  less  swollen, 
partially  lifted  from  the  fibrous  basis-tissue,  and  in  process  of  desquama- 
tion or  fatty  degeneration.  Proliferous  cells  with  an  abundant 
protoplasm  and  two  or  more  nuclei  are  also  to  be  met  with.  The  vascu- 
lar engorgement  thus  induces  catarrh  with  desquamation  and  multipli- 
cation of  the  epithelium  (Fig.  142).  The  fibrous  tissue  is  often  largely 
infiltrated  with  leucocytes,  and  these  may  after  a  time  proceed  to  develop 
into  new  fibrous  tissue,  producing  diffuse  circumscribed  thickenings  of 
the  serous  membrane,  and  adhesions  of  separate  parts. 


CHAPTER  XXXII. 

INFLAMMATIONS  OF  SEROUS  MEMBRANES. 

351.  Inflammation  of  the  serous  membranes  is  the  most  im- 
portant of  the  affections  to  which  they  are  liable.  Our  knowledge  of  its 
nature  and  general  course  is  now  full  and  complete.  "We  mentioned  in 
Art.  95  that  Cohxheim  made  his  fundamental  observations  on  the  pro- 
cess of  inflammation  by  means  of  experiments  on  the  mesentery  of  the 
frog.  In  the  human  subject  the  omentum  is  very  well  adapted  for  micro- 
scopical examination,  and  that  even  without  any  special  treatment;  but 


Fig.  140.    Inflamed  omentum  from  the  human  subject  (x200). 


a,  normal  fibrous  trabecula. 

b,  normal  epithelium. 

c,  small  artery. 

d,  vein  with  colorless  blood-cells  peripherally 

disposed. 


e,  colorless  blood-cells  migrated  or  migrating. 
/,  desquamated    epithelium     commencing    to 

break  down, 
/i,  multinuclear  cell. 
g,  migrated  red  blood-cells. 


the  inflammations  of  the  pericardium  and  pleura  are  also  easily  inves- 
tigated. 

The  first  stage  generally  consists  in  the  formation  of  an  exudation 
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composed  of  blood-cells  (Fig.  140  e)  and  liquid;  and  this  collects  in  the 
meshes  of  the  tissue  or  on  its  surface,  while  the  epithelium  desquamates 
and  disintegrates  {f).  Only  when  the  inflammation  is  very  slight  does 
the  epithelium  remain  intact,  or  proceed  to  multiply:  when  the  irrita- 
tion becomes  at  all  intense  and  the  exudation  abundant,  the  epithelium 
perishes. 

Three  chief  forms  of  inflammation  are  distinguished  according  to  the 
character  of  the  exudation,  namely  the  fibrinous,  the  sero-fibrinous,  and 
the  jourulent.  The  fibrinous  forms  are  often  sj)oken  of  as  adhesive  or 
plastic,  inasmuch  as  they  generally  lead  to  the  formation  of  adhesions  and 
false  membranes  between  the  serous  surfaces. 

353.  Fibrinous  and  sero-fibrinous  inflammations.  In  recent 
fibrinous  inflammation  the  serous  membrane  is  injected,  and  its  surface 
turbid  and  dulled.  The  dullness  appears  especially  when  the  surface  is 
wiped;  and  is  essentially  due  to  the  deposit  of  a  light  grayish  or  yellow- 
ish film  of  fibrin.  If  the  deposit  be  at  all  thick,  it  may  conceal  the  red- 
ness of  the  injection. 

The  first  fibrinous  deposits  take  the  form  of  minute  granular  or  reti- 
culated masses.  The  epithelium  lying  between  the  little  masses  is  often 
intact,  but  it  may  begin  to  be  shed.  In  the  more  intense  inflammations 
the  epithelium  may  be  changed  into  a  homogeneous  or  granular  and 
generally  denucleated  membrane,  that  is  to  say  it  undergoes  coagulative 
necrosis.  Such  fibrinous  deposits  may  be  unaccompanied  by  any  large 
amount  of  liquid  exudation.  What  there  is  present  is  rendered  turbid 
by  shed  epithelium  and  migrated  leucocytes.  An  inflammation  of  this 
kind  is  often  referred  to  as  a  'dry'  inflammation  (dry  pleurisy,  pericar- 
ditis, or  peritonitis).  It  frequently  results  in  adhesions  of  the  serous 
surfaces. 

When  the  exudation  is  more  abundant,  liquid  is  poured  out  and  ac- 
cumulates in  the  cavities.  The  pericardium  or  pleura  becomes  notably 
distended  at  the  expense  of  tlie  lungs.  In  the  abdomen  the  liquid 
gathers  first  in  the  dependent  parts;  but  as  the  effusion  increases  the  or- 
gans may  be  compressed,  and  the  abdominal  wall  greatly  distended. 

The  proportion  of  cells  and  fibrin  in  the  effusion  varies  greatly. 
When  cells  are  abundant,  the  liquid  is  highly  turbid;  if  red  corpuscles 
have  escaped  from  the  vessels  the  liquid  will  be  more  or  less  reddened, 
and  petechia  may  be  observed  on  the  surface  of  the  serous  membrane 
(haemorrhagic  inflammation).  The  fibrin  forms  threads  and  curdy 
flakes,  which  are  translucent  and  yellowish,  or  opaque  and  whitish,  ac- 
cording to  the  proportion  of  leucocytes  they  enclose.  When  very  abun- 
dant the  fibrin  is  precipitated  on  the  surface  of  the  inflamed  membrane 
and  forms  a  thick  adherent  layer.  The  surface  of  the  layer  is  usually 
rough  and  occasionally  even  villous  in  appearance,  as  in  the  case  of  the 
heart  {co?'  villosum),  or  it  may  take  the  form  of  reticulated  or  lattice-like 
prominences  recalling  the  look  of  the  reticular  stomach  of  a  ruminant. 
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When  the  amount  of  liquid  effused  is  small  and  the  fibrin  abundant, 
thick  false  membranes  are  formed  between  the  visceral  and  parietal 
layers  of  the  serous  membrane. 

The  extent  of  the  inflammation  varies  much  in  different  cases.  In 
one  case  only  a  single  patch  of  the  pericardium  may  be  inflamed,  and  In 
another  the  whole  surface  of  a  lung. 

When  the  exudation  has  reached  a  certain  point  the  inflammatory 
process  ceases  and,  unless  new  irritation  sets  up  new  inflammation, 
the  process  of  repair  begins.  This  primarily  consists  in  the  absorption 
of  the  effusion;  but  it  is  generally  associated  with  the  formation  of  new 
fibrous  tissue. 

The  liquid  portions  are  of  course  the  most  easily  absorbed;  but  the 
quickness  with  which  this  is  effected  is  not  always  the  same.  If  the 
blood-vessels  and  lymphatics  readily  resume  their  functions,  the  lym- 
phatic channels  and  stomata  being  again  opened  up,  the  effusion  may 
very  speedily  disappear.  If  the  mouths  of  the  lymphatics  remain  closed, 
the  absorption  may  be  very  slow  indeed. 

Fibrin  is  less  readily  absorbed;  but  it  is  ultimately  made  more  easy  of 
absorption  by  disintegration  and  solution.  Now  and  again  residues  re- 
main unabsorbed,  and  these  usually  become  calcified.  The  presence  of 
fibrinous  masses  which  act  as  dead  or  foreign  bodies  and  set  up  renewed 
inflammation  may  bring  about  the  development  of  inflammatory  fibrous 
tissue.  From  four  to  six  days  after  the  beginning  of  a  fibrinous  pleurisy 
or  pericarditis  small  new-formed  vessels  can  be  seen  passing  from  the 
connective  tissue  of  the  serous  membrane  into  the  fibrinous  masses  which 
overlie  it;  they  are  made  very  apparent  if  the  fibrinous  covering  is  gently 
jieeled  off.  This  is  a  sign  that  tissue-formation  has  begun.  In  the 
deeper  layers  of  the  fibrinous  membrane  (Fig.  141)  formative  cells  (/") 
can  already  be  seen,  and  these  are  the  builders  of  the  future  fibrous  tis- 
sue. 

The  epicardial  tissue  (a)  is  beset  with  a  multitude  of  leucocytes  {d), 
the  blood-vessels  (c)  are  crammed  with  blood,  the  lymphatics  (e)  with 
cells  and  granular  coagula.  Leucocytes  are  aggregated  in  the  meshes  of 
the  fibrinous  membrane,  and  from  them  are  developing  formative  cells 
(/■),  distinguished  by  their  large  transparent  vesicular  nuclei  and  their 
granular  protoplasm.  They  are  of  various  shapes,  and  form  connections 
with  the  epicardial  tissue  and  with  each  other,  ^^ibrous  tissue  is  ulti- 
mately developed  from  their  protoplasm,  and  new  vessels  very  soon  arise 
between  them  as  off-shoots  from  the  epicardial  vessels.  As  the  fibrous 
tissue  is  gradually  elaborated  the  fibrin  disappears. 

The  consequences  of  the  growth  of  the  new  tissue  are  various.  If  the 
amount  of  it  is  small,  it  may  simply  give  rise  to  a  slight  thickening  of 
the  serous  membrane  taking  the  form  of  a  more  or  less  sharply  defined 
lustrous  white  spot,  spoken  of  as  a  callosity  or  milk-spot.  If  the  new 
tissue  is  more  abundant,  it  may  take  the  form  of  thick  almost  cartilagin- 
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ous  plaques  or  patches,  or  of  diffused  tendinous  or  scar-like  thicken- 
ings. 

353.  Plastic  pericarditis.  Plastic  inflammation  of  the  pericardium 
is  usually  an  independent  affection,  but  it  may  be  associated  with  endo- 
carditis and  myocarditis,  or  be  the  result  of  pleuritic  or  mediastinal  in- 
flammation. 

Slight  and  localized  pericarditis  very  often  gives  rise  to  the  formation 
of  the  milk-spots  just  referred  to  ;  they  may  occur  in  considcral)le  num- 
bers and  vary  from  a  few  millimetres  to  some  centimetres  in  diameter. 
Sometimes  the  greater  part  or  the  whole  of  the  j^ericardium  may  be  cov- 
ered with  similar  white  thickenings. 

The  heart  itself  may  be  either  free,  or  involved  in  adhesions  ;  and 
these  latter  may  consist  of  a  few  thread-like  bands  stretching  from  the 
visceral  to  the  parietal  layers,  or  they  may  extend  over  the  entire  surface, 
binding  the  heart  everywhere  to  the  parietal  layer  {concretio  pericardii). 
Sometimes  the  adhesions  are  brittle  and  easily  broken  down  ;  in  other 


e 


Fig.  141.    Adhesive  pericarditis. 
{Section  through  tlie  pericardium  and  overlying  false  viembrane  :    X  150.) 
a,  epicardial  or  visceral  pericardium.  e,  lymphatic  filled  with  ceUs  and  small  gran- 


b,  fibrinous  false  membrane. 

c,  distended  blood-vessel. 

d,  leucocytes  infiltrating  the  tissues. 


ular  coagula. 
/,  formative  cells  within  the  false  membraofi,, 
derived  from  migrated  leucocj^tes. 


cases  they  are  not  to  be  separated  without  tearing  the  heart-wall.  If  th€> 
exudation  has  been  highly  fibrinous,  fragments  of  unabsorbed  fibrin  may 
lie  for  long  between  the  two  surfaces,  and  may  ultimately  become  cal- 
cified. A  like  change  occasionally  involves  the  new  tissue  itself,  and 
thus  the  heart  may  come  to  be  surrounded  with  a  carapace  of  calcareous 
plates.  Pericardial  adhesions  are  a  common  cause  of  cardiac  hypertrophy 
(Art.  279). 

Plastic  pleurisy  occurs  as  an  independent  affection,  and  also  as  an 
accompaniment  of  various  pulmonary  inflammations.  Slight  attacks 
give  rise  to  a  moderate  amount  of  pleural  thickening,  and  to  the  forma- 
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tion  of  delicate  adhesions.  After  long-continued  or  often-repeated  in- 
flammation very  dense  and  extensive  false  membranes  may  be  formed, 
and  the  resulting  adhesions  may  be  extremely  firm  and  tough  (see  the 
Chapters  on  pulmonary  affections).  The  absorption  of  the  effusion  is 
often  slow,  especially  when  it  becomes  condensed  to  a  cheesy  consistence. 
In  this  case  it  may  become  calcified,  as  may  also  the  new-formed  fibrous 
tissue  in  the  adhesions. 

Plastic  peritonitis  likewise  occurs  independently,  and  also  as  a  se- 
condary result  of  various  inflammatory  affections  of  the  abdominal  vis- 
cera. In  the  latter  case  it  is  usually  localized  to  the  neighborhood  of  the 
affected  organ,  such  as  the  liver,  s|)leen,  ovary,  stomach,  etc.  Simple 
thickening  of  the  peritoneum  is  a  less  common  result ;  but  it  does  occur, 
especially  in  connection  with  the  spleen  (see  Art.  321).  Adhesions  are 
usually  formed,  and  are  slight  or  dense  according  to  the  duration  of  the 
inflammation.  Delicate  false  membranes  are  very  apt  to  be  the  seat  of 
haemorrhage  (hsemorrhagio  peritonitis). 

In  general  peritonitis,  which  is  primary  and  chronic,  very  considerable 
thickenings  of  the  membrane  may  be  produced.  They  may  be  diffuse  or 
localized,  and  are  sometimes  scar-like  or  even  cartilaginous  in  density. 
The  mesentery  when  so  thickened  usually  contracts;  the  omentum  may 
shrink  into  a  kind  of  roughly-twisted  rope  {peritonitis  deformans).  The 
various  organs  are  extensively  adherent,  the  loops  of  the  intestines  being 
sometimes  glued  into  a  single  mass,  while  the  liver  and  sjDleen  may  be 
completely  enclosed  in  adhesions.  The  effused  liquid  may  be  scanty  or 
abundant,  and  the  proportions  of  albumen  and  of  cells  it  contains  vary 
with  the  stage  and  intensity  of  the  inflammation. 

The  peritoneal  inflammation  here  described  occurs  chiefly  as  a  result 
of  intense  engorgement  of  the  abdominal  vessels,  such  as  follows  upon 
valvular  disease  of  the  heart  or  hepatic  disease  :  and  it  may  be  accom- 
panied by  an  abundant  dropsical  or  ascitic  effusion. 

354.  Purulent  inflammation  of  the  serous  membranes  is  either 
primary,  or  developed  from  an  originally  sero-fibrinous  inflammation  by 
an  increase  in  the  inflammatory  migration  of  blood-cells.  ~Ho  sharp  line 
can  be  drawn  between  sero-fibrinous  and  purulent  inflammation  ;  for 
various  intermediate  or  fibrino-purulent  varieties  occur  in  which  tlie 
exudation  is  pus-like,  while  at  the  same  time  it  contains  soft  white  cellu- 
lar flakes  and  curds  of  fibrin.  The  organs  are  in  such  cases  covered  with 
a  film  of  purulent  fibrin,  and  may  be  cemented  together  by  it. 

The  exudation  sometimes  becomes  putrid,  that  is  to  say  it  becomes 
discolored  and  foul -smelling.  This  is  most  apt  to  occur  in  abdominal 
inflammation,  depending  on  septic  processes  in  the  uterus  or  its  appen- 
dages, or  on  the  escape  of  faecal  matters  from  the  intestine.  The  putrid 
exudation  contains  multitudes  of  micrococci,  single  or  in  chaplets,  and 
occasionally  microbacteria. 

In   all  recent  inflammations  whether  fibrino-purulent,  purulent,  or 
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putrid,  tlic  membrane  is  intensely  injected,  its  connective  tissue  inGl- 
trated  Avith  leucocytes,  and  its  epithelium  destroyed.  The  pus- corpuscles 
of  the  exudation  rapidly  become  fatty  and  break  down.  Purulent  elTu- 
sions  are  much  less  readily  absorbed  than  serous  effusions.  Death  often 
intervenes  while  the  inflammation  is  at  its  height.  In  favorable  circum- 
stances the  absorption  may  be  complete;  but  usually  the  li({uid  parts  only 
are  removed,  while  the  fatty  disintegrated  pus-corpuscles  become  con- 
densed to  a  caseous  mass  which  long  lies  unabsorbed,  and  may  ultimately 
become  calcareous.  As  the  presence  of  the  pus  keeps  up  the  inflammatory 
process  granulations  and  fibrous  tissue  may  at  length  be  developed,  pro- 
ducing fibrous  bands  and  adhesions  of  great  extent. 

Thus  the  pleura,  where  it  is  in  contact  with  a  circumscribed  purulent 
effusion  (empyema),  becomes  covered  with  granulations  and  in  time 
thickens  into  a  dense  tough  fibrous  membrane.  If  the  pus  is  absorbed 
or  removed  by  operation  the  thickened  layers  of  the  pleura  grow  together 
into  a  stout  cicatricial  adhesion.  General  purulent  peritonitis  and  puru- 
lent pericarditis  usually  end  fatally  while  the  inflammation  is  still  at  its 
height. 


CHAPTER  XXXIIL 

TUBERCULOSIS  OF  SEROUS  MEMBRANES. 

355.  Tuberculosis  attacks  the  serous  membranes  in  three  distinct 
ways.  It  may  be  a  local  manifestation  of  general  miliary  tuberculosis;  or 
the  tuberculous  infection  may  be  conveyed  to  the  serous  membrane  from 
some  contiguous  focus  of  tubercle  in  one  of  the  organs;  or  it  may  be 
primary,  that  is  to  say  no  other  primary  focus  of  infection  may  be  dis- 
coverable. 

Three  forms  may  be  distinguished  according  to  their  anatomical 
characters.  In  the  first  the  tubercles  appear  without  inducing  any  gen- 
eral inflammation;  this  is  chiefly  the  case  in  miliary  tuberculosis.  In  the 
second  the  eruption  of  tubercles  is  accomjDanied  with  extensive  inflamma- 
tory changes  and  with  effusion  of  liquid.  In  the  third  the  inflammatory 
changes  come  to  the  front,  the  tubercles  being  everywhere  as  it  were  em- 
bedded in  inflamed  or  new-formed  inflammatory  tissue.  There  are  how- 
ever no  sharp  lines  to  be  drawn  between  the  three  forms,  which  often 
pass  one  into  the  other. 

356.  The  eruption  of  gray  tubercles  in  general  miliary  tuberculosis, 
unaccompanied  by  diffused  inflammation,  is  most  commonly  observed  in 
the  pleura  and  peritoneum;  it  is  rare  in  the  pericardium.  The  gray 
nodules  consist  of  aggregations  of  small  leucocytes  surrounding  the 
small  vessels  (Art.  123).  The  epithelial  cells  may  long  remain  un- 
changed, but  they  are  ultimately  shed  and  disappear. 

Eruptions  of  miliary  tubercles  accompanied  by  moderate  inflamma- 
tory action  are  met  with  chiefly  in  cases  where  the  serous  membrane  is 
infected  from  a  contiguous  focus  of  disease,  such  as  a  tuberculous  lym- 
phatic gland,  a  carious  vertebra,  a  phthisical  lung,  or  a  tuberculous  ulcer 
of  the  intestine.  Cases  occur  in  which  no  such  starting-point  can  be 
made  out,  and  in  these  we  are  obliged  to  consider  that  the  affection  is 
jirimary  in  the  serous  membrane:  the  peritoneum  is  by  far  the  common- 
est seat. 

The  tuberculous  eruption  is  sometimes  local,  for  instance  it  may  be 
confined  to  the  true  pelvis,  to  the  neighborhood  of  the  spleen,  or  io  a 
single  spot  of  the  pleura  or  pericardium;  or  it  may  extend  over  an  entire 
membrane  or  over  more  than  one,  as  for  example  over  pleura  and  perito- 
neum simultaneously.  In  the  latter  case  there  is  usually  some  fluid 
effusion,  and  sometimes  it  is  stained  with  blood.     The  number  of  tuber- 
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clod  may  be  finite  .small,  or  so  grout  tliat;  ihu  .surface  of  the  mcmbruno 
feels  finely  granular.  The  tissue  around  the  tubercles  is  injected  and 
often  be-set  with  minute  iKuniorrhMLrioiiatclio.s  Posl  morlcni.  the.se  latter 
may  have  a  slaty  gray  look  from  the  formation  in  them  of  ferrous  sul- 
]iliide  (Art.  08),  or  they  may  be  lirown  or  black  from  other  alterations  in 
the  blood-pigment.  If  the  ulTcction  lasts  any  time  the  mem])ranc  is 
usually  thickened,  and  the  mesentery  and  omentum  become  contracted 
and  deformed.  Surrounding  the  tubercles  zones  of  highly-vascular  deli- 
cate semi-translucent  fibrous  tissue  are  often  developed. 

Corresponding  to  the  obvious  appearances  just  described  we  always 
find  on  examination  that  the  neighboring  tissue  is  more  or  less  exten- 


Fio.  142.    Tuberculosis  of  the  omentum 
{Carmine  staining  :    x  200.) 


a,  centre  of  the  tubercle. 
6,  epithelioid  cells. 
c,  Ij-mphoid  cells. 


d,  proliferous  epithelial  cells  in  the  neighboring 
tissue. 


sively  infiltrated  with  cells.  The  epithelium  is  generally  in  process  of 
proliferation  and  catarrhal  desquamation  (Fig.  142^).  The  tubercles 
consist  of  close-set  masses  of  cells  (a),  amid  which  it  is  seldom  easy  to 
distinguish  the  ordinary  tubercle-elements  from  the  products  of  epithelial 
proliferation. 

357.  In  the  third  form  of  tuberculosis,  referred  to  for  distinction's 
sake  as  adhesive  tuberculous  inflammation,  the  extensive  inflamma- 
matory  changes  form  the  chief  character.  As  in  other  adhesive  or  plastic 
inflammations,  abundance  of  young  translucent  cellular  connective  tissue 
is  developed  and  forms  false  membranes  and  adhesions  between  the  dif- 
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ferent  parts.  Gray  or  yellow  nodules  are  scattered  through  the  new- 
formed  tissue,  and  very  often  there  are  also  yellowish  cheesy  foci  embed- 
ded in  it  or  involving  the  sero-fibrinous  films  covering  the  organs. 

Tuberculous  pericarditis  commonly  results  in  complete  adhesion  of 
the  layers  of  the  pericardium,  though  cases  also  occur  in  which  a  certain 
amount  of  liquid,  cellular,  or  fibrinous  exudation  persists  in  the  cavity  of 
the  sac.  The  new-formed  tissue  of  the  adhesions  consists  of  delicate 
grayish-red  granulations  interspersed  with  dense  fibrous  bands,  and  con- 
tains gray  or  yellowish  discrete  tubercles  as  well  as  larger  continuous 
caseous  masses. 

Tuberculous  pleurisy  is  most  frequently  met  with  in  connection 
with  tuberculous  disease  of  the  lungs.  Here  too  the  tubercles  are  seated 
either  in  the  young  vascular  connective  tissue  or  in  the  dense  fibrous 
cicatrices  which  are  formed.  A  certain  amount  of  sero-fibrinous  effusion 
is  usually  present ;  while  the  larger  diffuse  caseous  masses  are  rarely 
seen. 

Tuberculous  peritonitis  is  characterized  by  an  abundant  develop- 
ment of  fibrous  tissue,  which  forms  adhesions  and  false  membranes 
around  and  between  the  abdominal  viscera.  The  omentum  and  mesentery 
are  always  more  or  less  thickened;  the  former  is  often  transformed  into 
a  thick  hard  nodulated  mass,  or  a  mere  distorted  rope  crossing  the  cavity 
of  the  abdomen.  The  new-formed  fibrous  tissue,  and  the  thickened  and 
infiltrated  serous  membrane  itself,  are  beset  with  tubercles  and  caseous 
patches  in  varying  numbers.     There  may  or  may  not  be  a  liquid  effusion. 


CHAPTER  XXXIY. 

TUMORS  AND  PARASITES  OF  SEROUS  MEMBRANES. 

358.  Primary  neoplasms  are  not  often  met  with  in  the  serous  mem- 
branes. Some  of  them  belong  to  the  epithelial,  and  some  to  the  connec- 
tive-tissue class.  Of  the  former  the  most  interesting  are  the  tumors 
hitherto  described  as  endothelial  cancers  (Wagner,  Schulz,  Birch- 
HiRSCHFELD,  Neelsen).  They  affect  the  pleura  and  less  often  the 
peritoneum,  and  generally  take  the  form  of  multiple  flattened  nodular 
growths,  white  in  color,  and  either  isolated  or  connected  by  neoplastic 
bands,  the  intervening  serous  membrane  being  more  or  less  thickened. 
A  certain  amount  of  serous  or  sero-fibrinous  effusion  is  usually  23resent. 
The  growths  give  rise  to  metastasis;  and  in  the  case  of  the  pleura  these 
secondary  growths  chiefly  affect  the  peribronchial  fibrous  tissue,  the 
bronchial  glands,  and  the  muscles  of  the  thorax. 

The  tumor  is  characterized  by  the  presence  in  it  of  nests  and  clusters 
of  epithelial  cells  (Wagn'er,  Schulz,  Neelsek)  which  at  the  periphery 
of  the  growth  have  often  a  columnar  appearance.  The  nests  and  clus- 
ters lie  in  a  dense  fibrous  stoma,  and  follow  exactly  the  course  of  tne 
lymphatic  vessels.  They  are  usually  said  to  arise  from  the  multiplica- 
tion of  the  endothelial  cells  of  the  lymphatics,  but  this  appears  to  be  very 
doubtful.  As  it  can  be  shown  that  the  surface  epithelium  of  the  serous 
membrane  is  in  a  state  of  active  proliferation  (Neelsen"),  and  gives  rise 
at  least  to  some  of  the  columnar  elements  of  the  growth,  it  is  more  nat- 
ural to  refer  the  development  of  the  neoplasm,  generally  to  the  prolifera- 
tion of  the  epithelium  of  the  primitive  body-cavity  (Art.  348),  and  thus 
to  reckon  it  as  a  genuine  carcinoma. 

Fibroma  and  myxoma  are  the  commonest  of  the  connective-tissue  tu- 
mors, but  even  they  are  rare;  sarcoma  is  very  rare.  Waldeyer  has 
described  a  single  case  of  plexiform  angiosarcoma  of  the  peritoneum. 

Tumors  of  the  subserous  tissue  are  more  common,  especially  fibroma, 
lipoma,  and  sarcoma.  Tumors  of  the  mediastinal  tissue  are  compara- 
tively common,  and  may  reach  a  very  great  size. 

Secondary  growtlis  are  much  more  frequent  than  primary  ones. 
Cancers  of  the  peritoneum  follow  from  primary  growths  in  the  abdominal 
viscera;  cancers  of  the  pleura  from  growths  in  the  mamma  or  thyroid 
gland.  Cancer  of  the  oesophagus  and  stomach  may  affect  the  pericar- 
dium by  direct  extension,  or  by  giving  rise  to  metastatic  nodules. 
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Metastases  generally  take  the  fonii  of  definite  nodes  or  nodules.  In 
the  pleura  they  lie  chiefly  along  the  course  of  the  pleural  and  subpleural 
lymphatics.  According  to  the  texture  of  the  parent  growth,  they  are 
soft  and  white  or  medullary,  hard  and  scirrhous,  or  occasionally  brown 
or  black,  that  is  to  say  melanotic.  The  surrounding  tissue  may  be  but 
slightly  affected,  or  it  may  be  thickened,  hyperplastic,  indurated,  and 
full  of  new  vessels.  When  the  nodes  lie  thick  together  the  affected  re- 
gion (such  as  the  omentum)  may  be  changed  into  a  thick  dense  tuberous 
mass. 

Less  frequently  the  growth  is  indefinite  or  diffuse.  This  is  the  case 
however  with  colloid  cancer  of  the  intestine  or  ovary,  which  may  attack 
the  peritoneum  by  direct  extension  and  fill  the  entire  abdominal  cavity 
with  gelatinous  masses. 

Dermoid  and  teratoid  tumors  (foetal  inclusions)  are  comparatively 
rare  in  the  peritoneal  region.  The  former  are  chiefly  met  with  in  women, 
and  are  seated  in  the  ovary  or  its  neighborhood.  Foetal  inclusions  (Art. 
13)  may  occur  in  various  sites,  and  take  the  form  of  cysts  adhering  to  the 
surrounding  organs  and  containing  foetal  rudiments. 

Serous  cysts  are  generally  found  in  connection  with  the  female  gen- 
erative organs.  Occasionally  cysts  of  various  sizes  occur  in  other  parts 
of  the  abdomen,  but  their  mode  of  origin  is  not  yet  sufficiently  known. 
They  contain  a  highly  albuminous  liquid,  which  is  sometimes  viscid  and 
mucous  in  consistence. 

Of  the  animal  parasites  the  echinococcus  is  of  some  importance. 
It  may  form  hydatid  cysts  of  considerable  size  in  the  serous  cavities, 
and  the  cysts  are  often  adherent  to  the  surrounding  parts.  Oysticerci 
are  occasionally  met  with,  but  they  seldom  give  rise  to  any  notable  dis- 
turbance. Sometimes  intestinal  parasites,  su3h  as  round-worms,  escape 
into  the  peritoneal  cavity  either  through  some  pre-existing  wound  of  the 
intestine  or  by  direct  penetration.  The  consequence  is  usually  a  puru- 
lent or  putrid  peritonitis. 

Embryos  of  Trichina  pass  from  the  intestine  into  the  peritoneal 
cavity;  they  do  not  however  remain  there,  but  pass  on  into  the  muscles. 

References  on  cancer  of  the  serous  cavities: — Wagner,  Arch.  d.  Heilk.  xi. ;  R. 
SCHULZ,  ibid.  XVII.  Birch-Hirschfeld,  Path.  Anat.  ;  Church,  Trans.  Path. 
Soc.  1870;  BosTROEM,  Deutsch.  Arch.  f.  Uin.  Med.  XXix.;  Bohme,  Virch.  Arch. 
vol.  81;  Neelsen,  Deutsch.  Arch.f.  Min.  Med.  xxxi.;  G.  De  Massy,  Gaz.  d.  Hopi- 
taux  1867;  Gross,  Philadelphia  Med.  Times  1878;  Hubl,  Wien.  med.  Woch.  53, 
1879;  Thierfelder,  Atlas  d.  path.  Histologic  Plate  xxii. 
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CHAPTER  XXXT. 

INTRODUCTORY. 

359.  The  skin  is  a  somewhat  complex  structure,  which  fulfils  not 
merely  the  passive  office  of  covering  and  protecting  the  organism,  but 
also  certain  active  functions  of  an  important  kind.  It  serves  as  an  or- 
gan of  touch,  as  a  regulator  of  the  body-temperature,  as  a  secretory  organ 
with  a  definite  secretion,  and  as  an  excreting  and  absorbing  organ  sub- 
serving among  other  purposes  the  adjustment  of  the  gaseous  constituents 
of  the  tissues.  In  accordance  with  the  nature  of  its  physiological  func- 
tions it  is  in  close  relation  both  with  the  tissues  and  with  the  outer  world. 
No  other  organ  in  the  body  has  so  jnany  different  tasks  to  perform,  and 
none  is  so  constantly  exposed  to  extraneous  influences. 

Its  close  relations  with  the  rest  of  the  body  and  with  the  outer  world 
account  sufficiently  for  the  fact  that  it  is  especially  liable  to  disease  and 
injury.  The  mechanical,  thermal,  and  chemical  influences  to  Avhichitis 
perpetually  exposed  often  induce  in  it  morbid  changes,  chiefly  of  the  in- 
flammatory kind;  while  vegetable  and  animal  parasites  settle  in  it  and 
afEect  it  injuriously  in  various  ways.  The  disorders  which  are  induced 
by  the  direct  action  of  injurious  agents  are  classed  as  idiopathic  skin- 
diseases. 

In  like  manner  the  skin  may  be  affected  by  morbid  influences  from 
within,  arising  from  changes  in  the  blood  or  the  juices,  or  indirectly 
from  disorders  of  the  heart,  liver,  kidneys,  genital  organs,  nervous  sys- 
tem, etc.  Disorders  which  appear  as  the  manifestation  or  the  result  of 
a  primary  disorder  having  its  chief  seat  elsewhere  are  classed  as  sympto- 
matic skin-diseases. 

In  view  of  the  endless  variety  of  injurious  agencies  by  which  the  skin 
may  be  affected,  it  is  plain  that  no  good  end  can  be  served  by  treating 
the  pathology  of  the  skin  on  purely  setiological  lines.  Moreover,  the 
fact  that  the  same  injury  may  give  rise  in  different  individuals  to  very 
different  affections,  and  that  conversely  different  injuries  may  produce 
the  same  ultimate  effect,  affords  another  reason  against  the  classification 
of  skin-diseases  according  to  their  causes  alone. 

.  In  the  following  chapters  we  shall  classify  the  diseases  of  the  skin  in 
the  main  according  to  the  histological  changes  which  they  involve. 
Etiology  will  be  appealed  to  as  a  subsidiary  principle  of  classification  in 
affections  where  (as  in  parasitic  disease)  the  exciting  cause  either  is  itself 
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amenable  to  microscopical  investigation,  or  always  induces  the  same 
specific  textural  change.  The  histological  mode  of  classification  cannot 
of  course  be  always  carried  out  with  perfect  strictness.  The  above-men- 
tioned fact — that  the  same  morbid  change  may  be  produced  in  various 
ways  and  may  thus  appear  as  a  stage  in  various  distinct  morbid  processes 
— obliges  us  now  and  then  to  have  regard  to  the  general  clinical  course  of 
a  disease  as  well  as  to  its  histology.  And  as  in  the  case  of  tlie  skin  we 
can  follow  without  difficulty  the  evolution  and  progress  of  the  morbid 
processes,  and  so  ascertain  that  the  same  phase  of  textural  change  is  not 
always  associated  with  the  same  disease  (as  indicated  by  its  clinical 
course),  we  are  constrained  to  modify  somewhat  the  subdivision  of  the 
subject  which  mere  pathological  anatomy  would  suggest. 

References  to  the  most  recent  Tvorks  on  the  subject: — Kaposi,  Path,  und 
Therapie  d.  Hautkrankheiten  Vienna  and  Leipzig  1880;  Hebra  and  Kaposi,  On 
Diseases  of  the  skin  (New  Syd.  Soc.)  London  1866-1880;  Neumann,  Text-book  of 
skin  diseases  (trans,  by  Pullar)  London  1871  and  Lehrbuch  d.  Hautkrankheiten 
Vienna  1880;  Behrend,  Lehrb.  d.  Hautkrankheiten  Berlin  1883;  Duhrino,  Diseases 
of  the  skin  Philadelphia  1883;  Vierteljahrsschriftf.  Derm,  u.  Syphilis  i.-viu. 
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CHAPTER  XXXVI. 

DISORDERS     OF     CIRCULATION. 

361.  The  activity  of  the  circulation  in  the  skin  varies  greatly  even 
under  physiological  conditions,  and  its  pathological  variations  are  equally 
remarkable.  Hyperaemia  of  the  skin  may  be  diffuse  or  circumscribed, 
and  gives  rise  to  a  redness  that  disappears  under  the  pressure  of  the  fin- 
ger. The  tint  varies  from  pale  rosy-red  to  dark  blood-red  or  the  livid 
purple  of  cyanosis.  The  congestion  or  engorgement  of  the  vessels  is 
limited  almost  entirely  to  the  upper  layers  of  the  corium  and  especially 
the  papillary  layer.  The  hyperaemia  may  be  active  or  passive.  Active 
hyperaemia  depends  upon  local  injury  (and  is  therefore  idiopathic),  or 
upon  vaso-motor  influences  (and  therefore  symptomatic).  Spots  of  hyper- 
aemia when  small  constitute  roseola,  when  large  and  diffuse  erythema. 
Sometimes  the  hyperjemic  parts  are  also  notably  swoUen  and  the  tissues 
saturated  with  transuded  liquid;  this  is  the  case  in  inflammatory  oedema 
(Art.  24).  When  the  hyperemia  persists  for  a  time  the  epidermis  is 
loosened  and  shed,  and  we  have  desquamation.  And  after  the  hyperemia 
has  disappeared,  especially  if  it  has  lasted  any  time  or  has  frequently 
recurred,  a  certain  amount  of  pigmentary  discoloration  remains,  due  to 
the  transformation  of  the  extravasated  red  corpuscles  into  pigment. 
After  death  simple  hyperemia  usually  leaves  no  trace  on  the  skin.  En- 
gorgement or  passive  hyperaemia  generally  gives  rise  to  ill-defined  bluish- 
red  blotches.  A  small  spot  is  called  a  liver  or  livedo,  a  more  diffuse 
lividity  constitutes  cyanosis. 

AuaBiuia  of  the  skin  is  manifested  by  its  abnormal  paleness,  and  may 
be  local  or  general.  It  may  be  due  either  to  direct  external  influences, 
or  to  stimulation  of  the  vaso-constrictor  nerves. 

(Edema  of  the  skin,  that  is  to  say  saturation  of  it  with  serous  liquid, 
is  due  either  to  engorgement  of  the  veins  or  lymphatics,  or  to  increased 
permeability  of  the  walls  of  the  vessels.  (Edematous  skin  is  thick  and 
puffy,  and  liquid  runs  from  it  when  it  is  cut ;  in  extreme  cases  the  epi- 
dermis rises  in  blisters  or  blebs  (Art.  370)  from  the  papillary  layer. 

Active  hyperaemia  is  not  always  easy  to  distinguish  from  inflammation,  into 
which  it  often  passes  as  a  second  stage.  The  erythematous  affections  (such  as 
those  due  to  mechanical  injury,  to  heat,  etc.,  and  those  occurring  symptomati- 
cally  in  connection  with  dentition,  dyspepsia,  etc.)  are  usually  accompanied  by  a 
certain  amount  of  inflammatory  exudation. 


500 


THE    SKIN. 


Acne  rosacea  is  characterized  by  bright-red  spots,  nodules,  and  tuberosities 
containing  dilated  blood-vessels,  which  develop  slowly  over  the  surface  of  the 
nose  and  cheeks.  Its  growth  is  due  to  long-continued  distention  of  the  cutaneous 
vessels,  sometimes  associated  with  enlargement  of  the  sebaceous  glands. 

361.  Recent  haemorrJiages  in  the  skin  give  rise  to  red  stains  wliich 
do  not  disappear  when  pressed  with  the  finger.  When  they  form  small 
irregular  specks  they  are  called  petechij®,  larger  elongated  or  ramified 
streaks  are  called  yibices,  and  still  larger  irregularly  shaped  stains  are 
called  ecchymoses.  When  the  haemorrhage  gives  rise  to  a  nodular  or 
papular  irregularity  of  the  skin,  it  is  called  lichen  haemorrhagica  or 
purpura  papulosa ;  when  the  extravasated  blood  is  collected  into  a 
tumor  or  raised  patch  it  is  described  as  an  ecchymoma  or  haematoma; 
when  it  raises  the  epidermis  into  a  large  vesicle  or  bleb  it  is  a  Iiaemor- 
rliagic  bulla  or  blood-blister. 

The  seat  of  hgemorrhage  varies;  usually  it  is  in  the  corium  and  papil- 
lary layer,  and  thence  the  extravasated  blood  passes  up  under  the  epider- 
mis and  either  raises  it  from  the  underlying  layers  or  penetrates  among 
its  cells.  If  the  blood  gains  entrance  to  the  sweat-glands  and  escapes 
through  their  ducts,  we  have  haematidrosis  or  bloody  sweat. 

The  changes  passed  through  by  the  coloring  matter  of  extravasated 
blood  (Art.  68)  may  be  followed  with  the  naked  eye  in  the  case  of  cuta- 
neous hsemorrhages.  The  bright  red  of  recent  blood  passes  through 
bluish-red  and  yellowish-green  into  brown.  After  a  time  the  discolora- 
tion disappears  as  the  pigment  is  absorbed,  and  the  altered  blood  which 
has  penetrated  between  the  epidermal  cells  comes  to  the  surface  and  is 
shed  with  them. 

Cutaneous  hgemorrhages  are  distinguished  into  idiopathic  and  symp- 
tomatic. Spontaneous  hgemorrhages  are  grouped  together  under  the 
general  name  of  purpura. 

The  spontaneous  or  purpuric  haemorrhages  are  symptoms  or  consequences  of 
certain  affections,  some  of  which  are  at  present  ill-understood.  The  h£emorrhages 
which  accompany  some  forms  of  small-pox  (variola  hasmorrhagica  or  purpura 
variolosa)  may  become  very  serious  indeed.  They  begin  as  small  irregular  specks, 
which  in  a  few  hours  expand  and  coalesce  into  great  blood-stained  patches. 
Plague,  bites  of  serpents,  septicaemia,  scarlatina,  endocarditis,  and  other  infective 
and  toxaemic  conditions  are  often  accompanied  by  cutaneous  haemorrhages  in  the 
form  of  petechial  or  livid  spots,  due  to  changes  in  the  blood  or  in  the  vessel-waU, 
or  occasionally  to  emboUc  lodgments  of  bacteria  in  the  arterioles  of  the  skin. 

Purpura  (peliosisj  rheumatica  is  a  peculiar  affection  which  sets  in  with  pains 
in  the  knees  and  ankles,  generally  accompanied  by  slight  fever  ;  presently  large 
and  small  ecchymoses  appear  in  the  neighborhood  of  the  knees  ;  the  exciting 
cause  is  unknown.  We  know  as  little  of  the  cause  of  purpura  simplex  and  of 
purpura  hsemorrhagica  (morbus  maculosus  Werlhofii),  diseases  in  wliich,  along 
with  fever  and  loss  of  strength,  haemorrhages  of  the  skin  appear  in  various  parts 
of  the  body.  In  the  latter  affection,  which  is  occasionally  fatal,  the  ecchymoses 
may  be  as  large  as  the  hand  or  larger,  and  copious  bleeding  from  the  mouth, 
nose,  pharynx,  and  mucous  membranes  generally,  may  ensue. 
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The  lisemorrhagea  in  scurvy  or  purpura  scorbutica  are  usually  very  grave, 
and  take  place  not  merely  into  the  skin  but  into  the  subcutaneous  tissues  and 
gums.  Tiie  attection  is  nearly  always  attributable  to  insufficient  or  improiier 
food. 

The  lower  IhnVjs  of  aged  patients  are  sometimes  covered  with  circumscribed 
petechioe  (purpura  senilis)  depending  on  atheroma  of  the  arteries  and  tlie  dis- 
turbances of  circulation  to  which  it  gives  rise. 

S.  Mackknzii«:.  in  a  paper  On  the  nature  of  purpura  in  the  Brit.  Med.  Journ. 
2,  1883,  discusses  the  present  state  of  our  knowledge  regarding  it,  and  gives  full 
references  to  previous  works.  In  a  case  of  purpura  haemorrhagica  observed  by 
Russell,  Watson  Cheyne  {ibid.)  found  the  ruptured  capillaries  crammed  with 
colonies  of  bacilli. 
10 


CHAPTER  XXXTII. 

DISCOLORATION  AND  ATROPHY  OF  THE  SKIN. 

362.  Discolorations  of  the  skin  may  be  diffuse  or  circumscribed. 
They  are  due  either  to  an  increase  of  the  natural  pigment  of  the  rete  and 
corium  (pigmentation  proper),  or  to  the  deposit  of  abnormal  pigment 
derived  either  from  without  or  from  some  intrinsic  source  such  as  extra- 
vasated  blood  (dyschromatosis  or  staining). 

Certain  abnormal  pigmentations  are  congenital  and  take  the  form 
of  brown  or  black  spots  of  various  size.  They  are  called  naevi  pigmen- 
tosi  or  moles:  nmvus  spilus  is  soft  and  smooth;  nmvus  verrucosus  is 
rough  and  warty;  nceviis  pilosus  is  hairy  (Art.  398). 

Acquired  pigmentations  are  described  generally  as  chloasmata  and 
are  either  iodiopathic  or  symptomatic.  Freckles  and  sun-spots  (lenti- 
gines  and  ephelides)  are  examples  of  the  former;  they  are  brownish  or 
yellowish  irregular  specks  from  the  size  of  a  pin's  head  to  that  of  a  pea. 
Sun-spots  occur  chiefly  on  the  face  in  young  people  and  disappear  with 
advancing  years.  True  or  '  cold '  freckles  have  no  favorite  seat  and 
persist  during  life  (Art.  398). 

Pigmentation  is  often  a  result  of  frequently  recurring  hyperaemia 
and  inflammation,  such  for  instance  as  are  produced  by  excessive  scratch- 
ing (traumatic  chloasma),  or  long-continued  exposure  to  the  sun  (sun- 
burn). 

Disorders  of  the  viscera,  and  especially  of  the  uterine  system  in  wo- 
men (uterine  chloasma),  may  be  followed  by  discoloration  of  the 
skin;  and  the  skin  of  marasmic  patients  is  often  remarkably  pigmented. 

Addison's  disease  is  an  obscure  affection  in  which  the  skin  assumes 
a  brown  or  bronze-like  hue  {cutis  CBiiea),  and  the  patient  falls  into  grave 
cachexia.  The  bronzing  of  the  skin  is  said  to  be  connected  with  the 
changes  in  the  suprarenal  bodies  often  observed  in  the  disease;  but  it 
may  be  present  when  the  suprarenals  are  healthy  (see  Burger,  Die 
Nebennieren  Berlin  1883). 

In  these  affections  the  pigment  is  met  with  partly  in  the  deepest  layers 
of  the  rete  mucosum,  and  partly  in  the  corium.  It  takes  the  form  of 
brown  or  yellow  granules,  but  sometimes  the  cells  are  uniformly  stained. 

The  dyschromatoses  are  to  be  distinguished  from  true  pigmenta- 
tions; they  are  due  to  staining  of  the  corium  with  various  coloring-mat- 
ters derived  from  the  body  itself  or  from  without.     Icterus  or  jaundice 
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is  one  example,  the  skin  being  stained  with  bile;  argyriu  or  silver-stuin- 
ing  due  to  the  long-continued  medici^iul  u.se  of  suits  of  silver,  and 
tattooing,  are  others.  In  jaundice  the  skin  may  be  of  any  shade  from 
lemon-yellow  to  dusky  yellow  or  green;  in  argyria  it  may  vary  from 
slate-color  to  brown,  the  dark  granules  of  reduced  silver  lying  chiefly  in 
the  cutis.  In  tattooing  the  skin  is  pricked  with  needles  till  it  IjJeeds, 
and  coloring-matter,  such  as  charcoal,  gunpowder,  cinnabar,  Prussian 
blue,  or  indigo,  is  then  rubbed  in;  a  certain  amount  of  the  granular  in- 
soluble pigment  is  retained  and  remains  in  the  cutis. 

3G3.  Simple  atrophy  implies  a  loss  of  substance  in  the  several  con- 
stituents of  the  skin,  generally  associated  with  some  change  of  their 
structure.     It  may  be  localized  or  general,  secondary  or  primary. 

In  the  physiological  retrogression  of  old  age  or  senile  atrophy,  certain 
textural  changes  take  place  in  the  skin  which  may  occasionally  become 
very  highly  marked.  The  skin  becomes  thinner,  owing  to  the  alteration 
of  the  papillary  layer;  in  some  spots  where  they  are  normally  small  the 
pa})ill[e  may  disappear  entirely.  The  fibrous  bundles  of  the  corium  be- 
come scanty,  and  often  look  turbid  or  granular  in  texture,  the  granules 
not  disappearing  in  preparations  put  up  in  Canada  balsam.  The  structure 
of  the  fibrous  bundles  may  be  visible  or  obscured;  the  latter  effect  being 
due  to  a  kind  of  hyaline  degeneration  by  which  the  bundles  take  on  a 
swollen  glassy  look,  not  unlike  that  of  solidified  jelly  (Neumanns:). 
The  vessels  of  the  skin  are  here  and  there  obliterated,  so  -that  in  injected 
preparations  the  meshes  of  the  capillary  network  appear  abnormally 
wide.  Deposits  of  pigment  in  the  form  of  yellowish-brown  or  dark- 
brown  granules  are  often  observed,  and  these  lie  either  in  the  cells  of  the 
rete  or  around  the  vessels  of  the  cutis. 

364.  The  changes  in  the  cutis  are  accompanied  by  corresponding 
changes  in  the  epidermis.  The  softer  strata  become  thinned  out,  so  that 
the  horny  layer  is  separated  from  the  papillae  onlyby  a  few  layers  of  cells. 
The  horny  layer  is  dry  and  brittle,  and  often  scaly  or  branny  (pityriasis 
tabescentium).  Here  and  there  aggregations  of  the  epidermic  scales 
take  place,  forming  whitish  patches  of  various  sizes. 

The  hairs  fall  out  and  are  not  renewed,  the  hair-follicles  being 
either  empty  or  producing  only  a  kind  of  down.  Several  downy  hairs  may 
spring  out  of  one  follicle,  being  developed  from  a  single  papilla  succes- 
sively, or  from  several  papillae  seated  in  secondary  saccules  within  the 
chief  follicle.  The  follicles  may  be  shrunken  and  atrophied  (Fig.  143  b) 
or  distended  with  accumulations  of  epidermal  cells  mixed  with  small 
hairs  (c);  in  many  of  them  the  papilla  disappears  altogether.  The 
shrunken  follicles  are  cylindrical  or  conical,  or  distorted  and  sacculated. 
It  often  seems  as  if  the  root-sheath  were  attempting  to  bulge  here  and 
there  into  new  follicles.  When  the  follicle  is  much  shortened  it  simply 
looks  like  the  duct  of  a  sebaceous  gland.  The  follicles  are  hardly  ever 
entirely  destroyed   (Neumanist);  even  when  the  root-sheath  disappears 
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the  pit  or  sacculation  remains,  and  is  often  crammed  with  cornified  epi- 
dermal cells.  « 

A  certain  number  of  the  sebaceous  glands  disappear  from  the  denuded 
atrojohic  patches;  others  are  stunted  and  shrunken;  and  others  again  are 
distended  with  retained  secretion  into  cysts  (Fig.  143  d)  which  may  grow 
to  some  size  (milium  or  grutum);  they  occur  chiefly  in  places  which 
have  been  covered  with  hair,  such  as  the  scalp. 

The  sweat-glands  are  not  perceptibly  altered. 

Localized  atrophies  of  the  skin  in  the  form  of  whitish  streaks  and  patches  are 
frequently  observed  in  persons  of  mature  age  over  the  buttocks,  the  trochanters, 
the  anterior  margin  of  the  pelvis,  the  knees,  etc.  Women  who  have  been  preg- 
nant usually  have  shining  white  streaks  (linese  albicantes)  on  the  surface  of  the 
abdomen,  and  sometimes  on  the  thighs  and  buttocks.  Accoi'ding  to  Langer 
(Anzeiger  d.  Oesell.  cl.  Aerzte  in  Wien  May  1879,  Lond.  Med.  Record  1880)  in  such 
streaks  the  fibrous  bundles  of  the  cutis  are  stretched  but  not  ruptured  and  the 
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Fig.  143.    Senile  atrophy  op  the  skin. 

{Section  from  ahighly  degenerate  part  of  the  skin  of  the  forehead;  the  hair-f oil  ides  are  shrunken 

and  contain  epidermal  cells  and  retained  sebum,;  after  NEUMANN.) 
o,  cutis  with  turbid  granular  spots  in  it.  c,  cornified  cells  filling  the  hair-follicle. 

b,  shrunken  hair-follicle  with  the  outer  root-       d,  distended  sebaceous  gland 
sheath. 


papillae  are  more  or  less  obliterated.  The  white  color  is  due  not  so  much  to  the 
thinning  of  the  skin  as  to  the  parallel  arrangement  of  the  tibrous  bundles.  The 
white  patches  which  follow  upon  anasarca  are  of  a  like  nature. 

Cutaneous  atrophies  may  be  produced  by  pressure,  either  from  within  as  when 
tumors  force  their  way  through,  or  from  without  as  when  callous  parts  press  or 
rub  upon  other  parts.  Chronic  inflammations  and  certain  neuroses  also  lead  to 
cutaneous  atrophy,  which  has  the  same  general  characters  as  that  described  in 
the  text. 

Xeroderma  or  parchment-skin  is  a  peculiar  affection  described  by  Hebra  and 
Kaposi  (Diseases  of  the  shin  in.)  which  occurs  in  two  main  forms.  In  one  the 
skin  is  dotted  over  with  smooth  spots  of  yellowish-brown,  red,  and  white  ;  the 
epidermis  is  thin  dry  and  parchment-like,  being  either  smooth  or  furrowed  and 
wrinkled  ;  the  cutis  is  thin  and  tightly  stretched,  shrunken,  and  devoid  of  fat : 
the  affection  is  met  with  chiefly  in  children,  and  is  progressive.     In  the  other 
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form,  which  is  stationary,  tho  Hkin  is  white  and  tense  ;  and  the  epidermis  is  thin 
and  shiny  and  comes  oil  in  glistening  scales. 

3G5.  Atrophy  of  the  cutaneous  pigment  (iichroina  or  leukoicitiiia) 

iiiiiy  be  u  congenital  or  an  acquired  affection.  When  congenital  it  i.s 
described  as  albinism  ;  wlieu  acquired  as  vitiligo  or  leukoderma  arqiii- 
situm.  General  or  universal  albinism  consists  in  congenital  absence  of 
all  the  normal  pigment  of  the  body.  Albinoes  have  a  milk-white  or 
])inkisli  skin  ;  tlieir  hair  is  yellowish-white  and  silky,  the  iris  and  choi'oid 
are  uncolored,  and  therefore  show  the  red  tint  of  the  blood  they  contain. 
Albinism  is  not  very  common  among  Europeans,  but  it  is  common 
enough  among  negroes.  Partial  albinism  also  is  often  seen  in  negroes  ; 
they  have  one  or  more  patches  of  white  on  the  body,  but  the  eyes  are  not 
devoid  of  pigment. 

Vitiligo  sometimes  appears  without  any  discoverable  cause.  Some 
cases  seem  to  be  connected  with  certain  changes  in  the  cutaneous  nerves 
(Leloir, -4 rc7i.  de  physiol.  1881).  It  takes  the  form  of  white  or  pinkish 
patches  surrounded  by  a  zone  of  increased  pigmentation.  Occasionally 
by  the  growtli  and  coalescence  of  new  patches  the  affection  may  extend 
over  a  considerable  extent  of  the  skin. 

White  spots  may  follow  upon  inflammatory  affections  of  the  skin, 
such  as  boils,  lupus,  syphilitic  eruptions,  leprous  growths,  etc. 

Atrophy  of  the  pigment  of  the  hair  (canities  or  poliosis)  is  a  physio- 
logical phenomenon  when  it  occurs  in  advanced  age.  The  pigment- 
granules  in  the  cortical  substance  of  the  hair  diminish  in  number  ;  but 
this  is  because  the  formation  of  pigment  in  the  bulb  is  arrested  (Kaposi), 
not  because  the  pigment  already  existing  in  the  hair  is  destroyed. 

In  premature  grayness  the  process  is  the  same. 


CHAPTER  XXXTIIL 

INFLAMMATIONS    OF    THE    SKIN. 

c.     Transitory  eruptions  loitli   slight    exudation :    erythema,   papulce, 

urticm. 

366.  In  speaking  of  erythema  as  a  form  of  simple  cutaneous  hyperas- 
mia  (Art.  360)  we  pointed  out  that  any  intensification  of  the  process 
might  lead  to  exudation,  and  so  transfer  the  affection  from  the  category 
of  hyperaemia  to  that  of  inflammation  or  dermatitis.  There  is  no  very 
obvious  difference  in  appearance  between  erythematous  hypersemia  and 
erythematous  inflammation,  except  it  be  that  in  the  latter  the  affected 
part  is  somewhat  swollen.  If  the  exudation  is  confined  to  the  region  of 
a  few  papillae,  or  is  at  least  more  intense  at  some  spots  than  at  others 
around  them,  the  swelling  takes  the  form  of  small  circumscribed  solid 
elevations  known  as  papules  or  papulce.  If  the  group  of  swollen  papillae 
is  larger,  the  flattened  elevations  then  formed  are  called  wlieals  or 
urticcB.  When  the  exudation  is  still  more  abundant  the  irregular  pro- 
minences are  called  tubercules  or  tuhercula.  Wheals  and  tubercules 
often  become  pale  at  the  centre  while  the  margin  is  still  hyperaemic. 

Microscopic  examination  shows  that  these  swellings  are  mainly  due 
to  serous  exudation,  which  distends  the  meshes  of  the  corium  and  papil- 
lary layer  and  causes  the  cells  of  the  rete  mucosum  to  swell  up.  More 
intense  and  more  endui'ing  inflammation  is  accompanied  by  greater  ex- 
travasation of  cells,  so  that  the  fibrous  tissues  appear  infiltrated  with 
leucocytes. 

The  swelling  of  the  individual  cells  of  the  rete  sometimes  results  in 
the  liquefaction  and  destruction  of  some  of  them,  in  which  case  the 
papules  and  wheals  are  transformed  into  vesicles  (Art.  370).  The 
exuded  liquid  often  contains  red  corpuscles  ;  in  this  case  the  redness  of 
the  spot  does  not  wholly  disappear  when  pressed  with  the  finger,  but  a 
certain  amount  of  reddish  or  brownish  staining  remains. 

The  effect  of  such  inflammations  on  the  skin  is  generally  very  slight. 
The  exudation  being  mainly  liquid  is  readily  and  speedily  re-absorbed, 
and  there  is  often  nothing  left  to  indicate  the  existence  of  the  affection. 
In  some  cases  the  surface  layers  desquamate  in  the  form  of  thin  scales 
and  shreds,  or  if  haemorrhage  has  occurred  some  slight  pigmentation  re- 
mains, though  this  also  disappears  after  a  short  time. 
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367.  The  causes  of  these  slight  inflaminiitions  are  exceedingly  varioug. 
They  occur  after  external  injuries  of  many  kinds,  as  accessory  symptoms 
in  certain  infective  diseases,  and  in  affections  of  the  internal  organs. 
Fre(|uently  no  cause  at  all  can  be  assigned  ;  now  and  then  they  seem  to 
be  due  to  a  neurosis  of  the  vaso-motor  mechanism. 

Special  mention  must  be  made  of  the  following  forms,  among  the  many  wliich 
occur;  they  are  distinguished  by  their  special  course  and  symptoms. 

(1)  The  erujjtion  of  measles  (morbilli.  rubeola)  appeal's  first  on  tlie  face,  fore- 
head, and  temples,  and  thence  extends  over  the  back  of  the  neck,  the  shoulders, 
and  the  trunk.  It  forms  dull  red  or  raspberry-colored  patches  of  the  size  of  the 
linger-uail  or  larger,  with  a  tendency  to  crescentic  grouping  ;  tlie  patches  are 
either  level  with  the  skin,  or  slightly  raised  into  papules  corresponding  to  the 
openings  of  the  hair-follicles.  The  skin  and  subcutaneous  tissue,  especially  in  the 
face,  are  somewhat  swollen  and  oedematous.  The  patches  maj'  run  together  here 
and  there  but  they  never  become  quite  confluent.  In  a  few  hours  after  its 
appearance  the  eruption  becomes  pale,  leaving  the  skin  faintly  yellow  ;  and  pres- 
ently a  sligiit  branny  desquamation  follows. 

(2)  The  eruption  of  scarlatina  appears  first  on  the  neck  and  clavicular  region, 
and  thence  extends  over  the  back  and  breast  to  the  limbs.  At  first  it  takes  the 
form  of  minute  red  dots  closely  crowded  together  and  giving  the  skin  a  diffuse 
or  uniform  tint.  The  tint  is  at  first  pink,  afterwards  deep  red,  livid,  or  scarlet. 
The  skin  is  swollen  and  infiltrated.  The  eruption  lasts  one  to  three  days,  and  occa- 
sionally as  long  as  six  or  seven ;  it  then  fades  and  leaves  the  skin  stained  of  a 
yellowish-brown.  Afterwards  the  epidermis  desquamates  in  flakes  and  scales  of 
various  sizes  ;  if  the  flakes  are  large  the  desquamation  is  called  membranaceous, 
if  smallandthin  it  is  furfuraceous.  Occasionally  the  eruption  is  papular,  tubei  cu- 
lar  or  vesicular  {scarlatina  papulosa,  vesicularis,  pemphigoides},  and  not  infre- 
quently it  is  hsemorrhagic  {scarlatina  hceviorrhagica).  The  exudation  poured  out 
into  the  connective  tissue  is  somewhat  rich  in  cells. 

(3)  Erythema  exudativum  multiforme.  According  to  Kaposi  this  affection 
begins  as  an  eruption  of  fiat  slightly-prominent  circumscribed  and  scattered  spots 
{erythema  keve)  on  the  back  of  the  hands  and  feet  and  the  neighboring  parts  of 
the  arm  and  leg.  The  spots  are  at  first  the  size  of  a  pin-liead  but  presently  grow 
to  that  of  a  pea  ;  ihey  are  vermilion  in  color  and  turn  pale  when  pressed.  They 
grow  at  the  margins  while  the  centre  becomes  depressed  and  cyanotic;  the  larger 
spots  may  become  confluent.  Hsemorrliages  not  infrequently  occur.  As  tlie  red 
margin  extends  and  the  centre  fades  we  have  erythema  anmdare ;  if  several  rings 
encroach  on  each  other  we  have  erythema  gyratum  ;  a  red  spot  suiTounded  by  a 
pale  zone  and  that  by  a  red  zone  constitutes  erythema  iris ;  if  the  eruption  be- 
comes papular  it  is  erythema  papidatum ;  if  there  are  wheals  it  is  erythema  urti. 
eatum  or  lichen  urticatus ;  if  vesicles  are  formed  erythema  vesiculosum.  If  the 
formation  of  vesicles  goes  on  at  the  margin  -while  tlie  centre  recovers  we  have 
herpes  circinatus,  characterized  therefore  by  its  ring  of  vesicles  ;  if  a  vesicle  per- 
sists in  the  centre  it  is  herpes  iris.  Erythema  with  large  blebs  or  bullte  is  erythe- 
ma bidlosuvi.  A  brown  pigmentation  usually  remains  behind  after  the  eruption 
declines.  When  vesicles  have  formed  scales  and  scabs  are  left.  The  affection  lasts 
from  two  to  four  weeks  ;  its  cause  is  unknown. 

(4)  Erythema  nodosum  (dermatitis  contusiformis,  ^lrticaria  tuberosa)  is  char- 
acterized by  the  formation  of  large  blotches  or  rounded  nodes  usually  on  the 
lower  limbs.  It  is  sometimes  ushered  in  by  slight  fever.  The  blotches  are 
slightly  elevated  or  not  at  all,  and  are  bright  red  at  the  margins  and  purple  at 
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the  centre.  In  two  or  three  days  they  begin  to  fade,  passing  through  tints  of 
blue,  yellow,  and  green.  The  exudation  being  chiefly  serous  absorption  is  rapid, 
and  the  affection  leaves  nothing  behind  it  bui  a  slight  staining  of  the  skin. 

(5)  Traumatic  erythema  is  produced  by  irritation  of  the  skin,  mechanical, 
thermal,  or  chemical.  Mechanical  irritation  is  exemplified  by  the  friction  of 
clothes  or  of  two  parts  of  the  body  in  contact;  the  effects  of  thermal  irritation  b}' 
burns  or  frost-bites  of  the  first  degree;  chemical  irritants  are  such  as  turpentine, 
mercurial  ointment,  dilute  acids,  and  the  poisoa  of  insect-stings.  The  cutaneous 
inflammations  or  swellings  induced  by  frost  are  called  chilblains  or  perniones. 
Erythema  is  an  occasional  result  of  the  use  of  certain  medicaments  such  as  qui- 
nine, copaiba,  or  belladonna  (van  Ha.rlingen,  Arch,  of  Dermatology,  1880  ;  DuH- 
KiNG,  Diseases  of  the  skin  Philadelphia,  1S82  ;  Lewin,  Untoward  effects  of  drugs 
Detroit,  1883). 

(6)  Roseola,  or  the  rash  of  circumscribed  red  spots  which  occurs  in  connec- 
tion with  certain  general  disorders  of  the  system,  is  allied  to  the  exudative 
erythema.  It  is  described,  from  the  condition  with  which  it  is  associated,  as 
roseola  rheumatica,  choleraica,  typhosa,  cestiva,  infantilis,  etc. 

(7)  Pellagra  {mal  rosso,  mal  del  sole,  risipola  lombarda,  Lombardian  leprosy) 
is  a  peculiar  disorder  met  with  in  the  north  of  Italy,  Southern  France,  Spain,  and 
Eoumania.  It  appears  as  an  erythematous  rash  on  the  exposed  parts  of  the  body 
in  spring  and  summer,  and  disappears  in  autumn  with  desquamation  of  the  epi- 
dermis. Marked  disturbance  of  the  health  may  occur ;  the  patient  becomes 
debilitated,  and  nervous  symptoms  often  follow.  The  disease  is  apt  to  recur  in 
succeeding  years  (Mayr,  Hebrd's  Diseases  of  the  skin  (New  Syd.  Soc.)  i. ;  Kaposi, 
Path.  u.  Therap.  d.  Hautkr.  Vienna  and  Leipzig  1880 ;  Scheiber,  Viertelj.  f. 
Derm.  u.  Syph.  ii.;  Winterxitz,  ibid.  iii). 

(8)  Urticaria  or  nettle-rash  is  an  eruption  of  wheals  which  rise  and  disappear 
very  suddenly.  The  wheal  is  white  or  yellowish,  and  is  bordered  by  a  zone  of 
red.  Sometimes  small  vesicles  or  papules  are  formed.  The  rash  is  either  caused 
by  external  irritation  (such  as  the  stings  of  nettles,  of  jelly-fish,  or  of  insects),  or 
it  is  a  symptom  of  some  irritation  elsewhere,  especially  in  the  alimentary  canal. 

b.     Eruptions  luith  considerable  exudation:   tuiercula,  squamcB, 
vesiculce,  pustules,  crustcB. 

368.  The  affections  we  have  next  to  consider  are  described  collectively 
as  phlyctaBnoses,  and  are  distinguished  from  the  erythematous  erup- 
tions by  the  more  intense  character  of  the  inflammatory  changes  involved. 
In  many  of  them  moreover  the  duration  of  the  affection  is  greater,  and 
recovery  is  less  easy  or  less  complete. 

The  inflammatory  infiltration  may  be  diffuse  or  circumscribed.  In 
recent  eruptions  the  cellular  exudation  lies  chiefly  in  the  neighborhood 
of  the  veins.  Degenerative  changes  in  the  epidermal  cells  and  fibrous 
tissue  may  precede,  accompany,  or  succeed  the  exudation.  In  later  sta- 
ges proliferation  of  the  cells  and  fibrous  tissue  is  set  up,  and  brings  about 
repair  or  hyperplasia  as  the  case  may  be.  The  efflorescence  or  mode  of 
appearance  of  these  inflammations  of  the  skin  is  very  various. 

The  infiltration  may  be  local  and  circumscribed,  forming  papules;  or 
it  may  be  extensive  and  diffuse,  giving  rise  to  remarkable  swellings.  The 
epidermal  layers  may  be  beset  with  vesicles,  pustules,  scales,  crusts,  or 
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scabs;  or  there  miiy  be  loss  of  part  of  their  subatunce,  tiud  tlie  exudation 
may  be  poured  out  on  the  free  surface. 

The  varieties  of  cutaneous  indanunation  or  dermatitis  sucli  as  we  arc 
considering  dilfer  widely  in  tlieir  general  clinical  course.  Some  arc  acute, 
others  are  chronic  and  occasionally  last  for  years.  Their  exciting  causes 
are  likewise  exceedingly  various,  so  that  it  is  difficult  to  lay  down  any 
general  proposition  Avith  regard  to  tlicir  a3tiology. 

3G9.  The  exudation,  whether  localized  or  diffuse,  consists  of  liquid, 
of  coagulated  fibrin,  and  of  cells.  The  latter  are  the  most  easily  recogniz- 
able constituent,  and  in  hardened  sections  are  often  the  only  one  which 
the  microscope  can  detect.     In  slight  cases  the  exudation  maybe  limited 


Fig.  144.    Section  through  a  syphilitic  mucous  patch. 
(Aniline-brown  staining:  X  100.) 


o,  horny  layer  of  the  epidermis. 

b,  rete  Malphigii. 

c,  cerium. 

d,  horny  layer  swollen  up  and  infiltrated 

with  leucocytes. 

e,  swollen  cells  of  the  rete  Malphigii. 

/,  swollen  epidermal   cells  infiltrated  with 
cells. 


0,  degenerate  epidermal  cells  into  which  leu- 

cocytes have  penetrated. 
h,  g^ranular  coagula. 
i,  swollen  and  inflltrat3l  papilla. 
k,  cerium  infiltrated  with  cells  and  fibrin. 

1,  lymphatic  vessel. 
m,  sweat-gland. 


to  the  neighborhood  of  the  papillae  (Fig.  144  i);  in  other  cases  the  cutis 
(Fig.  144  k  and  Fig.  14G  m)  and  even  the  subcutaneous  tissues  are  thickly 
infiltrated;  and  the  epidermis  may  also  (Fig.  14,4,/ gJi)  be  saturated  with 
exuded  liquid. 
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The  proportion  of  extravasated  cells  in  the  exudation  may  be  small  or 
large.  Recent  and  copious  exudations  (Fig.  145)  are  usually  poor  in  cells, 
older  and  slowly  accumulating  exudations  are  richer  (Figs.  144  and  146). 
When  the  exudation  coagulates  (Fig.  144  h)  granular  and  fibrous  masses 
are  formed.  The  liquid  effused  into  the  connective  tissue  lies  partly  in 
the  lymph-spaces  and  meshes,  partly  in  the  lymphatic  vessels  (Fig.  144  I). 

The  liquid  poured  out  from  the  papillse  passes  also  into  the  epidermal 
layers;  and  the  accompanying  cells  insinuate  themselves  between  the 
epidermal  cells  (Fig.  144/),  and  afterwards  actually  penetrate  them. 
The  epidermal  cells  become  in  this  way  distended  {f  g)  or  vacuolated 
(Fig.  146  ef),  and  the  protoplasm  and  nucleus  are  displaced.  The  nucleus 
may  persist  for  a  time,  but  it  ultimately  either  swells  up  or  crumbles  into 
fragments  and  so  perishes.  The  cell- membrane  withstands  destruction 
longest,  but  it  too  may  at  length  dissolve  (Art.  371). 

370.  In  many  cutaneous  affections  the  changes  in  the  epidermal  or 
epithelial  cells  do  not  cease  with  the  simple  swelling  just  described,  but 
go  on  to  the  destruction  and  disintegration  of  a  certain  number  of  the 
cells,  and  in  this  way  yesicles  and  blebs  or  blisters  are  produced.  The 
terms  vesicle  and  blister,  used  in  connection  with  cutaneous  inflamma- 
tions, imply  an  excavation  under  the  epidermis  due  to  destruction  and 
solution  of  some  of  the  cells.  Blisters  are  never  produced  by  the  mere 
collection  of  fluid  between  the  epidermal  layers,  say  between  the  horny 
and  the  mucous  layers.  But  blisters  may  be  formed  by  transudation 
under  the  epidermis  by  which  the  whole  membrane  is  raised  without 
change  over  a  definite  area.  Sucli  blisters  or  blebs  are  not  inflammatory 
in  their  origin;  they  are  due  to  vascular  engorgement,  and  are  met  with 
in  cases  of  extreme  oedema  of  the  integument.  The  transuded  liquid 
simply  raises  the  epidermal  from  the  fibrous  stratum.  Similar  blisters 
are  formed  in  '  putrefactive  and  gangrenous  affections  of  the  skin 
(Art.  42). 

Inflammatory  vesiculation  is  always  then  the  result  of  excavation  due 
to  destruction  of  epidermal  cells  in  the  softer  layers  of  the  epidermis,  the 
excavations  being  always  more  or  less  fully  occupied  by  exuded  liquid. 
The  epidermal  cells  may  perish  in  various  ways.  The  time  and  mode 
in  which  the  cells  die,  and  the  consistence  and  amount  of  the  exudation 
determine  the  character  of  the  vesicular  eruption.  Thus  if  the  cells  are 
directly  injured  and  killed  outright  (as  by  high  temperature),  while  the 
papillary  vessels  are  simultaneously  damaged  and  pour  out  abundant 
exudation,  the  dead  cells  are  very  rapidly  dissolved  and  disappear.  On 
the  other  hand,  if  the  injury  primarily  affects  the  vessels  of  the  cutis 
and  papillae  and  so  induces  exudative  inflammation,  the  cells  perish 
slowly  and  jDass  through  a  comparatively  prolonged  stage  of  mere  swell- 
ing. 

When  a  small  portion  of  the  skin  is  exposed  for  a  short  time  to  a 
high  temperature,  the  first  effect  is  a  marked  reddening  of  the  surface. 


INFLAMMATIONS    OF   THE    SKIN, 


511 


Then  the  horny  layer  is  raised  by  the  formation  beneath  it  of  a  cavity 
distended  with  fluid,  and  a  blister  is  produced. 

By  the  heat  the  epidermal  cells  are  partially  destroyed,  and  the  ves- 
sels of  the  cutis  are  more  or  less  disorganized.  Tlie  vessels  pour  out  an 
exudation,  which  passes  from  the  tips  of  the  papillae  into  the  epidermal 
layers.  The  cells  already  killed  or  injured  by  the  heat  are  tliereby 
swollen  up  (Fig.  145  d),  and  soon  dissolve  comioletely  (/").  This  takes 
place  at  first  immediately  over  the  papillae  {df).  The  inter-papillary 
cells  (e)  may  hold  out  for  a  time;  but  they  are  apt  to  be  stretched  and 
distorted  by  the  exudation,  and  as  soon  as  this  becomes  sufBcicntly 
abundant  they  too  swell  up  and  then  dissolve  {g).  Coagulation  sets  in 
as  the  cells  dissolve  and  the  place  is  taken  by  granular  and  fibrous  masses 
whose  forms  correspond  in  general  to  the  cell-areas,  and  so  maintain  for 
a  time  the  configuration  of  the  rete  Malpighii  (Fig.  140). 


Fig.  145.    Section  through  the  margin  of  a  buster  due  to  a  burn. 


{Carmine  staining:  X  150.) 

a,  horny  layer. 

b,  rete  Malpighii. 

c,  normal  papilla. 

d,  swollen  epidermal  cells,  in  some  of  which 

the  nucleus  is  still  visible,  in  others  not. 

e,  inter-papillary  cells,  those  below  being  un- 

injured, those  above    are    swollen  and 
stretchM  and  have  lost  their  nuclei. 


f,  fibrinous  mesh-work  (composed  of  cells  and 
exudation;  cell-structure  altogether  lost 
over  the  papillee). 

g,  swollen  denucleated  cells. 
h,  inter-papillary  cells  separated  from  the  cutis 

and  dissolving, 
t,  depressed  papilla,  infiltrated  with  cells. 
fc,  subepidermal  coagulated  exudation. 


The  free  and  abundant  exudation  whiuh  by  its  pressure  raises  the 
horny  layer  of  the  epidermis  depresses  and  flattens  the  papillee  (i).  If 
the  exudation  continues  after  the  solution  and  coagulation  of  the  epi- 
dermal layers,  the  entire  fibrinous  mass  may  itself  be  lifted  by  a  new 
accumulation  {k)  taking  place  beneath  it. 

371.   The  above  mode  of  vesiculation  occurs  only  in  cases  where  the 
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exudation  is  sudden  and  abundant.  When  the  inflammation  is  less  acute 
and  the  injury  to  the  epidermis  less  extensive  than  it  is  in  burns,  the 
vesicles  or  blebs  are  formed  more  gradually.  Thus  the  erysipelatous  in- 
flammation of  the  skin,  which  follows  upon  the  lodgment  in  its  lym- 
phatics of  certain  micrococci  (Fig.  146  h  i  Ic),  is  characterized  by  primary 
cellular  infiltration  {m)  of  the  corium  and  papillae.  When  the  exudation 
reaches  the  epidermal  layers  the  cells  {f)  begin  to  swell  up;  they  then 
become  vacuolated,  that  is  to  say  drops  of  liquid  (e)  distend  them  and 
displace  their  protoplasm  and  nucleus.  If  several  vacuoles  are  formed 
simultaneously  within  the  same  cell,  the  protoplasm  is  reduced  to  a  kind 
of  mesh- work  {g),  in  which  however  the  nucleus  can  generally  be  de- 
tected.   At  length  the  protoplasm  dissolves  completely  and  the  nucleus  is 
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Fig.  146.    Section  op  the  skin  in  erysipelas  eullosum. 
{Alum-carmine  staining,  mounted  in  Canada  balsam:  x  60.) 


a,  epidermis. 
6,  corium. 

c,  bleb  or  bulla. 

d,  root  of  the  bleb. 

e,  vacuolated  epidermal  cell. 
/,  swollen  cell  and  nucleus. 

r  0] ,  cavities'produced  by  solution  of  epidermal 
cells,  containing  fragments  of  cells  and 
pus-corpuscles. 


h  i,  lymphatics  filled  with  micrococci. 

fc,  micrococci  in  the  substance  of  the  tissue. 
I  Zj,  necrosed  tissue. 

m,  cellular  infiltration. 
nil,  flbrino-cellular  infiltration. 

n,  flbrino-cellular  exudation  within  the  bleb. 


broken  up  and  disappears.  The  cell  is  thus  replaced  by  a  cavity  (g) 
containing  liquid.  Several  such  cavities  next  coalesce  by  the  solution  of 
the  cell-membranes,  and  so  larger  and  larger  cavities  (vesicles  or  blebs) 
are  produced.  As  the  several  vesicles  become  more  and  more  distended 
the  cells  lying  between  them,  whether  healthy  or  degenerate,  become  com- 
pressed and  stretched  or  otherwise  distorted  (Fig.  147). 
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The  vesicles  of  small-pox,  herpes,  eczema,  and  many  other  eruptions 
are  formed  according  to  the  same  general  plan,  but  with  manifold  differ- 
ences in  details.  The  epidermal  changes  especially  are  apt  to  vary;  thus 
in  some  cases  the  cells  are  speedily  transformed  into  homogeneous  glassy 
flakes  or  into  granular  coagula,  in  others  the  nuclei  break  up»  into  frag- 
ments at  an  early  stage,  and  so  on. 

The  above  account  of  the  process  of  vesiculation  differs  in  many  points  from 
those  given  in  most  text-books  and  in  many  dermatological  memo'rs.  It  lays 
much  more  stress  than  is  usual  on  the  disintegration  and  solution  of  the  epider- 
mal cells  as  factors  in  the  process 


Fig.  147.    Section  through  a  vesicle  of  herpes  zoster. 
(From  HAIGHT,  Sitzungsber.  d.  k.  Akad.  in  Wien  1868:  X  450.) 


a,  band  traversing   the  cavity  of  the  vesicle 
composed     of   stretched    and   spindle- 
shaped  epidermal  cells. 


b,  loose     mesh-vs'ork,  composed    of   spindle 
shaped  cells  (&')  and  stellate  cells  (6"). 


The  author  claims,  however,  that  the  account  is  the  outcome  of  his  own  re- 
searches and  those  of  Touton,  who  worked  under  the  author's  direction.  Figs. 
145  and  149  are  taken  fi-om  Touton's  preparations,  and  are  discussed  in  his  paper 
entitled  Vergleichende  Untersuehungen  uber  die  Entstehung  der  Hautblasen 
Tiibingen  1883.     The  student  may  also  refer  to  the  papers  of  Weigert  (Anatomi- 
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sche  Beitrdge  ziir  Lehre  von  den  Pocken  Breslau  1874)  and  Unna  {Virch.   Arch, 
Tol.  69,  and  Vierteljahrsschriftf.  Derm.  u.  Syph.  v.). 

372.  The  vesicles  just  described  are  always  loculated,  owing  to  their 
mode  of  origin.  As  they  arise  from  a  number  of  contiguous  foci  of  de- 
generation and  solution,  fragments  of  cell- walls  and  compressed  or  dis- 
torted cells  are  left  stretching  across  the  cavity,  and  so  form  partial 
septa.  As  the  vesicle  develops,  these  septa  give  way  or  dissolve  one  after 
the  other,  and  the  loculi  run  together  (Fig.  148)  into  a  single  cavity  tra- 
versed by  mere  shreds  and  fibres. 

Meanwhile  the  contents  of  the  vesicle  usually  undergo  certain  changes. 
The  first  portions  of  the  exudation  into  the  epidermal  layers  are  generally 
poor  in  cells.  The  cavities  contain  only  a  few  fragments  (Fig.  146  g  gj 
of  disintegrated  epidermal  cells  and  a  few  migrated  blood-corpuscles. 
But  as  the  vesicle  grows  older  the  latter  increase  in  number,  and  when  it 
^'caches  a  certain  stage  its  liquid  contents  become  turbid  and  at  length 
purulent;  the  vesicle  becomes  a  pustule.  The  stage  at  which  this  oc- 
curs is  a  late  one  in  many  vesicular  eruptions  (variola,  burns);  in  others 
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Fig.   148.    A  small-pox  vesicle  passing  into  the  pustui^ab  stage, 

(Injected  preparation  stained  with  hcBmatoxylin:  X  25.) 

a,  homy  layer.  fe,  mucous  layer. 

d,    cutis.  e,  the  vesicle. 

/,  cavity  of  the  vesicle. 
/],  pus  corpuscles. 

g,  epidermal  detritus  and  pus-corpuscles  ly 
ing  between  the  papillae. 


h,  papilla  infiltrated  with  cells. 

i,  umbilication  over  the  thin  part  of  the  cap 

of  the  vesicle, 
i],  margin  of   the  vesicle  where    the    cap   is 
thicker. 


as  in  eczema,  it  is  early.  Sometimes,  however,  the  exudation  is  purulent 
from  the  beginning,  and  sometimes  it  contains  red  corpuscles,  so  that 
the  contents  of  the  vesicle  are  blood-stained. 

373.  When  a  dermatitis  results  in  infiltration  of  the  epidermis  with 
vesiculation  and  pustulation,  certain  other  changes  usually  ensue  which 
lead  to  the  formation  of  scales,  and  crusts  or  scabs. 

Scales  {sqiiamm)  are  small  bran-like  flakes,  or  larger  thin  white  or 
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dirty  gray  glistening  lamellaa  or  plates,  or  continuous  membranaceous 
blircds,  which  are  shod  from  the  surface  of  the  epidermis.  The  desqua- 
mation is  called  furfuraceous  vvlicu  the  scales  are  branny;  it  is  mem- 
braiiaceons  wlien  they  are  larger;  and  siliquose  when  the  scales  are 
chiefly  composed  of  the  horny  shells  of  dried- up  blebs.  The  scales  occa- 
sionally cohere  into  irregular  masses  or  thick  cakes. 

The  formation  of  scales  depends  in  part  on  excessive  production  and 
in  part  on  morbid  alteration  of  the  corneous  cells.  The  pathological  ele- 
ment of  the  process  is  this:  that  the  cells  forced  np  from  the  lower  layers 
of  the  epidermis  to  the  surface  do  not  pass  through  the  regular  stages 
of  cornification,  but  in  consequence  of  the  nutritional  disturbance  simply 
become  as  it  were  dried  up.  Scales  may  likewise  be  formed  in  consequence 
of  some  morbid  change  in  the  secretion  of  the  sebaceous  glands  (Art. 
403). 

Crusts  or  scal)S  {crustm)  are  formed  by  the  drying  of  epidermic  ex- 
udations. They  usually  result  from  vesicles  and  pustules  whose  contents 
have  ceased  to  be  liquid,  but  sometimes  the  primary  exudation  bursts 
through  the  swollen  epidermal  layers  and  is  effused  on  the  surface  of  the 
skin,  where  it  dries.  Scabs  are  often  formed  from  exudations  poured  out 
on  the  denuded  surface  left  after  some  loss  of  substance  or  excoriation  of 
the  epidermis,  such  as  is  caused  by  a  scratch  or  graze;  and  fissures  or 
rhagades  in  the  skin  usually  become  covered  over  with  crusts. 

If  the  exuded  liquid  is  serous  the  crusts  or  scabs  are  gum-like;  if  it 
contains  blood  they  are  brown  or  black;  purulent  exudations  dry  into 
dirty  brownish-yellow  scabs.  The  form  and  size  of  the  scabs  vary 
with  their  mode  of  origin.  The  skin  around  them  is  always  somewhat 
reddened,  and  their  base  is  swollen. 

374.  The  issue  of  the  processes  we  are  considering  is  generally  in 
recovery  and  repair,  but  permanent  alteration  of  the  skin  is  not  an  un- 
common result. 

When  recovery  is  about  to  begin  the  signs  of  inflammation  gradually 
disappear,  and  the  exudation  ceases.  Part  of  the  exuded  liquid,  namely 
that  within  the  fibrous  tissues,  is  absorbed;  that  which  lies  on  the  sur- 
face, together  with  the  dead  and  disintegrated  epidermal  cells,  is  thrown 
off,  and  the  defect  is  made  good  by  regenerative  multiplication  of  the 
cells  around. 

The  multiplication  takes  place  chiefly  along  the  line  where  the  rete 
Malphigii  borders  on  the  cavity  of  the  vesicle  (Fig.  149  d);  but  some 
share  in  the  process  is  also  taken  by  the  uninjured  interpapillary  cells,  and 
by  the  epithelium  of  the  sweat-glands  {h)  and  hair-follicles.  The  pro- 
cess of  repair  begins  soon  after  the  vesicle  is  formed,  in  burns  it  begins 
on  the  second  day;  masses  of  cells  are  produced  which  advance  gradually 
over  the  denuded  and  depressed  papilla  {d).  When  the  multiplication  has 
reached  a  certain  point,  differentiation  into  layers  begins  to  be  percepti- 
ble (i?J;  and  often  at  the  margin  of  the  vesicle  the  layers  are  complete 
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even  to  the  horny  surface  layer,  before  the  central  parts  are  covered 
over  (f/J. 

The  result  of  this  multiplication  and  growth  is  that  the  vesicle  witli 
its  contents  continues  to  be  thrust  upwards,  and  when  the  new  horny 
layer  is  complete  it  lies  as  it  were  between  two  horny  shells,  and  is  gen- 
erally by  this  time  dried  up  into  a  mere  crust. 

The  processi  is  different  when  part  of  the  cutaneous  fibrous  tissue? 
and  especially  the  papillary  layer,  has  become  necrosed  under  the  stress 
of  the  initial  inflammation  (Fig.  146  I^).  The  gap  thus  produced  is 
never  completely  repaired,  and  a  depressed  cicatrix  remains;  the  'pits' 
that  follow  the  eruptions  of  unmodified  small-pox  afford  the  best  exam- 
ple. 

Permanent  alterations  in  the  texture  of  the  skin  are  very  common 
after  long-enduring  or  often-repeated  inflammations.  They  are  of  the 
nature  of  hyperplasia,  or  of  atrophy,  of  the  epidermal  and  fibrous  struc- 


Fig.  149.    Blister  prom  a  burn  in  process  of  healing. 
{Section  through  the  skin  of  a  cat's  paw  forty-eiglU  hours  after  aburn:  alum-carmine  staining, 


a,  homy  layer. 

b,  rete  Malpighii. 

c,  corium. 

d,  new-formed  epidermal  cells,  undergoiri; 

differentiation  into  layers  at  dj. 


mounted  in  Canada  balsam:  X  25.) 

d^,  new-formed  horny  layer 
e,    the  old  degenerate  epidermis 
/,    pus-corpuscles. 
g,   secondary  exudation. 
h,  sweat-gland. 


tures.  In  the  latter  case  the  epidermis  and  corium  may  be  notably 
thinned,  and  the  papillge  depressed  and  stunted.  Hyperplastic  changes 
leave  the  epidermis,  and  especially  its  horny  layer,  thickened  and  con- 
densed, while  the  papillae  and  corium  grow  larger  and  stouter.  Pityri- 
asis rubra  (Art.  377)  is  a  good  example  of  a  cutaneous  inflammation 
ending  in  atrophy;  the  thickening  that  follows  chronic  eczema  (Arts. 
385,  413)  illustrates  the  hyperplastic  condition. 

More  or  less  permanent  pigmentation  is  another  common  result  of 
moderately  intense  inflammation  of  the  skin. 

375.  Erysipelas  is  an  acute  inflammation  of  the  integument  depend- 
ing upon  traumatic  infection;  it  takes  the  form  of  gradually  extending 
redness  and  swelling  accompanied  by  a  certain  degree  of  fever.     In  the 
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early  stages  tlio  skin  appears  tense  and  shining  and  of  a  bright  red  tint. 
Presently  it  becomes  more  or  less  livid  or  brown,  the  swelling  goes  down, 
and  the  epidermis  is  thrown  oU  in  scales  or  flakes. 

Sometimes  the  exudation  is  more  copious  and  tends  towards  the  sur- 
face, in  which  case  vesicles  and  blebs  are  formed,  and  the  eruption  is 
described  as  e7"i/sipelas  vesiculosum  or  hullosum  (Fig.  150).  When  the 
contents  of  the  vesicles  become  purulent  we  have  erysipelas  pustidosum, 
which,  as  the  pustules  dry  up  into  a  scab,  passes  into  erysipelas  crusto- 
sum;  or,  if  portions  of  skin  become  necrotic  or  gangrenous,  into  erysipe- 
las gangrenosum. 

When  examined  microscopically  the  erysipelatous  exudation  is  seen 
to  be  abundant,  serous  or  fibrinous  (Fig.  150  in  m^)  and  highly  cellular, 
and  it  infiltrates  the  entire  thickness  of  the  skin  and  the  subcutaneous 


Fig.  150.    Section  of  the  skin  in  erysiplas  buxxosum, 
{Aluvi-carmine  staining,  mounted  in  Canada  balsam:    x  60.) 


a,  epidermis. 

b,  corium. 

c,  bleb  or  bulla. 

d,  roof  of  the  bleb. 

e,  vacuolated  epidermal  cell. 
/,  swollen  cell  and  nucleus. 

ggi,  cavities  produced  by  solution  of  epidermal 
cells,  containing  fragments  of  cells  and 
pus-corpuscles. 


h  i,  lymphatics  filled  with  micrococci. 

k,    micrococci  in  the  substance  of  the  tissue. 
I  li,  necrosed  tissue. 

m,  cellular  infiltration. 
VI I,  flbrino-cellular  infiltration. 

n,   fibrino-cellular  exudation  within  the  bleb 


connective  tissue.  The  vesicles  and  blebs  are  formed  (Art.  371)  by  the 
liquefaction  and  disintegration  of  the  cells  of  the  rete  Malpighii  (e  f  g). 
The  liquefaction  commences  in  isolated  spots,  and  thus  the  first  cavities 
formed  are  sej)arated  by  cells  which  are  more  or  less  stretched  and  dis- 
torted; but  as  the  cavities  coalesce  these  septa  break  down  and  disap' 
pear  (c). 

11 
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The  originating  cause  of  erysipelas  is  to  be  sought  in  an  invasion 
of  micrococci  {h  i  k),  which  gaJu  entrance  at  some  wounded  part  of  tha 
slcin  (Art.  204).  They  proceed  to  multiply  within  the  lymphatics  [li) 
and  at  length  comjaletely  fill  them  (^).  From  the  lymphatics  they  pass 
into  the  connective  tissue,  where  they  form  coherent  masses  [h)  or  chap  - 
lets.  The  tissue  around  these  colonies  becomes  necrotic  (/J,  and  pres- 
ently inflammatory  reaction  is  set  up.  The  extravasated  cells  may  bo 
scattered  irregularly  through  the  tissues,  or  be  arranged  in  elongated 
clusters. 

The  extent  of  the  necrosis  is  often  slight,  but  at  times  it  reaches  a 
considerable  magnitude  and  leads  to  serious  loss  of  substance,  as  in  gan- 
grenous erysipelas. 

Fehleisen  published  quite  recently  the  results  of  his  experiments  on  the  cul- 
tivation and  inoculation  of  the  micrococci  which  constitute  the  virus  of  erysipelas 
( Sitzungsberichte  d.  Wurzbiirg.  phys.-med.  Gesell.  1882).  Ztegler  {Naturfor- 
scherversammlung  in  Salzburg  1881)  made  inoculative  experiments  (Art.  204)  on 
rabbits,  but  they  all  led  to  a  fatal  result.  Fehleisen  while  confirming  Ziegler's 
vt^ork  was  able  to  preserve  the  animals  alive,  and  to  watch  the  process  of  repair 
to  its  issue  in  complete  recovery.  He  cultivated  the  micrococci  '  purely '  on  gel- 
atine impregnated  with  peptonized  meat-infusion,  and  effected  a  successful  inoc- 
ulation on  the  human  subject  with  micrococci  of  the  fourth  artificially-cultivated 
generation;  perfectly  typical  erysipelas  was  induced.  After  these  experiments 
the  specific  significance  of  the  micrococci  can  hardly  be  doubted. 

376.  Psoriasis  is  a  chronic  disease  of  the  skin  characterized  by  the 
formation  of  dry  glistening  white  scales.  They  are  piled  uj)on  each  other 
in  small  heaps,  or  over  large  discoid  patches,  which,  have  a  definite  red 
slightly  raised  base  that  is  easily  made  to  bleed  (Kaposi).  The  erup- 
tion begins  in  minute  brownish-red  nodules  which  in  a  day  or  two 
become  covered  over  with  epidermal  scales.  If  the  scales  are  removed  a 
bleeding  point  appears  on  the  reddened  base.  When  the  nodules  are 
numerous  and  discrete  the  disease  is  distinguished  as  psoriasis  punctata; 
where  the  patches  and  scales  are  larger  we  have  psoriasis  guttata  andpso- 
riasis  nummularis. 

As  the  disease  passes  away  the  base  becomes  pale  and  the  scales  are 
shed;  the  skin  may  at  once  assume  its  normal  appearance  or  remain  pig- 
mented for  a  time.  Often  the  patches  heal  in  the  centre  while  the  mar- 
gins are  still  advancing;  in  this  case  the  affection  is  named  psoriasis 
a7niularis  ov  gyrata.  The  disease  may  occur  at  any  spot,  but  it  chiefly 
affects  the  region  of  the  knee  and  elbow,  the  scalp,  and  the  sacral  re- 
gion.    Both  the  hair  and  the  nails  may  be  destroyed  in  the  course  of  it. 

The  histological  changes  induced  by  psoriasis  relate  essentially  to  the 
epidermal  cells,  the  papillae,  and  the  upper  strata  of  the  corium.  The 
two  latter  are  more  or  less  densely  infiltrated  with  leucocytes;  and  when 
the  disease  has  lasted  for  some  time  hyperplasia  of  the  superficial  fibrous 
tissue  and  the  papillae  is  usually  set  up.     The  morbid  process  may  occa- 
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sionally  extend  to  the  deeper  layers  of  the  corium  and  the  subcutaneous 
connective  tissue. 

As  regards  the  epidermis,  the  mucous  layer  and  especially  the  inter- 
papillary  parts  of  it  appear  overgrown.     The  cornification  of  the  surface 
layers  of  the  epidermis  i]  interfered  with;  the  cells  as  they  come  to  the 
surface  appearing  simply  to  shrivel  and  dry  up,  while  the  mutual  coho 
sion  of  the  layers  is  loosened. 

E.  liAi^a  {Viertelj.  f.  Derm.  u.  Sypli.  1879,  and  Sammlung  Min.  Vortrdge  208) 
announced  that  a  fungous  growth  was  always  present  in  the  patches  of  psoriasis; 
he  named  it  Epidermidophyton  and  regarded  it  as  the  exciting  cause  of  the  dis- 
ease. It  formed  filaments  and  spores  and  was  found  in  the  deeper  layers  of  the 
heaps  of  scales.  Ziegler  has  not  been  able  to  verify  the  discovery,  having 
found  nothing  in  the  diseased  patches  but  occasional  micrococci,  and  these  can 
hardly  be  regarded  as  the  specific  virus. 

On  the  histology  of  psoriasis  see  Neumann  {Med.  Jahrh.  1879),  R.  Robinson 
{Neiv  Yo7-k  Med.  Journ.  1879),  Jamieson  (The  histology  of  psoriasis  Edinburgh 
1879),  Thin  (Brit.  Med.  Journ.  1,  1881). 

377.  Pityriasis  rulbra,  or  general  exfoliative  dermatitis,  is  a  pecu- 
liar afEection  of  the  entire  skin,  the  only  symptoms  of  which  are  marked 
redness  and  desquamation;  neither  papules  nor  vesicles  nor  pustules  are 
ever  formed  (Kaposi).  The  scales  are  sometimes  small,  but  they  are 
often  of  considerable  size.  After  a  time  the  skin  becomes  smooth,  shin- 
ing, thin,  and  tense;  the  hair  falls  off;  and  when  the  disease  has  lasted 
for  a  year  or  more,  general  marasmus  and  death  ensue.  The  only  tex- 
tural  change  which  has  yet  been  made  out  is  a  moderate  amount  of  cellu- 
lar infiltration  in  the  cutis  and  papillary  layer.  No  special  changes  occur 
in  the  epidermis,  apart  from  those  associated  with  desquamation;  though 
in  late  stages  some  small-celled  infiltration  may  be  observed  in  isolated 
patches.  The  skin  is  generally  much  atrophied,  the  rete  Malpighii 
being  greatly  thinned,  while  the  papillae  are  dwarfed,  and  the  corium 
and  its  fibrous  bundles  have  much  the  same  look  as  in  senile  atrophy 
(Art.  363).     The  sebaceous  glands  and  hair-follicles  are  obliterated. 

QeeHEBKA  (Viertelj.  f.  Derm.  u.  Syph.  iii.),  Geber  (ibid,  ni.),  Fleischmann 
(ibid.  IV.).     For  cases  see  Duhring  (Diseases  of  the  skin  Philadelphia  1882). 

378.  Prurigo  is  a  disease  beginning  in  infancy  and  generally  persist- 
ing throughout  life.  It  consists  of  often-recurring  eruptions  of  miliary 
nodules  or  papules,  which  are  pale  or  pinkish  in  color,  hard  and  rough 
to  the  touch,  and  accompanied  by  severe  itching.  They  maybe  scattered 
irregularly  over  the  body,  but  they  are  often  confined  to  the  extensor 
surfaces  of  the  limbs,  the  flexor  aspects  being  quite  free  (Kaposi). 
Around  the  papules  there  is  a  certain  amount  of  cellular  infiltration  de- 
rived from  the  papillary  vessels.  When  the  affection  has  existed  for 
some  time  the  changes  in  the  skin  are  more  marked,  and  the  inevitable 
scratching  sets  up  eczematous  inflammation. 

379.  Papular  syphilides  are  of  two  chief  kinds,  distinguished  as 
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the  small  papular  (or  miliary)  and  the  large  papular  (or  lenticular) 
syphilid  e. 

The  sm-all  papular  syphilide  or  syphilitic  lichen  consists  of  small 
nodules  of  about  the  size  of  a  pin-head  arranged  in  clusters  or  rings;  as 
the  eruption  fades  desquamation  takes  place,  and  shallow  pits  remain 
in  the  skin. 

The  large  papular  syphilide  consists  of  sharply-defined  hard 
nodules  as  large  as  a  hemp-seed  or  larger,  which  increases  in  size  by 
marginal  growth.  As  they  fade  and  desquamate  they  leave  behind  pits, 
which  at  first  are  pigmented  but  afterwards  assume  a  glistening  white 
appearance.  Papules  are  sometimes  formed  on  the  palms  and  soles,  and 
result  in  membranaceous  desquamation:  this  constitutes  what  is  called 
palmar  or  plantar  (syphilitic)  psoriasis.  The  separate  papules  are  recog- 
nizable in  the  earlier  stages  of  the  affection,  but  after  a  time  they  coalesce, 
and  diffuse  infiltration,  with  callous  thickening  of  the  epidermis,  is  all 
that  appears. 

Mucous  patches  or  condylomata  lata  are  also  classed  with  the  papu- 
lar syphilides.  They  are  flattened  discoid  elevations  covered  with  a  moist 
grayish  exudation.  They  develop  from  originally  discrete  papules  in 
parts  where  folds  of  skin  are  in  contact  and  keep  each  other  moist,  sucli 
as  the  labia,  perineum,  anus,  scrotum,  penis,  and  axilla,  and  occasionally 
the  mouth. 

A  section  through  such  a  patch  shows  that  the  elevation  of  the  skin 
is  due  to  an  infiltration  extending  (Art.  3G9)  to  the  epidermis  (Fig.  151 
f  g  li),  as  well  as  into  the  papillary  layer  (i)  and  corium  {Jc).  The  exu- 
dation consists  of  leucocytes  and  fibrin  {Ji  h),  and  its  presence  causes  the 
papillae  to  be  greatly  enlarged  and  the  epidermal  layers  to  be  greatly 
thickened.  The  latter  effect  is  increased  by  an  increase  in  the  produc- 
tive activity  of  the  epidermal  cells.  The  patch  may  disappear  by  the 
absorption  of  the  cellular  and  fiquid  exudations,  and  the  incrustation  and 
shedding  of  the  diseased  cjaidermis.  The  swelling  first  goes  down  in  the 
middle  of  the  patch,  while  the  margins  still  remain  infiltrated.  The  af- 
fected tissue  disintegrates  .and  sujopurates,  giving  rise  to  an  ulcer  with 
infiltrated  margins;  and  as  this  dries  up  a  crust  is  formed  which  is  ulti- 
mately shed.  With  reference  to  the  primary  syphilitic  affection  see 
Art.  391. 


The  various  skin  eruptions  of  syphilis  differ  remarkably  in  appearance.  A 
small  papular  syphilide  seems  to  have  little  in  common  with  a  mucous  patch,  or 
a  pemphigoid  syphilide  (Art.  386)  with  a  papular  eruption  or  a  hard  sore  (Art. 
391).  Yet  in  all  these  cases  the  fundamental  pi-ocesses  are  closely  related,  and 
differ  simply  in  degi'ee  and  extent.  In  all  of  them  the  essential  part  of  the  pro- 
cess is  the  induction  of  circumscribed  inflammations  accompanied  by  a  compara. 
tively  abundant  cellular  exudation.  The  exudation  usually  shows  no  sign  of 
commencing  organization,  but  is  either  re-absorbed,  or  cast  off  with  the  necrosed 
and  disintegrated  tissue  in  which  it  lies.     Even  when  the  seat  of  inflammation 
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attains  the  form  and  texture  of  a  patcli  of  granulation-tissue  (Art.  391)  suppura- 
tion and  disintegration  usually  sup<r\  cnc. 

The  essential  element  of  the  syphilitic  eruptions  is  the  papule;  the  eonsecu- 
tive  appearance  of  scales  or  vesicles  or  pustules  is  of  secondary  importance,  as  are 
also  the  mere  size  or  extent  of  the  affected  area. 

380.  Lupus  erythematosus  is  a  diseaso  which  begins  with  an  erup- 
tion of  raised  red  specks  or  spots  (Kaposi).  They  arc  dcin'csscd  in  tl)e 
centre,  or  glistening  and  scar-like,  or  caj^jied  with  a  thin  adherent  scale. 
Tlie  reddened  margin  advances  gradually  while  the  centre  becomes 
scarred  over,  and  thus  iu  the  course  of  some  months  a  red- bordered  disc 
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FiQ.  151.    Suction  through  a  syphilitic  mucous  patch. 

(Aniline-brown  stahiing:  X  100.) 

a,  horny  layer  of  the  epidermis.  g,   degenerate    epidermal    cells,    into    which 

6,  rete  Malpighii.  leucocytes  have  penetrated. 

c,  coriura.  h,  granular  coagula. 

d,  horny  layer  swollen    up  and  infiltrated        i,  swollen  papilla  infiltrated  with  cells. 

with  leucocytes.  k,  corium  infiltrated  with  cells  and  fibrin, 

c,  swollen  cells  of  the  rete  Malpighii.  I,  lymphatic  vessel. 

f,  swollen  epidermis  infiltrated  with  cells.  m,  sweat-gland. 

is  formed  {liqms  erythematosus  discoides).  In  other  cases  the  disease 
advances  not  by  the  growth  of  old  spots  but  by  the  continual  develop- 
ment of  the  new  ones  {hqnis  erytliematosus  disseminatus). 

The  morbid  process  consists  in  an  inflammation  of  the  cutis,  espe- 
cially in  the  neighborhood  of   the  sebaceous  and  sudoriparous  glands 
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(Kaposi  and  Thie").  The  epithelium  of  the  glands  multiplies,  the  epi- 
dermis is  swollen,  and  scales  and  sometimes  vesicles  are  formed  on  its 
surface.  In  the  later  stages  both  the  epidermal  and  fibrous  constituents 
of  the  skin  become  atrophied. 

See  Hebra  and  Kaposi  {Diseases  of  the  sJcin  rv.),  Geber  {Viertelj.  f.  Derm.  u. 
Syph.  III.),  Thin  (Med.  chir.  Trans.  1875),  Stroganow  (Ce?if./.  d.  med.  Wiss.  48, 

1877). 

381.  Burns  and  blisters.  When  the  skin  is  exposed  to  the  action 
of  heat  in  such  a  way  that  the  epidermis  is  killed,  while  the  underlying 
cutis  and  its  vessels  are  injured  but  not  killed  outright,  blisters  are 
formed  on  the  surface;  in  other  words,  the  skin  reddened  by  congestive 
hypersemia  is  raised  into  vesicles  or  blebs  containing  clear  liquid.  The 
changes  through  which  such  a  blister  may  pass  are  various.  Usually  the 
lost  epidermis  is  quickly  replaced  by  regenerative  growth  under  cover  of 
the  horny  shell  of  the  blister  (Art.  374,  Fig.  149).  The  exuded  liquid 
disappears  by  evaporation,  and  if  after  a  day  or  two  the  dry  shell  of 
epidermis  be  removed  the  denuded  surface  will  be  found  completely 
covered  with  new  epidermis,  and  the  injury  is  indicated  only  by  the 
bright  red  tint  of  the  spot. 

When  irritant  matters  gain  access  to  the  denuded  papillary  surface, 
as  may  happen  if  the  skin  of  the  blister  is  prematurely  removed,  the 
healing  process  is  notably  delayed.  The  exudation  of  liquid  and  cells 
continues  for  some  time  longer,  the  deep-red  surface  secreting  a  more  or 
less  turbid  liquid  (catarrhal  exudations).  But  presently  this  ceases  and 
the  epidermis  is  reproduced.  This  more  protracted  process  of  repair  is 
to  be  looked  for  when  the  injury  caused  by  the  burn  extends  to  the 
papillae  and  deeper  layers  of  the  cutis. 

The  blisters  caused  by  cantharides  are  of  much  the  same  charac- 
ter, but  the  swelling  and  solution  of  epidermis  is  usually  less  sudden  and 
less  extensive.  Denucleated  continuous  masses  are  sometimes  formed 
from  the  necrosed  epidermal  cells. 

We  may  perhaps  remind  the  student  that  burns  may  be  of  very  different 
degrees  of  severity.  It  is  sufficient  for  most  purposes  to  distinguisli  three  degrees. 
In  the  first  there  is  merely  erytliematous  reddening  of  the  skin;  in  the  second 
blisters  are  formed;  in  the  third  some  portions  of  the  fibrous  structures  are  de- 
stroyed (Art.  389).  Many  transitional  grades  exist  between  these:  for  example,  in 
burns  of  the  second  degree  it  often  happens  that  not  all  of  the  epidermal  layers 
become  necrotic,  but  only  the  surface  layers.  Accordingly  the  general  course  of 
the  process  and  the  accompanying  series  of  textural  clianges  wdl  vary  in  differ- 
ent cases.  The  solution  of  the  epidermal  cells  in  the  exuded  liquid  is  in  fact  sel- 
dom so  complete  or  so  general  as  might  be  inferred  f rona  the  text,  and  the  sur- 
viving cells  may  be  strangely  distorted  and  displaced  (Art.  371).  When  the  in- 
jury is  very  severe,  so  that  inflammation  of  the  denuded  structures  persists  for 
some  time,  pus-corpuscles  may  be  found  not  only  in  the  surface  strata,  but  also 
in  the  fibrous  structures  beneath. 

382.  Miliaria  crystallina  or  sudamina  are  small  watery  vesicles 
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covered  by  a  delicate  film  of  epidermis,  which  sometimes  appear  in  the 
course  of  puerperal  fevers,  typhoid,  acute  rheumatism,  etc.,  and  last  for 
a  few  days.  They  occur  chiefly  on  the  trunk.  In  this  as  in  other  ve- 
sicular eruptions,  the  epidermal  cells  are  partly  dissolved,  the  solution 
being  preceded  by  serous  infiltration  of  the  papillae  as  well  as  of  tlie  epi- 
dermis. After  a  short  time  the  epidermis  is  reproduced  beneath  the  ves- 
icle, Avhose  contents  are  at  first  mainly  liquid  but  afterwards  contain 
cells.  When  a  new  horny  layer  is  formed  the  contents  are  enclosed  as  it 
were  between  two  shells.  The  cellular  infiltration  of  the  corium  per- 
sists for  some  time,  the  lymphatics  especially  continuing  to  retain  the 
extravasated  cells  with  which  they  are  filled. 

383.  Herpes  is  an  acute  affection  running  a  typical  course  (Kaposi) 
characterized  by  the  formation  of  clusters  of  watery  vesicles  on  certain 
parts  or  regions  of  the  body,  and  passing  through  a  definite  cycle  of  sta- 
ges within  a  short  period  of  time. 

The  eruption  first  appears  as  a  group  of  minute  papular  elevations  of 
the  skin,  which  rapidly  become  infiltrated  with  watery  serum  and  become 
vesicles.  This  is  the  climax  of  the  process:  the  vesicles  last  one  to  four 
days  and  then  dry  up  into  crusts.  Beneath  the  crusts  regenerative  pro- 
liferation of  the  epidermis  takes  place,  the  lost  tissue  is  thus  made  good, 
and  the  crusts  are  gradually  loosened  and  cast  off. 

The  vesicles  of  herpes  take  their  rise  in  the  deeper  layers  of  the  rete 
Malj)ighii;  its  cells  swell  up  and  become  vacuolated  (Art.  371),  or  become 
compressed  and  distorted  as  the  exudation  accumulates. 

The  contents  of  the  vesicles  consist  of  serum,  fibrinous  coagula,  and 
pus  corpuscles,  the  latter  especially  in  the  later  stages.  The  papillae  are 
infiltrated  more  or  less  intensely  with  serous  liquid  and  leucocytes,  and 
occasionally  hemorrhage  takes  place.  Sometimes  this  may  lead  to  the 
destruction  a  few  of  the  papillae,  and  then  a  scar  is  left  after  the  eruption 
passes  away. 

Five  forms  of  herpes  are  distinguished  according  to  their  seat  and  mode  of 
origin. 

(1^  Herpes  zoster  (2071a  ov  shingles)  is  an  eruption  of  vesicles  clustered  over  the 
area  supplied  by  a  cutaneous  nerve;  it  is  almost  always  unilateral.  The  contents 
of  the  vesicles  remain  clear  for  three  or  four  days,  then  they  become  turbid  and 
purulent.  Yellowish-brown  crusts  are  formed  as  the  vesicles  dry  up.  Sometimes 
hemorrhage  takes  place  into  the  vesicles. 

B?JGHT  (Medical  Cases  li.  London  1831)  suggested  the  connection  of  the  erup- 
tion with  disorder  of  a  sentient  nerve,  and  Barensprung  (Charite  Annalen  ix., 
"SI.,  Brit.  For.  Mad.  Chir.  Rev.  1852)  demonstrated  the  fact,  and  showed  that 
simultaneous  changes  sometimes  occur  in  the  spinal  ganglia  and  Gasserian  gan- 
glion. Rayer,  Weidner,  E.  Wagxer,  Charcot,  Kaposi,  Bohn,  E.  Lesser, 
Neumann,  and  others  have  verified  the  observation,  and  have  shown  that  affec- 
tions of  the  cord  and  of  the  peripheral  nerves  may  give  rise  to  vesicular  erup- 
tions. The  nerve-affections  referred  to  are  partly  primaiy,  partly  secondary  to 
some  affection  in  their  neighbofliood  or  to  some  mechanical  injury.     The  morbid 
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change  is  generally  of  the  nature  of  inflammation  or  haemorrhage,  in  conse- 
quence of  which  nferve-fibres  and  ganglion  cells  are  injured  or  destroyed. 

References:  Kaposi,  Wien,  med.  Woch.  1874,  1875,  1877,  Lond.  Med.  Record 
1876;  BOHN,  Ja7ir5. /.  Kinderheilk.  ii.  (1869);  Charcot  Diseases  of  the  Nervous 
System  vol.  i.  (New  Syd.  Soc.)  1877;  Haight,  Sitzungsber.  d.  k.  Wien.  Akad. 
1868;  Weidner,  Berl.  klin.  Woch.  7,  1870;  Wagner,  Arch.  d.  Heilk.  xi. ;  Wyss; 
ibid.  xii. ;  E.  Lesser,  Virch.  Arch.  vol.  86;  Neumann,  Lehrb.  d.  Hautkrank.  Vi- 
enna 1880;  Ross,  Diseases  of  the  Nervous  System  i.  London  1883, 

(2)  Herpes  labialis  (facialis)  is  an  acute  eruption  of  vesicles  on  the  lips  or 
around  the  mouth  and  nostrils.  The  vesicles  last  two  or  three  days  and  dry 
up  under  a  crust,  without  scarring.  Its  cause  is  unknown,  but  it  is  very  often 
observed  in  connection  "with  pneumonia  and  intermittent  fever,  and  more  rarely 
in  typhoid. 

(3)  Herpes  progenitalis  (prceputialis)  affects  the  penis,  clitoris,  or  labia;  its 
course  is  similar  to  that  of  herpes  labialis. 

(4)  Herpes  iris  and  herpes  circinatus  are  according  to  Kaposi  the  same  as 
erythema  iris  and  circinatus  (Art.  367).  The  vesicles  occur  on  the  back  of  the 
hands  or  feet  and  form  separate  or  concentric  circles;  they  fade  after  eight  or 
ten  days, 

(5)  Herpes  tonsurans  vesieulosis  is  a  special  form  of  tinea  (herpes)  tonsurans 
(Art,  411),  an  affection  caused  by  a  vegetable  parasite.  Circles  of  vesicles 
of  various  sizes  are  formed  by  successive  marginal  crops  starting  from  a  centre; 
the  older  vesicles  dry  up  as  new  ones  develop. 

384.  Pemphigus  is  an  eruption  characterized  by  the  formation  of 
vesicles  and  blebs  varying  in  size  from  that  of  a  small  pea  to  that  of  a 
goose's  egg.  The  vesicles  are  usually  preceded  by  red  spots  and  wheals, 
but  they  may  rise  on  what  seems  unaltered  skin.  The  contents  are  at 
first  clear  and  watery,  or  it  may  be  slightly  blood-stained;  but  afterwards 
they  become  turbid  and  purulent.  The  exudation  at  length  dries  up 
and  crusts  are  formed,  under  which  the  lost  epidermis  is  reproduced 
{pempJiigus  vulgaris).  In  other  cases  the  regeneration  of  the  epidermis 
does  not  at  once  take  place,  and  the  separation  of  the  epidermal  layer 
covering  the  bleb  extends,  so  that  at  length  a  large  area  of  the  corium 
may  be  denuded  {pemphigus  foliaceous).  When  the  skin  of  the  bleb  is 
removed  the  exposed  surface  is  red  and  moist  until  a  crust  is  formed  from 
the  superficial  exudations.  In  such  cases  the  corium  is  always  more  or 
less  infiltrated,  and  sometimes  it  may  in  part  become  necrotic  and  break 
down  [pempMgns  malignus  and  cUphtlieriticus).  G-ranulations  are  then 
produced,  but  they  too  are  very  liable  to  necrosis  (Kaposi). 

The  smaller  vesicles  are  usually  loculated,  the  large  blebs  are  single. 
The  under-surface  of  the  epidermal  shell  of  the  bleb  is  often  beset  with 
epithelial  projections,  which  have  been  pulled  out  of  the  tubes  of  the 
hair-follicles. 

Four  chief  forms  of  pemphigus  are  distinguished  according  to  their  clinical 
characters  (Kaposi), 

(1)  Pemphigus  acutus  is  an  acute  affection  manifested  by  an  eruption  of 
scattered  blebs,  with  or  without  fever.  The  blebs  last  a  few  hours  and  then  dry 
up  into  crusts.  'Wl:^pn  these  fall  off  the  corium  is  covered  with  new  epidermis, 
and  the  attack  is  at  an  end. 
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(2)  Pemphigus  chronicus  vulgaris  is  characterized  by  the  formation  of 
large  tense  blebs,  accompanied  by  a  certain  amount  of  fever.  The  erupti<jn  take 
jjlace  by  successive  crops.  According  to  the  mode  in  which  the  blebs  are 
grouped,  we  have  pemjMgus  disseminatiis  (scattered  irregularly),  pemphigus 
confertus  (closely  aggregated),  pemphigus  circinatus  (in  circles),  and  pemphigus 
gyratus  or  serpiginosus  (in  convoluted  or  undulating  lines).  The  disease  lasts 
from  two  to  six  months,  and  sometimes  ends  fatally.  Gibler  (Gaz.  de  Paris 
1881)  asserts  that  febrile  pemphigus  is  a  bactex'ial  affection. 

(3)  Pemphigus  foliaceus  is  the  severest  form  of  the  disease.  It  is  distin- 
guished by  its  progi-essive  character  and  the  imperfect  way  in  which  the  lost  epi- 
dermis is  reproduced.  After  months  or  years  the  entire  surface  of  the  body  may 
be  affected.  The  skin  is  then  in  places  brown  and  parchment-like,  in  others  red 
and  weeping;  the  spots  are  covered  with  crusts  and  fissured  in  various  ways. 

(4)  Pemphigus  syphiliticus  is  considered  in  Art.  386. 

385.  Eczema  is  a  skin-disease  which  may  be  acute  or  chronic;  the 
eruption  consists  of  papules,  vesicles,  or  pustules;  the  skin  is  more  or 
less  reddened  and  swollen,  and  desquamates,  or  "weeps,"  or  is  covered 
with  large  continuous  scabs.  Eczema  is  set  up  by  external  irritation. 
When  the  irritation  is  slight  the  eruption  consists  of  small  papules,  and 
thus  eczema  jxqndostcm  is  the  mildest  variety.  Somewhat  more  intense 
irritation  causes  small  vesicles  to  arise,  and  we  have  eczema  vesiculosumj 
when  the  vesicles  dry  up  they  are  cast  off  as  scales.  If  the  irritation  is 
still  more  intense  or  the  skin  highly  susceptible,  a  considerable  area  be- 
comes painfully  red  and  swollen  (eczema  erythematosum).  On  this  vesi- 
cles arise,  wliich  are  at  first  clear  but  soon  become  purulent  {eczema ])us- 
tulositm).  When  the  upper  shell  of  the  vesicles  is  removed  (as  by 
scratching)  the  exposed  surface  pours  out  liquid  and  is  said  to  '  weep ' 
{eczema  maclidans).  The  epidermic  surface  deprived  of  its  horny  layer 
by  desquamation  or  otherwise  has  often  a  deep-red  tint  {eczema  ruirum). 
Crusts  are  formed  by  the  evaporation  of  the  sero-purulent  exudation 
poured  out  on  the  surface  {eczema  crustosicm) ,  and  pus  sometimes  gathers 
beneath  the  crusts  {eczema  impetiginosum).  In  other  instances  new  epi- 
dermis is  formed  beneath  the  crusts;  when  the  crusts  are  cast  ofE  the  sur- 
face then  looks  red  and  brawny  and  scales  are  freely  shed  {eczema  squa- 
mosu7n).  As  the  disease  disappears  the  skin  gradually  recovers  its 
normal  appearance,  though  some  sliglit  pigmentation  often  remains 
(Kaposi).  An  eczematous  eruption  consisting  of  pustules  of  the  size  of 
a  small  pea,  and  drying  into  scabs  without  rupturing,  is  often  described 
as  impetigo.  Much  larger  pustules,  seated  on  an  inflamed  and  red- 
dened base  and  drying  into  brown  scabs,  constitute  ecthyma.  Imj)etigo 
contagiosa  is  a  contagious  eczematous  eruption  (Tilbury  Fox,  Brit. 
Med.  Joiirn.  1864;  Unna,  Viertelj.  f.  Derm.  u.  Syph.  vii.).  It  chiefly 
attacks  ill-fed  or  weakly  children,  and  affects  the  head  and  limbs:  vesicles 
as  big  as  a  cherry-stone  arise  on  a  reddened  base,  and  presently  dry  up 
into  yellow  crusts. 

The  inflammatory  process  in  eczema  is  often  chronic,  and  the  skin  is 
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then  beset   with   vesicles,  pustules,  scales,  and  scabs,  all  at  the  same 
time. 

The  textural  changes  in  the  cutis  consist  of  serous  and  cellular  infil- 
trations of  the  fibrous  tissue.  The  cellular  infiltration  is  especially 
dense  in  the  pustular  and  impetiginous  varieties,  and  the  subcutaneous 
tissues  are  often  infiltrated  in  the  same  way. 

As  regards  the  epidermis,  some  of  the  cells  of  its  mucous  layer  perish 
in  the  vesicular  stage,  and  some  are  compressed  and  stretched  into  fusi- 
form or  other  shapes.  The  liquid  exudation  contains  numbers  of  leu- 
cocytes, which  are  found  not  only  in  the  vesicles  but  also  scattered  among 
the  unaltered  epidermal  cells,  and  even  in  their  interior.  In  many  cases 
the  epidermis  perishes  outright,  and  even  the  papillae  may  be  destroyed 
when  the  inflammation  becomes  suppurative  {eczema  iinpetiginosum). 

The  after-effects  of  eczema  are  various.  Slighter  forms  leave  no  trace 
behind,  the  skin  being  restored  ad  integrum.  If  the  papillae  have  been 
injured  or  destroyed  they  are  not  replaced,  and  a  cicatrix  is  produced. 
Chronic  eczema  gives  rise  to  pigmentation,  and  to  hypertrophy  of  both 
epidermis  and  corium:  when  the  hypertrophy  is  great  the  skin  appears 
thick  and  dense  as  in  elephantiasis;  when  the  papilla  are  likewise  en- 
larged the  surface  becomes  warty  and  tubcrculated.  Hypertrophy  of 
the  epidermis  being  generally  accompanied  by  the  formation  of  plates, 
scales,  and  flakes,  an  appearance  recalling  that  of  elephantiasis  com- 
bined with  ichthyosis  is  produced  (Arts.  394,  396  and  413).  So  long  as 
the  inflammation  persists  the  hypertrophied  fibrous  tissue  is  thickly  be- 
set with  clusters  of  young  leucocytes.  They  are  occasionally  aggregated 
into  nodules  containing  giant-cells. 

386.  The  pustular  syphilide  follows  upon  the  papular  form  (Art. 
379)  by  the  development  of  pustules  above  the  papules.  Small  pustular 
and  large  pustular  varieties  may  be  distinguished.  The  latter  are  often 
described  as  syphilitic  variola,  acne,  or  impetigo.  The  pustules  are  sur- 
rounded by  a  red  infiltrated  raised  border.  When  the  papules  and  pus- 
tules grow  to  any  considerable  size  the  eruption  is  described  as  Joe??^7;7^^^ws 
syphiliticus,  and  when  these  harden  into  crusts  they  form  riqjia  sypliili- 
tica. 

The  syphilitic  pemphigus  of  infants  (Fig.  153)  calls  for  special 
mention.  It  occurs  chiefly  on  the  limbs  of  infants  suffering  from  con- 
genital syphilis,  and  may  appear  at  birth  or  in  the  first  few  weeks  of  life. 
The  vesicles  arise  in  the  same  way  as  other  inflammatory  vesicles,  by  the 
destruction  and  solution  of  the  cells  of  the  mucous  layer.  But  the  affec- 
tion is  distinguished  by  the  fact  that  the  floor  of  the  vesicles  and  blebs  is 
occupied  by  large-celled  vascular  granulation- tissue  {i)  developed  from  the 
cutis  and  papillse. 

Infantile  syphilitic  pemphigus  is  not  strictly  one  of  the  group  of  affections  we 
are  now  discussing.  It  differs  from  them  inasmuch  as  it  includes  the  formation 
not  only  of  an  inflammatory  exudation,  but  also  of  new-formed  vascular  granu- 


INFLAMMATIONS    OF    THE    SKIN. 


527 


lation-tissue.     It  has  been  mentioned  in  this  place  because  its  appearance  to  the 
naked  eye  so  closely  resembles  that  of  the  other  plilyctienoses. 

387.  Small-pox  or  variola  is  a  general  febrile  disease  characterized 
by  the  eruption  of  papules,  vesicles,  and  pustules,  and  caused  by  the 
the  infection  of  the  system  with  variolous  poison.  After  a  certain  inter- 
from  the  time  of  infection  the  skin  becomes  suddenly  beset  with  hard 
red  papules  of  the  size  of  a  pin-head,  surrounded  by  a  red  areola.  Some 
of  the  papules  enlarge  and  change  into  clear  vesicles  most  of  which  are 
nmbilicated,  i.  e.  depressed  in  the  centre.  In  two  or  three  days  the  con- 
tents of  the  vesicles  become  turbid,  and  the  vesicle  becomes  a  pustule. 
At  the  same  time  the  umbilication  usually  disappears,  and  a  zone  of 
intense  hypersGmia  is  formed  around  the  pustule.  In  three  or  four  days 
it  dries  to  a  brownish  scab,  and  tliis  in  a  few  days  more  falls  ofp,  leaving 


Fig.  lo'-l.    Infantile  syphilitic  pe-mphigus. 


{Section  through  the  margin  of  a  vesicle  , 
a,  normal  horny  laj'er  of  the  epidermis. 
6,  normal  rete  Malpighii. 

c,  corium. 

d,  swollen  and  desquamating  horny  layer. 

e,  swollen  cells  of  the  rete. 

/,  vacuolated  epidermal  cells. 


hcematoxylin  staining  :    X   200.) 

g,  remnants  of  the  rete  compressed  by  the 

contents  of  the  vesicle. 
h,  vesicle  produced  by  the  destruction  of 

the  deeper  laj^ers  of  the  rete. 
i,  granulations  arising  from  the  cutis  and 

papillas. 


behind  a  slightly  pitted  spot,  which  may  be  red  or  brown  or  white  in  color; 
in  a  short  time  the  spot  also  disappears. 

Frequently  however  the  course  of  the  disease  is  much  less  favorable. 
Some  of  the  pustules  do  not  heal  up  without  cicatrization,  so  that  scar- 
like pits  are  left  which  at  first  are  dark-red,  but  afterwards  are  white  and 
permanent.  This  is  especially  the  case  when  haemorrhage  takes  place 
into  the  pustule,  or  when  the  eruption  is  so  copious  that  the  pustules  run 
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together  (conflaent  small-pox).  The  skin  appears  rough  and  tuberculated 
mid  is  much  swollen.  When  the  cap  of  the  pustule  is  forced  off  by  the 
accumulating  pus  within,  the  suppurating  corium  is  laid  bare,  and  parts 
of  it  may  become  necrosed  or  gangrenous.  The  affected  spots  have  a 
dirty  gray  or  black  tinge. 

The  variety  distinguished  as  haemorrhagic  or  black  small-j)ox  {variola 
hmmorrUagica  or  purpura  variolosa,  Art.  361)  is  remarkable  for  the  dark- 
red  color  which  overspreads  the  entire  surface  of  the  body  as  the  fever  sets 
in.  Patches  of  haimorrhage  appear,  and  soon  enlarge  in  an  astonishing 
way.  Death  ensues  in  a  few  days,  and  on  post-mortem  examination 
haemorrhages  are  found  in  various  internal  organs.  In  other  cases  a 
multitude  of  small  hard  papules  appear  on  the  skin,  which  is  intensely 
swollen  but  not  necessarily  discolored  ;  haemorrhagic  patches  follow  in 
one  or  two  days,  and  speedily  coalesce  into  larger  ones.  This  form  also 
is  apt  to  end  fajfcally. 

388.  The  histological  changes  observed  during  the  evolution  of  the 
variolous  pustule  have  already  been  partially  treated  in  Arts.  371  and 
372.  The  first  change  is  the  swelling  up  of  the  cells  of  the  mucous 
layer  of  the  epidermis  immediately  over  the  tips  of  the  papillae.  Wei- 
GERT  has  shown  that  the  swollen  cells  are  transformed  into  pale  denucle- 
ated  masses  resembling  coagula.  This  is  followed  by  complete  necrosis 
and  solution  of  the  affected  cells  in  the  exudation  which  at  this  stage  is 
poured  out  from  the  papillary  vessels,  while  the  degenerative  swelling 
and  change  extend  on  all  sides.  Only  small  portions  of  the  epidermal 
tissue  withstand  solution,  and  these  are  chiefly  cell-membranes,  or  de- 
generate denucleated  or  sometimes  nucleated  masses  rejDresenting  coagu- 
lated cells;  these  are  stretched  and  compressed  by  the  accumulating  exu- 
dation into  bands  and  threads  and  partial  septa  crossing  the  excavations 
in  the  epidermis. 

Thus  at  the  climax  of  the  process  the  pock  or  vesicle  consists  of  a 
cavity  traversed  by  shreds  of  membrane  and  fibres  and  distorted  cells 
(Fig.  153  /■)  covered  at  its  highest  part  by  the  horny  layer  only  (/),  but 
towards  its  margins  by  some  of  the  surface  layers  of  the  epidermis  as 
well.  The  floor  of  the  cavity  is  formed  of  remnants  of  the  inter-papil- 
lary portion  of  the  rete  Malpighii  {g),  and  in  part  of  denuded  papillse 
(h).  The  papillae  and  the  upper  layers  of  the  cutis  are  swollen  and  be- 
set with  leucocytes;  and  the  liquid  contents  of  the  vesicle  already  contain 
numerous  free  cells  and  pus-corpuscles  (/"J. 

As  the  pock  becomes  a  pustule  the  number  of  pus-corpuscles  which 
pass  into  the  cavity  from  the  papillary  vessels  increases,  and  the  shreds 
and  septa  break  down.  The  pustule  dries  into  a  crust,  the  infiltrated 
cells  are  re-absorbed,  and  repair  begins  under  the  crust  starting  from  the 
margins  where  the  epidermal  cells  are  uninjured. 

A  pock  like  that  in  Fig.  153  leaves  no  scar  behind  it,  as  nothing  is 
destroyed  which  is  not  completely  replaced.     When  the  inflammation  is 
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more  intense  the.  process  of  healing  is  different,  inasmuch  as  the  papillae 
themselves  break  down  or  suppurate.  Complete  repair  is  no  longer 
possible,  and  the  site  of  the  pock  is  marked  by  a  cicatricial  depression 
(pock-mark  or  pit).  A  pock  in  which  the  papillary  layer  suppurates 
is  sometimes  called  a  diphtheritic  pock. 

Recent  researches  have  made  it  probable  that  small-pox  is  due  to  the  invasion 
of  a  specific  bacterium  (Art.  204).  Weigert  (Anat.  Beitrdge  zur  Lehre  von  den 
Pocken  Breslau  1874)  thinks  the  first  effect  of  the  virus  is  to  produce  necrosis  of 
the  epidermal  cells,  and  that  all  the  other  phenomena  are  due  to  the  reaction  set 
up  in  consequence  of  this  necrosis.  This  view  seems  somewhat  one-sided.  Even, 
if  we  grant  that  the  virus  has  a  destructive  action  on  the  epidei*mis,  there  appears 
no  reason  to  doubt  that  it  has  also  an  injurious  effect  upon  the  vessels,  producing 
in  their  walls  the  alterations  vrhich  lead  to  the  phenomena  of  inflammation.  The 
early  appearance  of  the  exudation  is  in  favor  of  such  an  inference,  and  the  epi- 
dermal changes  above  described  follow  naturally  upon  the  exudation. 

Unna's  statement  {Vireh.  Arch.  vol.  69)— that  the  pock  is  seated  on  the  deep- 


FiG.  153.    Section  op  a  variolous  vesicle  becoming  pustular. 
(Injected  preparation,  stained  with  hcematoxylin:  X  ^5.) 


a,  homy  layer. 

b,  mucous  layer. 

d,  cutis. 

e,  vesicle. 

/,  cavity  of  the  vesicle, 
/i,  pus  corpuscles. 

g,  fragments  of  epidermal  cells  interspersed 
with  pus-corpuscles. 


h  papilla  infiltrated  with  leucocytes. 

i,  umbilication  over  the  thinnest  part  of  the 

cap  of  the  vesicle. 
ii,  margins  of  the  vesicle,  where  the  cap 

consists  of  several  layers  of  epidermis. 


est  or  basal  stratum  (stratum  lucidum)  of  the  horny  layer — Ziegler  has  not  been 
able  to  confirm:  but  their  researches  were  not  carried  out  on  the  same  part  of 
the  body.  Ziegler  found  that  the  vesicles  were  seated  above  the  rete  Malpighii 
only  in  cases  where  a  certain  amount  of  regenerative  epidermal  proliferation 
had  taken  place  on  the  floor  of  the  cavity.  The  mode  in  which  this  would  tend 
to  raise  the  pock  towards  the  surface  has  been  pointed  out  in  Art.  374  (Fig.  149). 
Fig.  153  shows  how  the  regenerative  growth  of  the  epidermis  near  the  papilla  h 
on  the  left  margin  tends  to  thrust  the  vesicle  upwards. 

The  umbilication  of  the  vesicle  has  given  rise  to  some  controversy.    RiND- 
PLEiscH  {Pathological  Histology  vol.  i.  London  1872)  and  Hebra  (Diseases  of  tlie 
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sMn  I.)  think  the  roof  of  the  cavity  is  held  down  by  the  persistence  of  the  tube^ 
of  the  hair-follicles  and  sweat-glands.  Auspitz  and  Basch  {Vireh.  Arch.  vol.  28) 
maintain  that  the  distention  of  the  middle  parts  by  the  exudation  does  not  keep 
pace  with  the  elevation  of  the  margins  by  infiltrative  swelling.  Weigert  states 
that  the  shreds  and  partial  septa  which  cross  the  cavity  suffice  to  hold  down  the 
cap  in  its  centre.  Probably  both  the  factors  eniphasized  by  the  latter  authors 
come  into  play. 

The  vesicles  of  vaccinia,  produced  by  vaccination,  have  the  same  structure 
and  pass  through  the  same  stages  as  the  variolous  vesicle.  The  eruption  does  not 
tend  to  become  general. 

Chicken-pox  or  varicella  is  a  febrile  disease  characterized  by  eruptions  of 
vesicles  in  successive  crops,  and  caused  by  a  specific  contagion.  The  vesicles 
start  in  rosy  slightly  raised  spots,  which  speedily  become  infiltrated  and  dis- 
tended with  a  clear  liquid ;  they  are  usually  surrounded  by  a  reddened  areola.  They 
may  be  as  large  as  a  split  pea,  and  are  sometimes  unibilicated.  In  a  day  or  two 
their  contents  become  turbid,  and  then  they  rupture  or  dry  up  into  dark  ad- 
herent scabs.  As  the  scab  separates  a  reddish  stain  is  left,  which  usually  disap- 
pears in  a  few  days. 

c.  Eruptions  ending  in  necrosis,  suppuratiom,  ulceration,  or 
granulation. 

389.  The  affections  of  the  skin  which  we  have  hitherto  discussed 
have  been  inflammations  either  of  a  transient  kind  ending  in  complete 
recovery,  or  such  as  produce  sensible  changes  of  structure  but  not  com- 
plete destruction  of  the  skin.  Only  as  a  rare  exception  do  they  give  rise 
to  loss  of  substance  calling  for  repair  by  granulations  and  cicatricial 
tissue. 

The  processes  now  to  be  described  are  inflammations  which  issue  in 
suppuration  or  necrosis  of  portions  of  the  integument,  and  to  which  the 
development  of  granulations  and  cicatricial  tissue  is  the  ordinary  and 
typical  sequel. 

The  injurious  agencies  which  induce  the  skin-affections  of  this  group 
are  in  part  the  same  as  those  concerned  in  the  less  grave  affections;  but 
much  more  frequently  they  belong  to  a  special  and  peculiar  class,  namely 
the  class  of  specific  contagia  or  infective  poisons.  The  differences  in  the 
intensity  of  the  inflammatory  processes  set  up  are  in  part  due  to  differ- 
ences of  predisposition  in  the  patient,  and  in  part  to  differences  in  the 
intensity  of  the  injury  or  the  virulence  of  the  poison.  A  typical 
example  of  the  first  is  afforded  by  small-pox,  which  in  '  protected ' 
patients,  that  is  in  patients  with  but  slight  predisposition  to  the  disease, 
runs  a  mild  course  without  any  marked  after-effects:  in  unprotected  or 
predisposed  patients  the  inflammation  set  up  leads  to  extensive  and 
permanent  destruction  of  the  skin.  An  obvious  example  of  the  increase 
of  the  effect  with  increase  in  the  intensity  of  the  injurious  agency  is 
afforded  by  burns  of  the  third  degree  (Art.  381).  In  such  burns  the 
epidermis,  the  cutis,  and  perhaps  the  subcutaneous  tissue  are  destroyed 
or  killed:  intense  inflammation  then  ensues,  by  which  the  dead  tissue  is 
gradually  separated  from  the  living.     G-ranulations  are  developed  in  the 
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form  of  fleshy  upgrowths  from  the  floor  of  the  wound,  and  from  them 
scar-tissue  is  elaborated,  which  may  become  more  or  less  completely 
covered  over  with  new  epidermis  growing  from  its  margins.  The  scar 
is  smooth  and  devoid  of  any  regular  papillae;  and  it  soon  becomes  vas- 
<3ular  and  therefore  red  in  tint.  After  a  time  however  many  of  the 
vessels  shrivel  up,  the  tissue  becomes  pale,  contracts,  and  forms  a  white 
tense  puckered  cicatrix.  When  the  loss  of  substance  caused  by  the 
■original  burn  is  extensive,  the  contraction  of  the  scar  may  be  so  great 
that  the  function  of  the  part  (a  limb,  for  example)  may  be  seriously 
interfered  with. 

The  general  effects  of  high  temperatures  are  also  produced  by  mucli 
lower  temperatures,  the  difference  being  rather  one  of  extent  and  degree 
than  of  kind.  The  inflammation  induced  may  be  slight  and  transient, 
and  may  lead  to  necrosis  of  small  portions  of  the  integument.  The 
necrosis  is  followed  by  a  definite  inflammation  by  which  the  dead  tissue 
is  separated,  and  then  granulations  and  cicatricial  tissue  are  formed. 

Many  corrosive  chemicals  act  like  high  temperatures,  and  the  effects 
of  mechanical  injury  are  often  graduated  in  much  the  same  fashion 
according  to  the  intensity  of  the  injury.  Thus  cuts  and  wounds  which 
Ileal  up  without  loss  of  substance  may  be  distinguished  from  those  in 
which  deficiency  or  destruction  of  tissue  requires  to  be  made  good  by  the 
■development  of  a  bulky  cicatrix  (Arts.  106-111). 

It  need  hardly  be  said  that  the  above  account  by  no  means  exhausts  the  ways 
in  which  external  injury  may  affect  the  skin.  In  speaking  of  temperatures  we 
liave  had  in  mind  only  the  direct  effects  of  short  exposure  to  somewhat  high  and 
somewhat  low  temperatures.  But  it  is  well  known  that  exposure  to  temperatures 
differing  little  from  the  normal  may  produce  notable  effects  on  the  skin  if  it  is 
long  continued  or  frequently  repeated.  Repeated  cooling  of  the  feet  and  hands 
gives  rise  in  susceptible  patients  to  what  are  called  chilblains  (perniones),  that  is 
to  livid  swellings  of  the  skin  due  to  inflammatory  exudation  and  often  passing 
into  suppuration.  Similar  remarks  apply  to  many  other  varieties  of  injurious 
agency. 

390.  Of  the  cutaneous  inflammations  leading  to  suppuration  and 
necrosis  which  have  received  special  names  (on  account  of  their  peculiar 
course  or  mode  of  origin)  we  must  in  the  first  place  mention  two — 
namely  phlegmon  or  phlegmonous  inflammation,  and  malignant  pustule. 

Phlegmonous  inflammation  or  cellulitis  is  due  to  the  invasion  of  a 
micrococcus  (Art.  204)  which  enters  the  cutaneous  tissues  at  some 
wounded  spot.  In  the  living  patient  or  after  death  the  affected  skin  is 
intensely  reddened  and  swollen.  The  swelling  is  due  to  an  abundant 
infiltration  of  sero-purulent,  fibrino-purulent,  or  simply  purulent  liquid 
in  the  spaces  of  the  cutaneous  and  especially  the  subcutaneous  tissues. 
In  recent  cases  the  micrococci  are  also  to  be  found  in  these  tissue. 

The  violent  inflammation  set  up  and  the  consequent  disturbance  of 
the  circulation  lead  to  the  death  of  the  tissues  over  a  greater  or  smaller 
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area,  and  extensive  siippuration  results.  Collections  of  pns,  or  phleg- 
monous abscesses_,  are  thus  formed  in  the  skin  and  subcutaneous  tissue, 
and  they  contain  shreds  and  fragments  of  necrosed  tissue. 

Phlegmonous  inflammation  chiefly  occurs  in  the  limbs.  A  special 
variety  attacks  the  phalanges  of  the  fingers  and  leads  to  an  extremely 
painful  swelling  with  partial  suppuration:  it  is  called  whitlow  {panari- 
tium ov  par ony cilia  tendinosa). 

Malignant  pustule  or  specific  anthrax  is  an  affection  caused  by 
the  invasion  of  the  Bacillus  anthracis  (Arts.  186,  206).  It  almost  always 
fittacks  parts  that  are  habitually  uncovered,  and  especially  the  face.  In 
the  skin  it  begins  with  redness  and  swelling  which  spread  from  the  site 
of  infection.  This  last  soon  becomes  gangrenous  and  is  often  sur- 
rounded by  a  ring  of  dark  or  livid  blebs;  'a  small  umbilicated  bleb  some- 
times covers  the  site  itself.  Now  and  then  large  tumor-like  swellings 
arise,  whose  general  configuration  is  that  of  a  magnified  pock  (Koch), 
the  umbilicated  summit  being  dark-colored  and  the  margin  formed  by  a 
yellowish  circular  elevation.  When  the  blackened  epidermal  cap  is  cast 
off  a  clear  liquid  is  poured  out  from  the  diseased  tissue:  no  pus  is  ever 
formed.  The  swelling  is  due  to  sero-fibrinous  and  cellular  exudation. 
The  neighboring  lymphatics  and  glands  speedily  become  affected. 

An  affection  of  the  skin  resembling  that  due  to  anthrax  may  be  caused 
by  an  invasion  of  micrococci,  the  infection  starting  as  in  anthrax  from 
some  small  surface  wound.  Occasionally  it  may  be  caused  by  the  sting 
of  an  infected  insect.  The  intensity  and  extent  of  the  swelling  is  usu- 
ally greater  than  in  anthrax,  and  gangrene  sets  in  around  the  site  of  in- 
fection. After  the  necrosed  tissue  is  cast  off  the  wound  may  cicatrize  ; 
but  occasionally  fatal  blood-poisoning  is  induced. 

Another  allied  form,  also  due  to  bacteria,  is  the  so-called  hospital 
gangrene.  It  is  a  traumatic  infective  disease  which  may  attack  any 
wound,  but  is  most  apt  to  occur  in  connection  with  minor  surface  wounds 
like  those  due  to  cupping  or  leech-bites.  The  micrococcus  which  causes 
it  is  specific.  The  infected  wound  assumes  a  dirty  yellow  or  gray  tint 
and  becomes  gangrenous.  When  the  wound  contains  granulations  they 
become  discolored  and  change  into  a  yellowish  creamy  pulp  which  speed- 
ily breaks  down  and  liquefies,  and  the  wound  secretes  a  putrid  serous  or 
sanious  liquid. 

Gangrenous  bed-sores  are  not  to  be  confounded  with  specific  hos- 
pital gangrene.  They  occur  in  emaciated  patients  with  feeble  circulation. 
Very  slight  pressure  is  therefore  enough  to  cause  necrosis  of  the  skin. 
The  affected  parts  are  livid  or  black,  and  under  the  influence  of  ordinary 
septic  organisms  become  putrid  and  break  down.  The  commonest  sites 
of  such  bed-sores  are  over  the  sacrum,  great  trochanter,  and  heel.  They 
often  extend  through  the  skin  to  the  tissues  lying  beneath. 

Cadaveric  poison  (so-called)  is  apt  to  induce  grave  inflammation  lead- 
ing to  suppuration  and  necrosis.     The  affection  normally  continues  as  a 
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local  one,  painful  redness  and  swelling  are  set  up  round  the  infected 
spot,  and  these  are  followed  by  suppuration.  In  other  instances  the  in- 
flammation becomes  diffuse  and  phlegmonous,  or  lymphangitis  is  set  up 
in  connection  with  the  local  affection  (Art.  314).  When  it  becomes 
chronic,  hyperplasia  of  the  skin  with  enlargement  of  the  papillge  and 
thickening  of  the  epidermis  is  produced.  The  knotty  and  tuberculated 
projections  thus  formed  are  spoken  of  as  necrogenic  or  '  dissectiilg- 
room '  warts. 

391.  Ulcers  of  the  skiu.  A  cutaneous  ulcer  is  an  open  wound  ex- 
tending to  the  cutis,  the  tissues  of  the  floor  and  margins  being  infiltrated 
with  inflammatory  products  and  undergoing  progressive  molecular  disin- 
tegration. Many  ulcers  have  granulations  covering  their  floors,  which 
however  show  no  great  tendency  to  cicatrization. 

Ulcers  vary  greatly  in  their  outward  appearance.  Usually  the  floor 
is  covered  with  a  grayish  film  consisting  of  pus  and  necrotic  tissue.  The 
surface  of  the  floor  may  be  smooth,  or  nodulated,  or  irregularly  excavated. 
The  edges  may  be  raised  or  undermined,  or  abrupt  and  sharply  cut  or 
sloping  ;  they  may  be  regularly  rounded  or  sinuous  or  serrated.  The 
surrounding  parts  may  be  intensely  red  and  SAVollen  or  altogether  unal- 
tered, they  may  be  hard  and  densely  infiltrated  or  soft  and  cedematous. 
The  liquid  exuded  from  the  surface  may  be  scanty  or  abundant,  limpid 
or  thick  and  creamy.  Crusts  or  gum-like  pellicles  are  often  formed  as 
the  exudation  dries,  or  the  ulcer  may  be  covered  over  with  a  dirty-looking 
diphtheritic  film. 

An  ulcer  is  generally  the  result  of  necrosis  befalling  a  portion  of  skin 
which  has  previously  been  infiltrated  with  inflammatory  products.  The 
progressive  disintegration  of  tissue,  in  consequence  of  which  the  ulcer 
grows  in  size,  depends  either  on  something  in  the  nature  of  the  tissue, 
or  on  the  character  of  the  injurious  agent  which  sets  up  the  inflamma- 
tion ;  the  latter  being  the  more  frequent  factor. 

The  following  varieties  are  distinguished  by  their  special  mode  of 
origin. 

(1)  The  varicose  ulcer.  This  is  primarily  due  to  engorgement  and 
dilatation  of  cutaneous  veins  and  consequent  cedematous  infiltration  of 
the  tissues  :  comparatively  slight  injury  is  then  enough  to  induce  abun- 
dant cellular  infiltration,  and  this  passes  into  suppuration  and  necrosis. 
The  ulcer  granulates  readily,  but  does  not  heal  so  long  as  the  exciting 
<;ause  persists.  Not  only  does  it  fail  to  'skin  over,' but  it  often  con- 
tinues to  extend  over  the  surface  and  may  reach  an  enormous  size.  The 
surrounding  fibrous  tissues  become  thickened  in  consequence  of  the  long- 
standing oedema  and  the  formation  of  new  tissue.  The  granulations 
have  no  special  characters,  and  may  be  scanty  or  exuberant  ('proud 
flesh'). 

The  epidermis  bordering  on  the  granulations  often  thrusts  in  prolou- 
gations  and  off-shoots  into  the  midst  of  them,  but  docs  not  advance 
13 
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regularly  over  their  surface.  The  tissues  around  and  underlying  tha 
ulcer  usually  show  signs  of  persistent  engorgement,  such  as  cyanotic 
discoloration,  desquamation  of  the  epidermis,  dilated  veins,  cedematous 
infiltration,  etc.     The  leg  and  foot  are  the  commonest  sites. 

(2)  The  soft  chancre  or  chancroid.  This  is  a  contagious  localized 
venereal  affection,  beginning  some  twenty-four  hours  after  infection  as  a 
vesicle  or  pustule,  and  rapidly  becoming  an  ulcer  with  a  yellowish  base 
and  reddened  border.  It  grows  by  progressive  molecular  death  of  the 
border-tissue.  The  edges  and  base  are  at  first  thickly  infiltrated  with 
cells,  and  these  as  they  near  the  surface  pass  through  successive  stages  of 
degeneration  and  decay,  and  at  length  form  a  layer  of  structureless  de- 
tritus. A  soft  chancre  may  give  rise  to  lymphangitis  and  bubo,  but  not 
to  syphilitic  disease. 

(3)  The  hard  chancre.  When  a  patient  is  infected  simultaneously 
with  the  venereal  poison  which  gives  rise  to  soft  chancre  and  with  syphi- 
lis, the  base  of  the  soft  chancre  becomes  indurated  about  the  third  or 
fourth  week  after  infection.  The  soft  chancre  is  thus  converted  into  a 
hard  chancre.  If  the  soft  chancre  has  healed  quickly  the  characteristic 
induration  appears  in  the  cicatrix. 

When  syphilis  is  commanicated  without  the  simple  venereal  poison 
the  first  thing  seen  is  a  papule,  which  appears  in  the  third  or  fourth 
week  after  infection.  The  papule  extends  laterally,  and  in  eight  or  ten 
days  becomes  scaly  or  breaks  down  into  an  ulcer  secreting  a  small  quan- 
tity of  serous  or  slightly  puriform  liquid,  which  presently  dries  up  into  a 
crust  or  scab.  At  the  same  time  the  base  becomes  indurated  and  forms 
a  definite  cartilaginous  or  parchment-like  disc  under  the  skin.  This 
indurated  sore  is  described  as  the  initial  sclerosis  of  syphilis,  or  the  true 
Hunterian  chancre.  It  is  due  to  a  dense  cellular  infiltration  of  the 
integument,  without  any  very  special  histological  features.  Corn"Il's 
statement  {LeQons  sur  la  Syphilis  Paris  1879  ,  Syphilis  London  1882) 
that  the  indurated  tissue  is  infiltrated  to  an  extreme  degree  is  correct ; 
but  infiltrations  quite  as  intense  are  met  with  in  other  forms  of  granulo- 
matous ulcer — notably  in  tuberculous  affections.  The  reason  why  the 
infiltrated  tissue  is  so  hard  seems  to  be — that  the  fibres  of  the  connective 
tissue  persist  unchanged  for  a  considerable  time,  while  in  the  soft  sore 
they  very  speedily  break  down. 

The  infiltrated  cells  are  at  first  uniformly  small,  but  in  the  later  sta- 
ges they  are  larger,  epithelioid,  and  often  multinuclear  (Art.  128).  The 
induration  sooner  or  later  disappears,  the  parchment-like  form  being  the 
first  to  go.  If  no  ulcer  has  been  formed,  a  scar-like  unpigmented  spot 
is  left  behind  ;  if  an  ulcer  has  been  formed  a  regular  scar  takes  its  place. 

(4)  The  gnmmatous  nicer.  G-ummata  of  the  skin  (the  papular  or 
tubercular  syphilide)  may  give  rise  to  a  second  variety  of  syphilitic  ulcer- 
ation. Nodes  of  various  sizes  are  formed  in  the  skin  or  subcutaneous 
tissue,  and  are  either  reabsorbed  or  break  down  and  ulcerate,  the  ulcers 
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having  indurated  bases  and  edges,  and  often  spreading  over  a  wide  extent. 
When  the  secretion  as  it  dries  forms  a  thick  raised  crust  over  the  sore, 
the  affection  is  described  as  syphilitic  rupia.  It  is  characterized  by  its 
infiltrated  border.     For  the  structure  of  gummata  see  Arts.  129  and  130. 

(5)  The  scrofulous  ulcer.  This  begins  with  the  formation  of  cel- 
lular nodes  or  nodules  which  appear  in  the  skin  or  subcutaneous  tissue. 
They  are  simply  foci  of  cellular  infiltration,  and  greatly  resemble  gum- 
mata in  the  initial  stage.  They  occur  chiefly  in  children.  As  they  break 
down  they  give  rise  to  indefinite  ulcers  with  soft  oedematous  borders, 
which  bleed  very  readily  and  secrete  a  creamy  pus.  Similar  ulcers  are 
formed  when  subcutaneous  lymphatic  glands  break  down  and  suppurate. 

(6)  The  true  tuberculous  ulcer  of  the  skin  is  very  rare.  In  diag- 
nosing it  we  have  to  depend  on  the  presence  of  undoubted  tubercles  in 
the  base  of  the  ulcer. or  in  the  surrounding  tissue. 

We  mentioned,  in  Art.  206  that  Klebs  had  discovered  small  bacilli  in  excised 
portions  of  hard  chancres.  Aufrecht  on  the  other  hand  found  micrococci  in 
syphilitic  mucous  patches  {Cent.  f.  d.  med.  Wiss.  13,  1881).  Bekmann  (New  York 
Med.  Journ.  Dec.  1880)  describes  micrococci  and  bacteria  in  the  lymphatics 
around  the  initial  sclerosis.  Birch-Hirschpeld  has  recently  announced  {Cent.  f. 
d.  med.  Wiss.  44,  1882)  that  not  only  the  primary  sore  but  also  the  gummatous 
nodes  contain  small  bacilli  (1  microm.  in  length),  some  lying  free  in  the  tissues, 
others  enclosed  in  cells.  He  considers  these  to  be  the  vehicle  of  the  syphilitic 
contagion. 

Tuberculosis  of  the  skin  appears  in  the  form  of  ulcers,  and  of  nodes  and  nodu- 
lar clusters  of  cells.  It  is  very  questionable  whether  all  cellular  nodes  and  ulcers 
containing  tubercles  are  produced  by  the  action  of  the  tuberculous  virus.  In  this 
connection  it  must  be  remembered  that  lupous  granulations  also  contain  tubercu- 
lar aggregations  of  cells.  On  cutaneous  tuberculosis  see  Koster  {Cent.  f.  d.  med. 
Wiss.  1878) ;  Friedlander  {Samm.  klin.  Votrdge  64,  Virch.  Arch.  vol.  60)  ;  Biz- 
ZOZERO  {Giorn.  d.  acad.  di  med.  e.  chir.  1874);  Brodowski  {Virch.  Arch.  vol.  63) ; 
Chiari  {Wiener  med.  Jahrb.  1877,  Viertelj.  f  Derm.  u.  Syph.  vi.);  Hall  {Ueb.  Tu- 
berculose  d.  Haut  In.  Diss.  Bonn  1879). 

392.  Granulation-tissue  may  (as  we  have  seen)  be  produced  in  many 
ways  and  as  the  result  of  very  various  processes.  All  inflammations 
which  involve  destruction  of  tissue  may  give  rise  to  it  in  the  process  of 
healing  and  cicatrization.  Sometimes  however  the  granulations  become 
as  it  wore  redundant,  and  do  not  pass  into  the  stage  of  cicatrization.  In 
this  way  they  may  take  on  a  quasi-independent  character  and  form 
tumor-like  aggregations  of  considerable  size,  the  so-called  granulomata. 
Non-specific  inflammations,  such  as  eczema,  may  be  followed  by  such 
granulomatous  overgrowth  ;  but  it  is  in  general  associated  with  certain 
specific  infections,  and  the  growths  are  therefore  referred  to  as  the  infec- 
tive granulomata.  We  have  already  partially  considered  them  in  Arts. 
128-135,  and  the  tubercular  syphilide  or  gummatous  ulcer  of  the  skin 
has  been  mentioned  in  Art.  391.  Here  therefore  there  is  little  further 
to  say  about  the  group  in  general. 

Lupus  is  a  skin-affection  characterized  by  the  formation  in  the  sub- 
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epidermal  layers  of  nodular  patches  of  granulation-tissue  (Fig.  154  d). 
Sometimes  these  nodules  have  the  structure  of  the  tubercles  of  tubercu- 
losis, sometimes  they  consist  entirely  of  small  leucocytes  with  occasional 
capillaries  {d).  The  eruption  of  the  nodules  is  accompanied  by  diffuse 
cellular  infiltration  of  the  cutis  and  papillae  (c),  and  by  the  formation  of 
strings  of  cells  (/)  running  with  the  lymphatics.  Redundant  multipli- 
cation of  the  epidermal  cells  is  often  induced  {h),  and  epidermal  growths 
penetrate  the  deeper  layers  of  the  skin  ;  when  they  reach  a  certain  size 
they  remind  one  of  the  cellular  ingrowths  of  carcinoma.  The  surface 
layers  may  moreover  be  here  and  there  swollen,  or  vacuolated,  or  in  pro- 
cess of  desquamation. 


Fig,  154.    Patch  of  lupus  vulgaris. 
(Carmine  staining :  X  25.) 


a,  normal  epidermis. 

6,  normal  cutis  with  sweat-gland  (i). 

c,  focus  of  lupus-tissue. 

d,  vascular  nodule  surrounded  by  diffuse  cel- 

lular infiltration. 


e,  non-vascular  nodule. 

/,  strings  of  cells. 

g,  lupous  ulcer. 

h,  proliferous  epidermis. 

i,  sweat-gland. 


The  hair-follicles  and  sebaceous  glands  are  also  affected,  and  the  hair 
perishes  in  consequence.  The  glands  cease  to  secrete  sebum,  and  may 
become  greatly  distended  and  enlarged  by  the  accumulation  in  their 
ducts  of  epithelial  cells.  Sometimes  the  cellular  infiltration  is  most 
dense  in  the  immediate  neighborhood  of  the  sebaceus  glands. 

The  infiltrated  tissue  generally  becomes  necrotic,  softens,  and  breaks 
through  the  epidermis  (g);  in  this  way  lupous  ulcers  are  formed  which 
by  gradual  advance  may  involve  a  very  large  extent  of  the  surface.  In 
some  cases  however  the  nodules  are  re-absorbed  without  ulceration. 

Some  of  the  extravasated  cells  are  utilized  in  forming  new  fibrous 
tissue,  and  the  papillse  may  in  this  way  become  notably  enlarged,  the  skin 
as  a  whole  may  thicken,  and  at  length  the  ulcerated  tissue  may  be  re- 
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placed  by  a  cicatrix.  After  a  time  the  new  tissue  contracts  and  a  puck- 
ered scar  is  left. 

Lupus  first  appears  as  a  local  eruption  of  small  bright  red  or  brownish 
spots  (Kaposi);  after  a  time  nodular  prominences  can  be  seen  and  felt 
under  the  skin,  and  the  nodules  coalesce  so  as  to  form  larger  nodes  and 
tubercles  {hqms  tumidus).  In  a  few  weeks  retrogressive  changes  set  in : 
if  the  nodules  are  absorbed  the  epidermis  becomes  wrinkled  and  desqua- 
mates {lupus  exfoliativus)  leaving  a  scar-like  patch  behind;  if  they  soften 
and  break  through  the  surface  {liqjus  exulcerans  or  exedens)  rounded 
ulcers  are  formed,  with  soft  and  reddened  margins  and  red  granulating 
floors,  secreting  pus  and  often  becoming  crusted  over.  The  ulcers  may 
heal  by  scarring  and  skinning,  or  warty  growths  may  appear  on  the  floor 
{lupus  verrucosus  ov papillaris).  If  the  nodules  are  at  the  outset  irreg- 
ularly scattered  the  affection  is  described  as  liqjus  disseminatus,  if  they 
are  arranged  in  sinuous  lines  as  Uqnts  serpiginosus. 

Lupus  most  commonly  attacks  the  nose,  but  it  very  often  occurs 
elsewhere  on  the  face,  in  the  neck,  ears,  mouth,  nostrils,  pharynx, 
larynx,  and  on  the  limbs,  rarely  on  the  trunk.  The  successive  ulceration 
and  cicatrization  of  the  skin  may  in  the  course  of  years  give  rise  to  very 
remarkable  deformity  and  disfigurement. 

Leprosy  has  already  been  treated  in  Art.  131.  The  skin  in  this  dis- 
ease may  be  covered  with  flattened  or  nodular  patches  of  cellular  infiltra- 
tion, which  are  red,  brown,  or  white  on  the  surface,  and  end  either  in 
desquamation  or  ulceration;  the  leprous  patches  and  sores  contain  the 
specific  Bacillus  leprm  (Art.  206).  According  to  von  Recklinghausen' 
the  separate  nodes  and  tuberosities  develop  chiefly  around  the  cutaneous 
nerves.  The  ulcers  formed  by  the  disintegration  of  the  nodes  may  be- 
come very  deep  and  wide,  and  lead  to  the  separation  and  loss  of  portions 
of  the  limbs  {lepra  mutilans).  In  lepra  maculosa  the  skin  is  disfigured 
by  diffuse  pigmentations  interspersed  with  streaks  and  patches  of  white. 

References  on  leprosy: — Arts.  131,206;  Behrend,  ^Sc/imidf s  Jahrbilcher  vol. 
193  (a  full  summary  of  recent  work);  Kaposi,  Hebra's  Diseases  of  the  skin  rv. ; 
HiLUS,  Leprosy  in  British  Guiana  London  1881;  Duhrino,  Diseases  of  the  skin 
1882;  Damsch,  Virch.  Arch.  vol.  92. 

On  lupus  see  Hebra  and  Kaposi,  Diseases  of  the  skin  vol.  iv. ;  Virchow,  Die 
krankhaften  Geschwiilste;  Auspitz,  Wien.  vied.  Jahrb.  1864;  Lang,  Vierteljahrs. 
f.  Derm.  u.  Syph.  i.,  ii. ;  Kaposi,  ibid,  vi.;  Jarisch,  ibid.  vii. ;  Friedlander, 
Virch.  Arch.  vol.  60;  Thoma,  ibid.  vol.  65;  Thin,  Med.  chir.  Trans.  LXii.  (1879). 


CHAPTER    XXXIX. 

INFLAMMATORY  HYPERTROPHIES  OF  THE   SKIN. 

393.  The  inflammatory  processes  discussed  in  the  last  few  Articles 
have  this  in  common — that  the  formation  of  new  tissue  is  inconsiderable, 
and  in  general  little  more  than  is  necessary  to  make  good  the  tissue 
which  is  lost.  Even  the  granulomatous  affections  usually  end  in  disin- 
tegration and  ulceration,  in  the  course  of  which  the  new  granulation - 
tissue  perishes.  But  we  pointed  out  one  or  two  exceptions  to  this  rule, 
as  for  instance  under  eczema  (Arts.  385,  392)  and  necrogenic  pustule 
(Art.  390),  in  which  chronic  inflammation  resulted  in  hyperplasia  of  the 
skin. 

The  hyperplasia  may  extend  to  the  epidermal  structures  as  well  as 
to  the  fibrous  elements.  The  excessive  production  of  epidermal  cells 
may  be  manifested  simply  by  increased  desquamation,  or  by  thickening 
of  one  or  more  of  the  epidermal  strata.  Hyperplasia  of  the  fibrous 
strata  always  involves  an  increase  of  their  thickness  over  a  more  or  less 
extensive  area.  When  the  papillas  are  the  structures  most  affected,  they 
increase  chiefly  in  length  and  often  become  subdivided  as  they  grow, 
giving  rise  to  unevennesses  of  the  surface,  which  may  be  slight  and 
wide-spread  or  aggregated  into  tumor-like  masses. 

The  new  tissue,  while  still  recent,  contains  abundance  of  cells,  and  is 
in  fact  not  far  removed  from  granulation-tissue:  in  more  advanced 
stages  it  contains  fewer  cells  and  is  densely  fibrous  and  scar-like.  Both 
types  may  coexist  in  the  same  case. 

394.  When  a  part  is  continually  exposed  to  slight  mechanical  irri- 
tation inducing  often-repeated  hyperEemia  or  slight  inflammation,  the 
epidermis  may  at  length  become  hypertrophied.  If  the  horny  layer  is 
chiefly  involved,  and  callous  or  horny  growths  result,  they  are  described 
as  callosities  {tylomata).     They  are  commonest  on  the  hands  and  feet. 

When  the  callous  thickening  extends  inwards  and  presses  on  the 
papillae  so  as  to  lead  to  their  atrophy,  we  have  what  is  called  a  corn  ■ 
{clavus).  The  constant  irritation  of  the  papillary  layer  thus  caused, 
especially  when  associated  with  external  friction  or  pressure,  induces 
more  or  less  intense  inflammation,  and  this  occasionally  passes  into 
suppuration. 

Sometimes  the  hypertrophy  takes  the  form  not  of  flattened  or  discoid 
thickening  but  of  a  horn-like  protuberance   {cornu  cutaneum),  which 
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may  reach  to  a  considerable  size.     The  base  usually  includes  a  few  en 
larged  and  vascular  papillaj. 

Inflammatory  warts  are  essentially  of  the  same  nature  as  the  hy- 
pertrophies just  described,  though  their  appearance  is  very  different. 
They  are  the  result  of  long-continued  irritation  of  a  special  kind.  One 
of  the  commonest  forms  is  that  known  as  the  Tenereal  wart  or  cauli- 
flower excrescence  {condyloma  acuminatum).  Tliis  is  usually  seated  on 
some  part  of  the  external  genitals  or  around  the  anus;  the  spechil  irrita- 
tion which  induces  it  is  that  caused  by  urethral  discharges,  chancrous 
pus,  decomposed  preputial  or  vaginal  secretions,  etc.  The  papillae  and 
the  upper  strata  of  the  rete  Malpighii  become  hypertrophied;  the  for- 
mer (Fig.  155  a)  become  elongated  and  branched,  and  their  blood-vessels 
are  enlarged.  The  fibrous  tissue  on  which  they  stand  often  becomes  tu- 
mid at  the  same  time,  while  the  epidermal  layers  become  thickened  and 
hypertrophied,  and  so  may  cover  over  some  of  the  irregularities  caused 
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Fig.  155.    Venereal  wart. 

{Injected  preparation,  stained  tvithhcematoxijlin:  X  20.) 

a,  enlarged  and  branched  papilla.  b,  thickened  epidermis. 

by  the  branching  of  the  papillse.  But  many  of  these  remain  and  are 
markedly  exaggerated,  so  that  the  entire  growth  takes  on  a  typically 
papillomatous  appearance. 

These  warts  are  often  very  numerous  and  crowded  together  at  one 
spot.  Though  small  and  inconspicuous  at  first  they  may  grow  to  a  re- 
markable size,  and  look  like  heads  of  cauliflowers.  The  papillas  as  they 
grow  tend  more  and  more  to  subdivide;  they  are  composed  essentially  of 
vascular  fibrous  tissue,  but  they  always  contain  a  number  of  leucocytes, 
and  the  base  on  which  they  stand  is  always  more  or  less  infiltrated.  The 
lymphatics  in  the  neighborhood  may  be  extensively  inflamed,  as  appears 
by  the  accumulation  of  cells  within  and  around  them. 

Inflammatory  papillomata  may  in  like  manner  grow  from  the  floor  of 
an  ulcer,  especially  such  as  occurs  in  connection  witli  chronic  impetigin- 
ous eczema  (Art.  385).    They  may  cover  a  wide  area  and  give  rise  to  diffuse 
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warty  thickening  of  the  skin  (Art.  395).  They  usually  possess  an 
abundant  cellular  stroma,  and  might  almost  be  described  as  consisting  of 
granulation-tissue.  The  epidermal  strata  are  occasionally  absent,  but 
they  may  be  present  and  notably  hypertrophied.  Scales  and  crusts  of 
epidermal  cells  are  frequently  formed. 

395.  Acquired  elephantiasis  (elephantiasis  aralum,  pachydermia) 
is  a  chronic  and  extensive  hyperplasia  of  the  skin  and  subcutaneous 
tissue.  The  various  affections  which  have  been  described  as  elephantiasis 
(arabum)  are  certainly  not  all  of  the  same  nature;  but  if  we  except  what 
is  sometimes  called  elephantiasis  mollis  or  fibroma  molluscum  (Art.  399), 
an  affection  depending  on  some  congenital  condition,  they  are  all  as- 
sociated with  some  cause  which  gives  rise  to  long-continued  or  often- 
repeated  inflammation  of  the  integument. 

"We  said  in  Art.  394  that  eczema  was  sometimes  to  be  regarded  as  an 
inflammatory  process  leading  to  hypertrophy  of  the  papillae.  This  hyper- 
trophy may  extend  to  the  cutis  and  subcutaneous  tissues  and  lead  to 
notable  thickening  of  the  entire  skin,  especially  in  the  legs.  Other  chronic 
inflammations  may  like  eczema  lead  to  a  pachydermatous  condition  of  the 
skin:  such  are,  for  instance,  chronic  varicose  ulcers,  and  chronic  inflam- 
mation of  bones  lying  immediately  underneath  the  skin.  Many  of  the 
forms  of  elephantiasis,  and  especially  those  to  which  the  name  is  more 
properly  restricted,  take  their  rise  in  frequently-recurring  erysipelatous 
inflammation.  Tropical  elephantiasis  is  now  generally  recognized  to 
he  ultimately  due  to  the  presence  of  the  Filaria  sanguinis  hominis 
(Art.  235),  a  parasite  which  infests  the  lymphatics  of  the  scrotum  and 
lower  limbs,  and  gives  rise  to  inflammation  and  obstruction  of  the  lymph- 
current. 

Acquired  elephantiasis  may  affect  very  various  parts  of  the  body,  but  is 
chiefly  met  with  in  the  genitals  and  lower  limbs.  The  enormous  thicken- 
ing and  overgrowth  of  the  integuments  lead  to  great  deformity,  which  is 
especially  noticeable  in  the  case  of  the  lower  limbs.  As  the  leg  becomes 
more  and  more  thickened  the  distinction  between  foot  and  leg  is  gradually 
lost,  and  the  limb  at  length  looks  like  an  elephant's.  The  scrotum  may 
grow  till  it  forms  an  enormous  tumor  reaching  to  the  knees  or  lower,  and 
may  weigh  upwards  of  a  hundred  pounds. 

396.  The  affected  parts  of  the  skin  in  elephantiasis  may  be  dense,  hard, 
rough,  and  white  {elephantiasis  dura),  or  soft  and  grayish  {elephantiasis 
mollis).  When  the  tissue  is  cut  into,  a  more  or  less  abundant  escape  of 
lymph  takes  place:  where  the  lymphatics  are  much  dilated  {elephantiasis 
lymphangiedatica)  the  lymph  may  flow  away  in  considerable  quantity. 

The  blood-vessels  may  be  dilated  and  hypertrophied,  or  altogether 
unaltered.  The  subcutaneous  and  even  the  deeper-lying  connective 
tissue  may  be  involved  in  the  general  hypertrophy.  The  surface  is  either 
smooth  {elephantiasis  glabra),  the  horny  layer  being  unaffected,  or  rough 
and  warty  {elephantiasis  verrucosa),  or  tuberculated  {elephantiasis  tiibe- 
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r&sai),  or  covered  with  papillomatous  excrescences  {eleplumiiasis  pupillo- 
matosa).  Tlie  horny  layer  is  frequently  thickened  and  altered,  forming 
a  covering  of  coherent  scales  or  i)lates:  the  condition  is  sometimes 
described  as  acquired  ichthyosis  (Art.  397)  or  keratosis. 

The  structure  of  these  elephantoid  thickenings  varies  greatly.  When 
they  follow  upon  eczematous  or  ulcerative  affections  they  are  usually 
cellular  and  akin  to  granulation-tissue:  sometimes  they  contain  nodular 
aggregations  of  cells  exactly  resembling  tubercles,  and  the  lymphatics 
and  the  tissue  around  them  are  crammed  full  of  lymj)hoid  cells.  On  the 
other  hand  the  tissue  is  in  many  cases  poor  in  cells  and  coarsely  fibrous  in 
texture,  giving  one  the  impression  that  the  normal  fibrillse  are  not  so  much 
increased  in  number  as  in  individual  thickness.  Between  these  extremes 
there  are  numerous  transitional  forms,  varying  in  the  proportion  of  cells 
they  contain  and  in  the  coarseness  and  abundance  of  the  fibre. 

The  hyperplasia  is  in  general  uniform,  but  cases  occur  in  wnich  the 
thickened  tissue  is  beset  with  irregular  nodules,  or  in  which  the  new 
tissue  is  more  abundant  round  the  sweat-glands  and  hair -follicles.  The 
papillae  are  more  or  less  enlarged. 

The  hyperplasia  is  probably  to  be  regarded  as  resulting  from  an  over- 
nutrition  of  the  parts,  which  again  depends  on  some  inflammatory 
alteration  of  the  vessels.  Cell-multiplication  is  further  favored  by  the 
partial  occlusion  of  the  lymphatics.  This  obstruction  is  well  marked 
within  the  lymphatic  glands,  which  are  often  hyperplastic  in  consequence 
of  chronic  inflammation.  The  production  of  iympli  being  increased  and 
its  outflow  impeded,  the  tissues  become  saturated  and  the  lymphatic 
vessels  notably  enlarged. 

Scleroderma  is  a  rare  and  very  peculiar  affection  of  unknown  origin,  which 
attacks  adults.  It  takes  the  form  of  local  or  general  stiffening  and  hardening  of 
the  skin  without  any  apparent  external  cause:  it  is  somewhat  rapid  in  its  onset, 
and  then  remains  stationary  or  passes  away,  to  be  succeeded  by  a  fresh  attack 
or  by  a  condition  of  cutaneous  atrophy.  It  affects  the  face,  limbs,  and  trunk;  the 
patient  often  being  literally  '  hide-bound.'  The  skin  feels  as  hard  as  a  board,  or 
like  that  of  a  frozen  corpse  (Kaposi).  It  is  said  that  the  fibrous  tissues  of  the  skin 
are  hyperplastic  and  here  and  there  infiltrated  with  small  cells  (Chiari,  Viertelj. 
f.  Dervi.  u.  Syph.  v. ;  for  cases  see  Duhring,  Diseases  of  the  skin  1882).  In  one 
case  of  the  disease  Heller  {Arch.  f.  klin.  Med.  x.)  found  that  the  thoracic  duct 
was  obliterated. 

Sclerema  neonatorum  is  a  hardening  of  the  subcutaneous  connective  tissue 
met  with  in  infants,  and  chiefly  affecting  the  legs  and  feet.  According  to  Lan- 
Gr^K  {Wiener  Sit zungsher.  1881),  it  is  due  to  the  solidification  of  the  panniculus 
adiposus  by  cold  when  the  infant  becomes  collapsed.  The  fat  of  children  con- 
tain more  palmitin  and  stearin  and  less  olein  than  that  of  adults:  it  solidifies  at 
45°  C.  Adult  fat  at  ordinary  temperatures  separates  into  two  layers:  the  upper  or 
liquid  layer  solidifies  at  0°  C,  the  lower  or  semi-solid  layer  liquefies  at  36°  C. 


CHAPTER  XL. 

NON-INFLAMMATORY  HYPERTROPHIES  AND  TUMORS. 

397.  Ichthyosis  is  a  general  affection  or  deformity  of  the  skin,  char- 
acterized by  the  formation  of  epidermal  scales  and  plates,  and  of  warty 
growths.  It  consists  in  an  excessive  proliferation  of  the  cutis  and  epi- 
dermis; and  is  hereditary  and  congenital,  though  it  does  not  usually 
manifest  itself  till  the  first  or  second  year  of  life.  Leloir  has  in  two 
cases  found  the  cutaneous  nerves  in  a  degenerate  condition,  and  regards 
the  disease  as  of  nervous  origin. 

The  horny  layer  is  enormously  thickened,  laminated,  and  fissured 
(Fig..  156  a);  the  rete  Malpighii  on  the  other  hand  is  slightly  developed  in 
comparison,  and  passes  without  transition  into  the  horny  layer.  In  ich- 
thyosis simplex  the  papillaB  are  not  enlarged.  In  very  slight  cases  the 
skin  is  simply  beset  with  small  nodules  (Kaposi)  ,  covered  with  a  thin 
scale  and  containing  a  coiled-up  hair  {lichen  pilaris).  This  condition  is 
met  with  chiefly  on  the  exterior  surfaces  of  the  limbs.  In  more  marked 
cases  contiguous  scales  or  plates  of  various  sizes  up  to  that  of  a  sixpence 
are  formed,  giving  the  surface  the  look  of  crocodile-skin  {ichthyosis 
nitida).  These  may  subsequently  become  rough  and  dirty  or  discolored 
{ichthyosis  nigricans).  When  the  papillae  are  hypertrophied  as  well  as 
the  epidermis,  the  surface  becomes  extraordinarily  rough  and  irregular; 
sometimes  the  elevations  stand  up  like  quills  upon  a  hedgehog  {ichthyosis 
Jiystrix,  Fig.  156. 

EuLEKBURG,  Amozan",  and  Gbber  state  that  ichthyosis  may  occur  as 
an  acquired  affection  in  the  adult,  in  consequence  of  neuritis  or  injury  to 
cutaneous  nerves. 

The  peculiar  affection  which  has  been  called  neuropathic  papilloma 
of  the  skin  by  Gerhardt,  and  neuropathic  naevus  by  SiMOif,  seems  to 
be  closely  akin  to  if  not  identical  with  ichthyosis.  It  consists  of  papil- 
lary elevations  of  the  skin  covered  with  fissured  and  loosened  epidermis: 
the  elevations  may  be  pigmented.  It  is  accompanied  by  certain  neurotic 
symptoms;  it  often  corresponds  in  distribution  with  the  course  of  partic- 
ular cutaneous  nerves,  and  when  unilateral  ceases  at  the  middle  line  of 
the  body.  For  these  reasons  it  has  been  regarded  as  of  nervous  origin 
(Beigel,  Gerhardt,  Hardy,  voif  Eecklijstghausen).  So  far  as  we 
know  it  is  congenital,  or  developed  only  in  the  first  years  of  life. 
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True  ichthyosis  must  be  distinguished  from  the  pseudo-ichthyotic  condition 
which  is  a  common  result  of  cutaneous  inflammation,  and  from  the  aff!ectioii 
known  as  ichthyosis  sebacea  (Art.  403). 

References  on  ichthyosis:— Hebra,  Diseases  of  the  skin  in.;  Neumann,  Lehrb. 
d.  Hautkr.;  Esoff,  Virch.  Arch.  vol.  69;  Leloir,  Arch.  d.  physiol.  1881;  Kyber, 
Wiener  med.  Jahrb.  1880  (the  case  of  an  infant  is  described  who  was  born  with 
universal  rigid  mail-like  thickening  of  the  horny  layer,  an  instance  of  so-called 
diffuse  keratoma) . 

References  on  neuropathic  papilloma: — Beigel,  Virch.  Arch.  vol.  47;  Ger- 
HARDT,  Jahrb.  f.  Kinderheilk.  1871;  von  Recklinghausen,  Die  mMZfzj'Zen  i^ibrome 
d.  Haut  Berlin  1882  (the  papillomata  are  thought  to  be  due  to  congenital  neuritis, 
the  proximate  cause  being  disturbance  of  the  vaso-motor  mechanism). 


Fig.  156.    Ichthyosis  hystrix. 
{After  KAPOSI :  low  magnification.) 
a,  homy  layer.  b,  rete  Malpighii. 

c,  enlarged  papillse,  infiltrated  with  cells  and  containing  dilated  blood-vessels  d. 
e,  cerium  with  coarse  fibrous  bundles  and  numerous  vessels. 

BosTROM  some  time  ago  {Situngsber.  d.  phys.-med.  Gesell.  zu  Erlangen  1880) 
described  a  case  in  which  every  three  or  four  months  the  horny  epidermis  of  the 
hand  was  shed  in  the  form  of  a  glove.  This  was  preceded  by  intense  redness  of 
the  skin,  and  coincided  in  time  with  a  menstrual  period.  The  affection  was 
therefore  not  improbably  ^ue  to  vaso-motor  disturbance. 

898.  Warts  and  moles.  The  skin  is  the  seat  of  certain  peculiar  for- 
mations, which  are  characterized  by  the  presence  of  nests  and  clusters  of 
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epithelioid  cells.  They  affect  the  cutis  chiefly,  and  appear  at  birth  or  in 
the  first  ten  or  twenty  years  of  life. 

The  nests  and  clusters  (Fig  157  d)  consist  of  epithelioid  cells  with 
large  oval  vesicular  nuclei.  They  lie  in  the  lower  reticular  layers  of  the 
cutis  or  in  the  papillae,  and  are  separated  by  vascular  connective  tissue: 
but  there  are  neither  vessels  nor  fibrous  tissue  in  the  cell-clusters  them- 
selves. When  the  clusters  are  few  in  number  they  give  rise  to  no  visible 
change  on  the  surface  of  the  skin,  but  when  they  are  more  abundant 
they  cause  the  surface  layers  to  project  into  small  flattened  or  tuberous 
prominences. 

The  groups  ^f  cells  are  in  general  distinct  from  each  other,  and  occa- 


FiG.  157.    Section  through  two  papilla  from  a  cutaneous  wart. 
(Carmine  staining:  X  50.) 

a,  thickened  horny  layer  of  the  epidermis.         d,  cell-nests  and  clusters  in  the  papillas,  and 

b,  '  pearl '  of  epidermal  cells.  d^,  in  the  reticular  tissue  of  the  cutis, 

c,  rete  Malpighii.  e,   vascular  connective  tissue. 


sionally  exhibit  a  certain  regularity  of  arrangement  into  columns  disposed 
at  right  angles  to  the  surface  of  the  skin.  When  they  are  very  abundant 
and  the  intervening  fibrous  tissue  scanty,  the  regularity  is  lost  and  the 
affected  part  seems  made  up  of  cells  scattered  uniformly  through  the  tis- 
sue and  separated  partly  by  blood-vessels. 

The  overlying  epidermis  and  the  interposed  fibrous  tissue  frequently 
contain  yellow  or  brown  pigment,  but  the  cells  themselves  rarely  contain- 
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iiTiy.  Sncli  pigmented  spots  form  tlic  basis  of  freckles^  sun-spots,  mo- 
ther's murks,  warts,  moles,  and  pigmentary  naevi. 

Freckles  {ephelides)  are  small  irregular  brownish  spots  seen,  usually 
on  the  face,  in  young  people,  and  generally  disappearing  with  advancing 
years.  They  sometimes  however  persist  throughout  life.  Mother's 
marks  {lentigines)  are  larger  and  more  definite  in  size  and  dark-brown  in 
color;  they  are  either  congenital  or  appear  in  infancy,  and  then  remain 
unchanged  throughout  life.  Moles  and  pigmentary  noevi  are  congenital 
patches  of  various  sizes,  either  level  with  the  skin  or  slightly  raised,  and 
varying  from  yellow  to  brownish-black  in  color.  They  are  often  beset 
with  hairs  which  are  stronger  and  stouter  than  those  in  the  neighboring 
skin;  they  are  then  called  hairy  mo\Q'&  {nmvi pilosi). 

Warts  (verrucas)  vary  in  diameter  from  1  to  20  millimetres.  "When 
the  characteristic  clusters  of  cells  lie  chiefly  in  the  cutis  and  only  to  a 
small  extent  in  the  papillse,  the  surface  of  the  wart  is  smooth.  When 
the  papillae  are  more  extensively  invaded  (Fig.  158  e)  the  surface  becomes 
somewhat  rough  and  tuberous.     When  they  constitute  the  chief  scat  of 


a,  epidermis 

b,  cutis. 


Fig.  158.    Section  through  a  soft  wart. 
(,Aniline-bi-own  staininp:  x  10.) 

C.  cellular  growth  in  the  cutis, 
e,  cellular  growth  in  the  papillae. 


the  cellular  growth,  they  become  enlarged  and  elongated,  and  the  wart 
becomes  papillomatous. 

The  epidermis  covering  a  smooth  wart  is  not  usually  thickened,  and 
the  wart  is  therefore  soft  {cerruca  mollis  or  earned).  In  the  case  of 
rough  warts  the  epidermis  is  generally  hjrpertrophied  (Fig.  157  a),  and 
between  the  elongated  papillae  are  formed  dense  concentric  clusters  or 
'  pearls '  of  horny  cells  (Fig.  157  5);  the  wart  is  therefore  hard  {verruca 
dura). 

The  significance  of  these  cutaneous  growths  in  relation  to  the  setiolcgy  of 
tumors  has  ahready  been  discussed  (Art.  179).  Inasmuch  as  they  are  usually  con- 
genital or  appear  in  the  first  few  years  of  life,  it  is  not  unnatural  to  regard  them 
as  untransformed  remnants  of  embryonal  tissue,  which  on  occasion  proceed  to 
grow  and  to  develop  after  birth.  Demieville  has  recently  ( Firc/i..  Arch,  vol.81) 
investigated  the  nature  of  pigmentary  moles  and  naevi,  and  thinks  the  cellular 
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nests  and  clusters  are  derived  from  the  adventitia  of  the  blood-vessels.  Von 
Recklinghausen  {Die  multiplen  Fibrome  der  Haut  Berlin  1882j,  who  deals  mainly 
with  soft  warts,  thinks  the  cell-groups  are  developed  in  the  lymphatics  and 
lytaph-spaces,  and  regards  the  growth  as  a  lymphangio-fibroma.  The  name  can- 
not be  regarded  as  very  apt,  for  the  term  fibroma  is  inapplicable  to  a  structure 
almost  wholly  made  up  of  cells.  VoN  Recklinghausen  makes  out  that  the  cells 
first  appear  in  the  papillary  layer  of  the  cutis,  and  penetrate  from  this  into  the 
substance  of  the  papillae  themselves;  but  this  is  true  only  in  certain  cases.  In 
papillomatous  warts  and  in  the  smaller  pigmented  moles  the  characteristic  cells 
often  lie  altogether  or  nearly  so  in  the  papillae.  When  the  cell-groups  are  few  in 
number  they  are  seen  to  lie  around  the  vessels,  but  when  they  are  more  numer- 
ous no  such  relation  can  be  made  out. 

399.  Fibromata  of  the  skin  are  of  two  kinds,  the  hard  and  the  soft. 
The  soft  variety  is  the  more  common,  and  is  referred  to  as  fibroma  mol- 
luscum. 

The  tumors  so  called  vary  in  size  from  that  of  a  millet-seed  to  that  of* 
a  man's  head.     The  smallest  of  them  lie  embedded  and  hidden  in  the 


Fig.  159.    Fibroma  (neurofibroma)  molluscum. 
{Lijected  preparation,  stained  with  hcematoxylin:  X  25.) 

a,  vascular  fibrous  tissue. 

b,  papilla  thinned  and  flattened  out  by  distention. 

skin,  bnt  the  larger  ones  (often  spoken  of  as  '  wens,'  Art.  404)  are  gener- 
ally protuberant  and  often  stalked  {fihroma  pendulum).  They  are  al- 
ways soft  and  flaccid,  and  the  surface  is  usually  wrinkled.  As  a  rule  they 
are  multiple  and  sometimes  appear  in  enormous  numbers,  so  that  the 
skin  is  thickly  beset  with  smooth  or  wrinkled  or  pendulous  growths  of 
all  sizes.  The  skin  of  the  trunk  is  the  favorite  seat.  There  are  usually 
a  few  large  tuberous  growths  among  the  multitude  of  smaller  ones. 

The  tumors  consist  of  grayish  semi-translucent  moist-looking  tissue, 
composed  of  thin  flattened  spindle-cells  and  delicate  fibrillas. 

Some  forms  are  firmer  than  others;  the  less  firm  varieties  are  rich  in 
small  cells  and  the  fibrillation  of  the  intercellular  tissue  is  indistinct; 
the  firmer  yarieties  have  fewer  cells  and  are  markedly  fibrous,  but  in  no 
case  is  the  tissue  so  coarsely  fibrous  as  that  of  the  normal  cutis.  The 
growths  are  developed  in  the  reticular  layer  of  the  cutis  (Fig.  159),  and 
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when  they  project  above  the  surface  of  the  skin  the  papillas  are  tliinned 
and  flattened  out.  The  new-formed  tissue  may  invade  the  papillae  di- 
rectly, or  may  advance  into  the  subcutaneous  tissues. 

Von  Recklinghausen  by  his  careful  and  exliaustive  researches  has 
established  the  fact  that  the  multiple  fibromata  of  the  skin  are  in  reality 
neurofibromata  or  neuromatous  fibromata  (Art.  154).  They  are  de- 
veloped from  the  fibrous  sheaths  of  the  smaller  cutaneous  nerves,  and 
thence  invade  the  fibrous  structures  of  the  vessels,  the  sweat-glands  and 
their  ducts,  and  the  hair-follicles.  The  softer  varieties  still  contain 
nerve-fibres,  which  run  axially  through  the  tumors,  or  subdivide  and 
lose  themselves  in  their  substance.  In  the  firmer  tumors  the  nerve- 
fibres  cannot  be  traced.  The  fibrous  change  (hyperplasia)  extends  some 
little  way  up  the  nerve-fibre  from  the  point  where  it  enters  the  tumor. 

When  a  fibroma  is  carefully  dissected  it  is  seen  to  be  made  up  of 
strands  of  dense  fibrous  tissue  lying  parallel  to  each  other  and  united  by 
loose  cross-fibres.  The  structure  of  the  whole  growth  is  in  fact  plexi- 
form,  and  so  resembles  that  of  the  small  neurofibromata  which  are  found 
seated  directly  on  the  nerves. 

Multiple  cutaneous  neurofibroma  is  either  congenital  or  begins  to  ap- 
pear in  infancy:  it  is  never  truly  an  acquired  affection.  Many  cases 
have  been  shown  to  be  hereditary.  Where  a  predisposition  is  known  to 
exist,  frequently  recurring  irritation  sometimes  leads  to  the  development 
of  the  affection.  Very  frequently  it  is  accompanied  by  the  growth  of 
fibromatous  tumors  on  the  deeper  nerve-trunks,  which  accords  with  the 
view  of  its  nature  already  expressed. 

As  the  tumors  grow  they  invade  the  fibrous  sheaths  of  the  various 
tubular  structures  seated  in  the  skin,  and  occasionally  reach  an  enorm- 
ous size.  In  this  case  they  give  rise  to  the  appearance  of  elephantiasis, 
the  affection  having  on  this  ground  being  described  as  pachydermatocele 
(Valentine  Mott),  elephantoid  molluscum  (Nelaton),  and  elephan- 
tiasis mollis  (Virchow);  to  distinguish  it  from  acquired  elephantiasis 
(Art.  395)  we  may  perhaps  designate  it  congenital  elephantiasis.  The 
affection  does  not  always  take  the  form  of  circumscribed  tumors,  but 
sometimes  gives  rise  to  extensive  and  general  thickening  and  overgrowth 
of  the  skin  (dermatolysis),  which  lies  in  loose  overlapping  bulges  and 
folds  like  that  of  a  hippopotamus  or  elephant. 

Fibromata  of  various  sizes  are  met  with  which  are  not  neuromatous. 
They  form  hard  or  soft  nodes  seated  in  the  skin  or  subcutaneous  tissues. 

Keloid  is  a  very  rare  variety  of  fibroma.  It  takes  the  form  of  tuber- 
ous or  discoid  or  band-like  growths  seated  in  the  corium  beneath  the 
papillary  layer.  The  papillse  and  epidermis  are  intact.  When  fully  de- 
veloped the  growth  consists  almost  exclusively  of  bundles  of  coarse  fibres. 
In  its  earlier  stages  it  contains  numerous  spindle-cells. 

Cicatricial  keloid  must  be  distinguished  from  true  or  spontaneous 
keloid.     It  grows  in  the  substance  of  a  scar,  and  is  therefore  not  covered 
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with  papillaB.  In  other  respects  it  may  resemble  the  true  keloid.  The 
disease  called  'Addison's  keloid/  and  now  known  as  morphoea,  is  in  no 
way  related  to  these  affections:  it  is  a  hypertrophic  condition,  somewhat 
resembling  scleroderma  (Art.  396). 

The  genesis  and  significance  of  the  multiple  cutaneous  fibromata  have  been 
worked  out  by  von  Recklinghausen  {Die  rmiltiplen  Fibrome  der  Haut  und  ihre 
Beziehung  zu  den  multiplen  Neuromen  Berlin  1882).  He  investigated  with  the 
utmost  care  their  relations  to  the  various  constituents  of  the  skin  and  their  de- 
velopments from  the  fibrous  sheaths  of  the  nerves,  and  thus  made  clear  many 
facts  that  were  before  unexplained.  He  also  examined  their  connection  with  the 
fibromata  (false  neuromata)  of  the  nerve-trunks,  and  with  several  allied  affec- 
tions of  the  skin  such  as  elephantiasis  mollis.  Bruns  (Virch.  Arch.  vol.  50)  and 
CzERNY  {Langenbech' s  Arch,  xvii.)  had  already  pointed  out  the  close  connection 
of  the  latter  affection  with  multiple  neurofibroma.  VON  Reckungha.usen  gives 
in  his  tract  a  summary  of  the  hitherto  published  cases  and  memoirs.  He  re- 
gards the  elephantoid  hypertrophic  folds  of  the  skin,  referred  to  in  the  text  as 
dermatolysis,  not  as  due  to  the  extension  of  a  neurofibromatous  growth,  but  as 
a  primary  neuropathic  affection  similar  to  neuropathic  papilloma. 

Labbe  and  Legros  (Journ.  de  Vanat.  et  de  la  physiologie  1881)  describe  a  cir- 
cumscribed hypertrophy  of  the  papillae  associated  with  hyperplasia  of  the  touch- 
corpuscles.     They  call  it  papillary  neuroma. 

On  keloid  see  Langhans  {Virch.  Arch.  vol.  40);  Babesiu  (Viertelj.  f.  Derm.  ti. 
Syph.  vii.);  Warren  {Sitzungsber  d.  Wiener  Akad.  1868);  Fagge  {Guy's  Hosp. 
Rep.  1868);  Kaposi  {Hebrd's  Diseases  of  the  shin  in.,  with  further  references): 
Duhring  {Diseases  of  the  sJcin  1882). 

400.  In  addition  to  the  inflammatory  and  tumor-like  cutaneous 
growths  there  are  others  (mostly  in  the  form  of  warty  thickenings  of  the 
skin)  in  which  all  the  constituent  elements  of  the  skin  take  part  with- 
out any  notable  change  of  structure.  They  are  most  frequently  met 
with  in  the  face  and  form  gland-like  often  hairy  prominences.  On  the 
nose  they  appear  as  large  irregularly  lobulated  swellings  known  as  rhi- 
nophymata  (Hebra).  They  consist  essentially  of  a  thickening  of  the 
fibrous  tissue  of  tlie  skin  with  hyperplasia  and  cystic  dilatation  of  the 
sebaceous  glands:  occasionally  adipose  tissue  is  developed  in  the  thick- 
ened cutis.  The  result  is  the  elevation  of  the  papillary  layer  with  the 
overlying  epidermis  (thickened  or  not)  into  circumscribed  projections. 

Molluscum  contagiosum  {epithelioma  molluscum,  molluscum  epi- 
tTieliale,  sebaceous  wart,  endocystic  condyloma)  is  the  term*  commonly 
used  to  designate  a  peculiar  tumor-like  growth  in  the  skin,  the  variety 
of  other  names  proposed  indicating  that  authors  are  not  yet  agreed  on 
the  exact  pathological  significance  of  the  affection. 

Some  English  and  French  authors,  with  Hebra  and  Kaposi,  regard 
molluscum  contagiosum  as  due  to  a  distention  of  the  sebaceous  glands 
with  accumulated  cells,  in  which  some  of  the  cells  undergo  a  peculiar 
metamorphosis.  Others  like  Virchow,  Bizzozero,  Maistfredi,  Perls, 
and  Thin',  consider  it  to  be  a  purely  epidermal  growth  not  starting  in 
the   sebaceous  glands.     According  to  them  it  is  a   simple  hyperplastic 
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growth  of  epidermal  cells,  starting  in  tlie  liair-follicles  (ViRcnow)  or  in 
the  interpapillary  portion  of  the  retc  Malpighii  (Bizzozero,  Manfkedi). 
Nodes  as  large  as  a  pea  or  larger  are  tlms  formed,  and  may  be  grouped 
in  clusters.  On  section  their  structure  appears  to  be  racemose  or  gland - 
like,  the  nodes  being  made  up  of  nests  of  epidermal  cells  separated  by 
fibrous  septa.  The  cells  on  the  outside  of  the  clusters  are  columnar.  In 
the  centre  of  the  nests  lie  peculiar  bodies  like  swollen  starch-grains, 
either  free  or  enclosed  in  cells.  These  bodies  are  characteristic  of  the 
affection,  and  are  by  some  regarded  as  degenerate  epithelial  or  epider- 
mal cells,  by  others  (Klebs,  Bollinger)  as  parasitic  organisms.  As 
the  affection  occasionally  appears  simultaneously  in  persons  who  live  to- 
gether it  is  often  regarded  as  contagious  (Virchow);  but  this  is  denied 
by  other  observers,  and  apparently  with  good  reason. 

The  name  molluseum  contagiosum  is  due  to  Bateman  (Delineations  of  cutane- 
ous diseases  (Plate  LXi.)  London  1817).  Virchovs"  regards  the  contagiousness  of 
the  disease  as  established  Virch.  Arch.  vol.  33,  and  names  it  epithelioma.  O. 
SiMOii  (Deutsch.  med.  Woch.  1876),  C.  Bock  (Viertelj.f.  Derm.  u.  Syph.  ii.),  Bizzo- 
ZERO  and  Manfredi  {Arch.  p.  I.  scienze  tned.  i.)  hold  that  the  disease  originates 
in  a  redundant  multiplication  of  the  cells  of  the  rete  Malpighii.  The  latter  au- 
thors also  describe  how  the  characteristic  '  molluseum  bodies '  are  derived  from 
epidermal  cells.  According  to  Thin  {Journ.  of  Anat.  and  Physiol.  1881)  groups 
of  small  granules  make  their  appearance  in  the  cells  of  the  hair-follicles,  and  then 
in  those  of  the  surface  layers  of  the  skin ;  these  granules  are  afterwards  trans- 
formed into  homogeneous  masses.  The  epidermal  cells  begin  then  to  grow 
downwards  into  the  fibrous  layers  of  the  cutis,  and  in  the  growing  cells  similar 
homogeneous  bodies  appear. 

For  cases  see  Fagge  {Guy's  Hosp.  Rep.  1870),  Dyce  Duckworth  {St.  Barth. 
Hosp.  Rep.  1868,  1870),  Hutchinson  {Clinical  Surgery  vol.  i.  London  1878),  MORi- 
SON,  Thin,  etc.  {Path.  Soc.  Trans.  1881). 

As  against  the  contagious  nature  of  the  affection  it  may  be  mentioned  that 
inoculation  with  the  matter  taken  from  the  tumors  does  not  tend  to  reproduce  it. 

401.  Among  the  connective-tissue  growths  starting  in  the  cutis 
angioma,  lymphangioma,  and  sarcoma  are  somewhat  common  forms. 

Angiomata  appear  as  bright  or  dark  red  often  slightly-raised  patches 
in  the  skin.  They  have  already  been  discussed  in  Arts.  148-151;  and 
the  lymphangiomata,  which  when  extensive  give  rise  to  soft  tuberous 
swellings  without  discoloration,  have  been  referred  to  in  Art.  153. 

Sarcoma  takes  the  form  of  nodular  tumors,  more  or  less  raised 
above  the  surrounding  surface;  sometimes  they  are  even  pedunculated  or 
mushroom-shaped.  They  are  usually  solitary,  but  now  and  then  instances 
occur  in  which  a  number  of  sarcomatous  growths  appear  in  the  skin 
simultaneously  or  in  quick  succession.  Cutaneous  sarcoma  may  be 
round-celled,  spindle-celled,  or  mixed.  The  commonest  form  is  the 
round-celled,  of  which  both  large-celled  (Fig.  50,  Art.  159)  and  small- 
celled  varieties  occur.  Melanotic  and  alveolar  sarcomata  are  also  not 
uncommon.  The  latter  (Fig.  54,  Art.  161)  start  in  cellular  warts  and 
pigment-spots,  and  correspond  closely  with  these  in  their  general  struc- 
13 
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ture.  "When  they  start  in  pigment-spots  or  pigmentary  moles  the  sub- 
stance of  the  tumor  is  pigmented.  Like  other  round-celled  sarcomata 
these  are  malignant.  Spindle-celled  forms  may  also  start  in  warts  or 
cutaneous  fibromata.  But  all  the  forms  may  arise  in  portions  of  skin 
that  previously  appear  altogether  normal. 

Lipomata  of  the  skin  and  subcutaneous  tissue  are  very  frequently 
met  with,  and  sometimes  reach  a  great  size.  The  region  of  the  shoulder 
is  a  favorite  seat. 

Myxoma  and  enchondroma  are  less  common  than  lipoma,  and  oste- 
oma is  rarer  still.  Myxoma  and  myxofibroma  are  generally  connected 
with  the  external  genitals  in  women. 

Xanthelasma  or  xanthoma  is  a  peculiar  growth,  taking  the  form  of 
pale  or  brownish  yellow  circumscribed  patches  {xanthelasma  planum)  or 
nodules  [xanthelasma  tuberosum),  wliicli  may  be  isolated  or  aggregated 
into  groups.  It  occurs  chiefly  in  the  neighborhood  of  the  eyelids  and 
on  the  cheeks,  and  consists  of  a  hyperplasia  or  new-formation  of  fibrous 
tissue,  in  which  fat  is  subsequently  deposited.  Similar  spots  and  nodules, 
often  described  as  xanthoma,  are  produced  on  the  eyelids  by  the  enlarge- 
ment of  the  meibomian  glands  and  the  deposit  in  the  overlying  skin  of  a 
pale  yellow  pigment.  Occasionally  the  affection  becomes  multiple,  or 
even  universal  {xanthelasma  multiplex).  In  many  cases  of  this  kind 
jaundice  has  preceded  the  skin  affection,  and  some  authors  have  regarded 
the  latter  as  connected  with  the  circulation  of  bile-pigment  in  the  blood. 
This  is  certainly  not  true  of  all  cases. 

402.  Epithelioma  (cutaneous  cancer  or  cancroid)  is  by  far  the  most 
important  of  the  epithelial  neoplasms  of  the  skin.     Its  mode  of  growth 
has  already  been  described  in  Art.  170  (see  Fig.   62).     The  epithelial 
proliferation  may  start  not  only  in  the  epidermis,  but  in  the  epithelium 
of  the  sebaceous  glands  of  the  hair-follicles.     Three  varieties  might  thus 
be  distinguished,  but  a  more  useful  distinction  is  that  based  on  the  gene- 
ral characters  and  appearance  of  the  growth,  inasmuch  as  it  is  diflQcult 
or  impossible  to  say  in  all  cases  whence  it  first  started.     Thiersch  dis- 
tinguishes a  flat  or  superficial  and  a  deep  or  infiltrating  form.    The 
former  is  met  with  chiefly  in  the  lip,  forehead,  and  nose  ;   and  is  charac- 
terized by  the  fact  that  the  epithelial  ingrowths  and"  processes  are  short 
and  shallow.     It  generally  appears  as  a  slightly  raised  ulcer  with  hard- 
ened or  infiltrated  borders,  due  to  the  breaking-down  of  a  primary 
cancerous  node.     Its  growth  is  usually  very  slow,  and  it  may  cicatrize  at   j 
the  centre  while  the  marginal  ulceration  continues  to  advance.     In  other  j 
cases  the  process  of  disintegration  is  more  rapid,  and  the  ulcer  steadily  ,| 
increases  in  depth  and  extent.     This  form  is  clinically  described  as  rodent  \ 
ulcer^  and  chiefly  affects  the  upper  part  of  the  face.     The  stroma  of  an  ; 
ulcerating  cancer  is  always  more  or  less  infiltrated  with  cells,  and  these 
may  be  so  abundant  in  some  places  as  to  give  it  the  look  of  granulation 
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tissue.  The  superficial  form  seldom  produces  metastatic  growths  in  tlie 
lymphatic  ghmds  or  elsewhere. 

The  deep  or  infiltrating  form  gives  rise  to  irregularly-shaped  ulcera- 
tions, due  as  in  the  former  case  to  the  breaking-down  of  nodular  epithe- 
lial growths.  From  the  floor  and  edges  of  the  ulcer  often  rise  large 
protuberant  warty  structures,  giving  the  affection  the  appearance  of  a 
papillomatous  tumor.  This  form  produces  metastases  oftener  than  the 
other. 

Intermediate  forms  are  not  uncommon  which  it  would  be  difficult  to 
class  definitely  with  one  or  other  of  the  above;  and  other  varieties  having 
no  resemblance  to  either  of  them  also  occur.  In  fact  the  processes  of 
cancerous  infiltration,  proliferation  of  the  fibrous  tissue,  disintegration, 
and  ulceration,  may  be  combined  in  numerous  ways,  and  give  rise  to 
great  diversity  of  appearance  in  the  several  stages  of  the  disease. 

Epithelioma  most  frequently  attacks  parts  where  epidermis  passes  into 
mucous  membrane — such  as  the  lower  lip,  nose,  eyelids,  prepuce,  anus, 
external  female  genitals,  etc.  Occasionally  it  seems  to  start  in  warts  or 
callosities  or  in  scars. 

Some  English  pathologists  insist  on  the  distinctions  between  ordinary  epitheli- 
oma and  what  is  clinically  called  rodent  ulcer  by  English  surgeons.  One  distinc- 
tion drawn  is  that  in  the  former  the  neoplastic  cells  are  recognizably  of  an 
epidermal  type,  in  rodent  ulcer  they  are  epithelial  but  not  epidermal,  having 
small  nuclei  and  but  little  stability,  as  if  derived  from  glandular  cells  :  they  have 
been  supposed  to  be  derived  from  the  cells  of  the  sweat-glands  (Thin)  or  of  the 
outer-root  sheath  of  the  hairs  (Fox).  See  Thiersch  {Der  Epithelialkrebs  Leipzig 
1865),  Moore  {Ro.dent  Cancer  London  1867),  Warren  {Rodent  Ulcer  Boston,  187-2, 
Med.  Times  and  Gaz.  1,  1880),  Hutchinson  {Clinical  Surgery  vol.  i.  London,  1875), 
Thin,  Fox,  Butlin,  and  others  {Path.  Soc.  Trans.  1878-79,  in  which  references  to 
earlier  literature  will  be  found),  Kaposi  {Hebra's  Diseases  of  the  skin  iv.,  Path.  u. 
Therap.  d.  HautkranMieiten  Vienna  1880). 

Adenoma  of  the  sweat-glands  is  a  somewhat  rare  affection.  It  gives 
rise  to  nodules,  which  break  down  and  ulcerate  (Verneuil,  Arch,  gene- 
rales  1854  ;  Thiersch,  Der  Ejjithelialkre'bs  1865). 

Secondary  neoplasms  of  the  skin  are  not  very  common,  though 
they  do  occur  in  connection  with  both  connective-tissue  and  epithelial 
tumors.  Malignant  growths  of  the  skin  itself  are  especially  apt  to  infect 
healthy  parts  of  it,  and  give  rise  to  daughter-tumors.  Of  growths  in 
other  organs  mammary  cancer  is  the  most  apt  to  produce  cutaneous 
metastases. 


CHAPTER   XLl. 

AFFECTIONS  OF  THE   SEBACEOUS   GLANDS,    HAIR,    AND  NAILS. 

403.  Disorders  of  the  sebaceous  secretion.  In  normal  conditions 
the  epithelium  of  the  sebaceous  glands  secretes  a  small  quantity  of 
oily  liquid,  which  becomes  condensed  in  the  gland  or  in  its  duct  to  a 
semi-fluid  grease-like  substance  containing  disintegrated  cells.  If  the 
secretion  becomes  over-abundant  we  have  what  is  called  seborrhoea  or 
steatorrhoea,  with  its  consequences  which  go  by  the  various  names  of 
tinea  furfur  acea,  acne  sebacea,  iclithyosis  sebacea,  etc.  According  as  the 
secretion  dries  into  scales  and  crusts  or  remains  liquid  and  oily  we  have 
sehorrhma  sicca,  squamosa,  furfuracea,  or  seborrlima  oleosa. 

The  scales  and  crusts  are  often  dirty  and  discolored,  and  occasionally 
form  broad  greasy  scabs  or  lamellae,  from  the  under  side  of  which  pro- 
cesses pass  into  the  openings  of  the  sebaceous  ducts. 

Seborrhoea  may  be  local  or  general.  The  local  variety  chiefly  affects 
the  scalp  and  the  external  genitals.  G-eneral  seborrhoea  is  rare,  and  is 
usually  met  with  only  in  new-born  infants ;  the  abundant  secretion  of 
vernix  caseosa  which  is  normal  in  the  intra-uterine  period  is  in  fact  con- 
tinued after  birth.  The  abundant  sebaceous  secretion  from  the  glands 
of  the  scalp  which  is  normal  during  the  first  year  of  life  sometimes  gives 
rise,  in  neglected  infants,  to  large  fissured  dirty  cheesy-looking  crusts  or 
cakes,  consisting  of  fatty  matter,  dirt,  epidermal  scales,  and  hairs. 

Seborrhoea  often  affects  enfeebled  or  angemic  patients.  The  skin  of 
the  trunk  and  limbs  becomes  covered  with  dry  glistening  scales,  whence 
the  affection  is  sometimes  referred  to  as  pityriasis  tabescentium.  When 
the  scalp  only  is  affected,  the  dried  secretion  taking  the  form  of  abund- 
ant branny  scales,  the  affection  is  called  dandriff  or  pityriasis  furfura- 
cea capillitii;  when  the  scales  are  large  and  thick  it  is  sometimes  called 
ichthyosis  sebacea. 

Asteatosis^  in  which  the  sebaceous  secretion  is  diminished,  is  rare 
as  an  idiopathic  affection.  It  is  usually  secondary  to  other  affections 
like  ichthyosis,  prurigo,  psoriasis,  pityriasis  rubra,  leprosy,  etc.  The 
skin  becomes  dry  and  fissured,  and  is  shed  in  scales  or  flakes. 

404.  Various  disorders  of  the  skin  are  due  to  the  accumulation  of  se- 
bum in  the  glands  or  ducts  in  consequence  of  some  obstruction  of  the 
outlet.  The  obstruction  is  usually  due  to  the  drying  of  sebum  or  the 
deposit  of  dirt  at  the  mouth  of  the  duct. 
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Comedones  are  small  elevations  of  tlie  skin  due  to  plugging  of  the 
sebaceous  ducts,  or  of  the  common  opening  of  duct  and  hair-follicle. 
When  the  plug  is  squeezed  out  it  appears  as  a  whitish  and  somewhat 
firm  pear-shaped  or  cylindrical  mass  of  the  size  of  a  pin-head,  the  super- 
ficial end  being  stained  black  or  brown.  It  consists  of  sebum  and  horny 
epidermal  cells,  and  often  contains  minute  hairs,  and  the  mite  called 
Demodex  folliculorum  (Art.  225).  According  to  IJNisrA  (  Vircli.  Arch. 
vol.  82),  the  staining  of  the  '  head '  of  the  comedo  is  due  to  the  presence 
of  pigment  either  free  or  contained  in  the  horny  epidermal  cells.  Come- 
dones usually  occur  on  the  forehead,  cheeks,  and  chin,  and  occasionally 
the  chest. 

Milium  {grutu7n  or  acne  alhida)  consists  of  small  roundish  white  or 
yellowish  elevations  of  the  skin,  due  to  the  accumulation  of  sebum  and 
epidermal  cells  in  sebaceous  glands  whose  outlet  has  become  obliterated. 
Occasionally  the  accumulation  may  distend  the  tubes  of  the  associated 
hair-follicles  into  cysts  of  considerable  size.  The  skin  of  the  eyelids  is  a 
favorite  seat.  When  the  nodule  is  incised  and  the  contents  evacuated, 
they  are  often  found  to  be  concreted  into  a  firm  and  sometimes  even 
stony  core. 

Wens  or  sebaceous  cysts  {atheroma  or  steatoma)  are  due  to  the  collec- 
tion of  more  or  less  fluid  secretion  distending  the  lumen  of  the  sebaceous 
gland,  its  duct,  and  the  neighboring  hair-follicle  into  a  cyst,  which  may 
be  as  large  as  a  walnut  or  even  considerably  larger.  The  contents  of  a 
wen  may  be  soft  and  pulpy  or  firm  and  friable.  They  consist  of  fatty 
detritus,  sebum,  epidermal  cells,  and  sometimes  tablets  of  cholesterin 
and  hairs,  all  enclosed  in  a  capsule  made  up  of  layers  of  epithelial  cells 
and  fibrous  tissue.  They  are  usually  seated  on  the  scalp,  more  rarely  on 
the  back  of  the  neck  or  on  the  face,  trunk,  and  limbs. 

Sometimes  papillary  outgrowths  covered  with  epidermoid  cells  arise  from  the 
inner  surface  of  the  wall  of  a  sebaceous  cyst,  and  may  increase  in  size  so  as  to  fill 
up  the  cavity.  Forster  ( PRir2;?mrg'er  Verhandhmgen  x.)  has  described  this  as 
dry  cancroid;  it  may  in  time  become  calcified.  Chiari  {Naturforscliewersamin. 
in  Salzburg  1881)  has  met  with  a  case  in  which  the  internal  layers  of  cells  became 
dry  and  horny,  the  fibrous  capsule  becoming  at  the  same  time  contracted. 
Atheromatous  cysts  are  sometimes  formed  at  the  site  of  persistent  branchial 
clefts  (Art,  8). 

405.  Inflammatory  affections  of  the  sebaceous  glands  and  hair- 
follicles.  Acne  is  the  general  name  given  to  localized  inflammations 
surrounding  the  hair-follicles  and  associated  sebaceous  glands  (Fig.  160). 
It  gives  rise  to  small  red  nodules  or  pimples,  in  which  may  be  noticed 
the  dark  head  of  a  comedo,  or  a  minute  collection  of  pus. 

The  tissue  around  the  hair-follicle  and  gland  may  be  simply  hyperae- 
mic  and  infiltrated  with  cells  (Fig.  160  i),  or  suppurating;  and  accord- 
ing to  the  intensity  of  the  inflammation  are  distinguished  the  varieties 
ac7ie  indurata,  acne  punctata,  and  acne  pustulosa.     The  extent  of  the 
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inflammation   also  varies   greatly.      Ultimately  however  the   sebaceous 
gland,  and  often  the  hair-follicle  also,  are  destroyed. 

The  cause  of  the  inflammation  is 
probably  to  be  found  in  some  anomaly 
of  the  glandular  secretion.  It  is  easy 
to  understand  that  if  the  secretion 
stagnates  and  becomes  in  some  way  con- 
taminated, it  may  act  as  an  irritant  on 
the  surrounding  tissues. 

Acne  mentagra  {sycosis  non-para- 
siiaria  or  folliculitis  harlm)  is  a  sup- 
purative peri -follicular  inflammation. 
It  gives  rise  to  papules  and  pustules, 
which  are  usually  perforated  by  hairs. 
The  parts  affected  are  the  beard,  and 
sometimes  the  scalp. 

Parasitic  sycosis  resembles  the  non- 
parasitic affection;  it  is  due  to  the  inva-r 
sion  of  a  fungus  (see  under  tinea  ton- 
surans, Art.  411). 

Eoils  or  jiirunculi  are  due  to  in- 
flammation of  the  tissue  surrounding 
a  hair-follicle  or  sebaceous  gland,  being 
distinguished  from  the  pimples  or  pus- 
tules of  acne  by  the  much  greater  ex- 
tent and  intensity  of  the  inflammation. 
A  hard  dark-red  swelling  is  produced, 
containing  in  the  centre  a  *core  '  or  slough  of  necrosed  tissue:  as  the  tis- 
sue around  suppurates  the  core  is  loosened,  and  ultimately  cast  off  when 
the  boil  ^  breaks.' 

Carbuncle  or  anthrax  s*mj[??ea;  resembles  a  boil  in  many  points,  being 
a  firm  more  or  less  circumscribed  deep-seated  inflammation  of  the  skin; 
but  it  extends  over  a  greater  area,  and  gives  rise  to  a  firm  livid  swelling 
which  may  reach  the  size  of  the  palm  of  the  hand  or  more.  The  swollen 
and  infiltrated  skin  usually  necroses,  and  is  transformed  into  a  dark 
grayish  pulp  or  a  continuous  slough.  The  subcutaneous  tissue  becomes 
necrotic  and  suppurates  beneath  the  slough,  the  pus  usually  breaking 
through  at  several  points.  The  slough  is  ultimately  cast  off,  leaving  an 
open  granulating  wound. 

406.  Lichen  (according  to  Hebra  and  Kaposi)  is  an  eruption  of 
papules,  which  remain  as  such  throughout,  and  do  not  pass  into  any 
other  form  of  efflorescence. 

Lichen  scrofulosus  is  a  chronic  affection,  in  which  pink  or  brownish 
flattened  papules  are  formed,  each  capped  with  a  small  scale.  It  is  met 
with   chiefly  in    scrofulous    jiatients,    and   usually  affects   the    trunk. 


Fig.  160. 
Vertical  section  through  an  acne-pus- 
tule. 

{After  KAPOSI:  slightly  magnified.) 

a,  epidermis. 

b,  inflammatory  infiltration  of  the  eo- 
rium  surrounding  the  gland  and  hair- 
follicle  and  of  the  neighboring  papillae  e. 

c,  sebaceous  gland  the  contents  of 
which  have  been  mostly  evacuated;  the  re- 
mainder consists  of  pus  and  fatty  epithe- 
lial detritus. 

d,  the  hair-follicle  connected  with  the 
gland  (in  oblique  section). 

e,  altered  papillse. 
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According  to  Kaposi  it  is  due  to  infliunmatory  iiifilti-ation  and  exuda- 
tion in  and  around  the  hair-follicles  and  sebaceous  glands,  and  in  the 
neighboring  papillae.  The  scales  are  composed  of  epithelial  cells  which 
accumulate  round  the  openings  of  the  follicles. 

Lichen  ruber  acicmuiatios  is  characterized  by  the  appearance  of  scat- 
tered hard  red  nodules,  each  capped  with  a  little  knot  of  epidermal 
scales,  and  tending  to  coalesce  into  irregular  desquamating  patches.  In 
the  course  of  years  the  affection  may  extend  over  the  entire  surface  of 
the  body.  The  process  starts  in  and  around  the  hair-follicles  (Hebra, 
Kaposi,  Neumakjst),  beginning  with  hyperplasia  of  the  cells  of  the 
outer  root-sheath;  cellular  outgrowths  from  the  follicles  penetrate  the 
surrounding  structures,  and  the  papillae  and  rete  Malpighii  become  infil- 
trated with  cells  or  themselves  undergo  j)roliferation.  In  licheji  ruber 
planus  the  papules  are  flattened  and  umbilicated,  they  are  red  or  dull 
pink,  and  the  continuous  patches  into  which  they  coalesce  have  a  shining 
waxy  look  and  do  not  desquamate. 

407.  Affections  of  the  hair  and  nails.  Each  hair  according  to  its 
size  has  a  definite  period  of  existence.  When  this  is  at  an  end,  the  hair 
is  shed  and  its  place  is  taken  by  a  new  one.  The  replacement  is  effected 
by  the  cells  at  the  tip  of  the  papilla  ceasing  to  grow  and  multiply,  in 
consequence  of  which  the  old  hair  with  its  inner  root-sheath  is  separated 
from  the  papilla.  The  young  hair  is  then  produced  by  the  renewed 
growth  of  the  cells  of  the  papilla  left  behind  on  the  separation  of  the  old 
hair.     Long  thick  hairs  live  longer  than  short  and  fine  ones. 

To  maintain  the  uniform  growth  of  the  hair  as  a  whole  a  constant 
relation  must  be  kept  up  between  the  loss  of  old  hairs  and  the  production 
of  new.  When  this  relation  is  disturbed  by  hindrances  to  production, 
the  result  is  alopecia  or  baldness.  Kaposi  distinguishes  the  following 
forms. 

Alopecia  adnata,  or  congenital  absence  of  hair,  is  seldom  an  enduring 
condition. 

Alopecia  {calvities)  acquisita  is  natural  in  old  age  {alopecia  senilis),  but 
it  may  appear  at  any  period  of  life  (alopecia  premahir a).  In  the  baldness 
of  age  the  skin  exhibits  the  changes  described  in  Art.  364;  but  it  is  to 
be  noted  that  they  do  not  appear  till  after  the  hair  has  disappeared;  they 
cannot  therefore  be  the  cause  of  the  baldness. 

Alopecia  prematura  may  be  idiopathic  or  symptomatic.  In  the  former 
case  the  hair  falls  off  without  visible  disease  of  the  skin.  When  the  de- 
nudation takes  the  form  of  isolated  patches  the  affection  is  described  as 
alopecia  areata  {area  Celsi  or  piorrigo  decalvans).  In  some  instances  it 
extends  to  every  spot  on  which  hair  occurs.  As  to  its  cause,  some  au- 
thors regard  it  as  a  micro-parasitic  affection  (Eichhokst,  Virch.  Arch. 
vol.  78;  Lassae,  Deutsch.  Med.  Woch.  1881;  Thin,  Prog.  Roy.  Soc. 
1881,  Brit.  Med.  Journ.  2,  1882,  the  associated  fungus  being  named  by 
him  Bacterium  decalvans),  while  others  with  much  less  reason  speak  of 
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it  as  a  trophoneurosis.  In  senile  alopecia  obliteration  of  tlie  capillaries 
supplying  the  hair  papillse  has  been  noticed.  In  the  premature  form  the 
follicles  sometimes  appear  stunted  and  atrophied. 

The  causes  of  symptomatic  alopecia  are  better  understood.  Any  in- 
flammatory process  which  seriously  disorders  the  nutrition  of  the  skin, 
such  as  eczema,  erysipelas,  acne,  lupus,  syphilitic  eruptions,  etc.,  may 
give  rise  to  baldness.  The  continuous  development  of  the  hair  from  its 
bulb  is  interfered  with,  and  the  hair  thus  ceases  to  grow  and  is  shed. 
If  the  papillae  are  not  destroyed  the  hair  may  afterwards  be  reproduced. 

Alopecia  due  to  chronic  exudative  affections  of  the  skin,  such  as  psori- 
asis, lichen  ruber,  or  eczema,  is  described  as  alopecia  furfur  acea  ox  pity - 
rodes.  Seborrhoea  is  a  common  cause  of  baldness.  The  hairs  are  im- 
perfectly formed,  and  they  therefore  fall  off  sooner  than  they  should  do, 
they  are  replaced  only  by  thin  downy  hairs,  and  after  a  time  no  new 
hair  is  produced  at  all. 

The  nails  are  frequently  misformed  or  defective,  and  abnormally 
thin  or  brittle,  especially  as  a  result  of  inflammations  or  of  direct  injury. 

408.  Overgrowth  of  hair  {hypertricliosis,  hirsuties,  polytricliia) 
may  be  congenital  or  acquired.  The  whole  body  or  isolated  parts  of  it 
may  be  abnormally  hairy.  Congenital  hairiness  seems  to  be  hereditary 
in  some  families.  Cases  are  known  in  which  not  only  the  trunk  and 
limbs,  but  also  the  greater  part  of  the  face  and  even  the  nose,  have  been 
covered  with  hair.  Hair  on  the  chin  and  upper  lip  in  women  is  not 
uncommon.  Moles  and  pigment  spots  are  often  abnormally  beset  with 
hair  (Art.  398). 

Overgrowth  of  the  nails  in  length  and  thickness  is  frequently  met 
with,  and  they  are  often  at  the  same  time  distorted,  rough,  or  tubercu- 
lated.  Excessively  long  nails  become  curved  into  claws  {onychogryijJio- 
sis).  When  they  become  excessively  broad  they  are  apt  to  cut  into  the 
soft  parts,  giving  rise  to  haemorrhage  and  inflammation  {paronycMa). 
Vegetable  parasites  sometimes  attack  the  nail  and  its  bed,  which  they 
lienetrate  in  all  directions,  causing  it  to  increase  in  size  and  ultimately 
to  soften  and  break  down  {onychomycosis,  Art.  411). 

On  hairy  men  (homines  pilosi  or  hirsuti)  see  Wilson  (Diseases  of  the  skin  Lon- 
don 1867,  Lectures  on  Dermatology  London  1878)  and  Ecker  ( Ueb.  abnorme  Be- 
haarung  des  Menschen  Brunswick  1878). 


OHAPTEE  XLII. 

PARASITIC  AFFECTIONS. 

409.  Yegetable  parasites.  The  hyphomycetes  or  moulds  (Arts. 
213,  222),  which  infest  the  human  skin  form  jointed  mycelial  filaments 
(hyphse)  and  sjiores  (conidia)  (Fig.  Kil).  Various  names  are  given  to 
the  groups  of  filaments  and  spores  according  to  the  form  of  the  affection 
or  dermatomycosis  which  they  produce.  The  filaments  and  spores  are 
found  chiefly  in  the  epidermoid  structures  of  the  skin,  and  especially  in 
the  hairs  and  hair-follicles.  The  filaments  penetrate  between  the  cells, 
loosen  them  from  each  other,  and  ultimately  separate  them  from  their 
nutrient  base;  the  disintegrated  cells  then  serve  for  a  soil  to  the  growing 
fungus.  Hypergemia  and  inflammation  are  set  up,  and  in  consequence 
scales,  vesicles,  pustules,  and  scabs,  are  developed.  The  fungi  have  no 
perceptible  effect  on  the  system  as  a  whole.  They  do  not  attack  all  skins, 
but  only  those  which  exhibit  a  certain  predisposition,  though  it  is  hard 
to  say  wherein  this  lies. 

The  mycoses  of  the  skin  are  divisible  into  three  main  forms,  known 
as  Favus,  Tinea  tonsurans,  and  Pityriasis  vesicolor. 

In  addition  to  these  familiar  dermatomycoses  there  are  others  which  are  also 
ascribed  to  the  invasion  of  fungi,  such  as  alopecia  areata,  psoriasis,  and  conta- 
gious impetigo.  They  have  been  already  described.  The  bacterial  affections  of 
the  skin  have  likewise  been  treated  of;  they  are  variola  (Art.  388),  erysipelas 
(Art.  375),  phlegmon  and  malignant  pustule  (Art.  390),  leprosy  (Art.  133  and 
392). 

41 0.  FaTUS  {tinea  favosa  or  crusted  ringworm)  chiefly  attacks  the 
scalp,  though  it  is  also  met  with  in  other  parts,  such  as  the  nails.  It  is 
characterized  by  the  formation  of  pale-yellow  cup-shaped  friable  crusts 
usually  perforated  by  hairs,  the  so-called  favus-cups  (ficutula).  The 
crusts  vary  from  the  size  of  a  pin-head  to  that  of  a  sixpence. 

According  to  Kaposi  the  favus-cup  begins  as  a  minute  yellow  punc- 
tiform  spot  perforated  by  a  hair  and  lying  beneath  the  epidermis.  In  a 
few  weeks  it  grows  to  the  size  of  a  pin-head,  and  then  appears  as  a  pale- 
yellow  cup-shaped  disc  showing  through  the  skin.  On  section  the  disc 
(Fig.  162)  is  seen  to  consist  of  mycelial  filaments  and  spores  lying  beneath 
the  horny  layer  of  the  epidermis  (absent  in  the  figure)  in  an  excavation 
of  the  skin.  If  the  cup  is  removed  the  surface  of  the  excavation  has  a 
red  and  moist  appearance.    The  cup  itself  is  whitish  and  friable,  and 
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may  be  teased  out  when  placed  in  water.     The  fungus  is  called  AcJiorion 
Sclionleinii  (from  Schonlein"  who  discovered  it  in  1839). 


a 


Fig.  IGl.    Fungi  from  a  pehsh  favus-patch  {NEUMANN). 

a,  separate  conidia.  b,  mycelial  filaments, 

c,  epidermal  cell  beset  with  micrococci. 
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Fig.  162.    Cup  or  scutulum  of  favus  (NEUMANN). 

a,  free  edge  of  the  cup.  /,  epidermis. 

b,  dead  and  disintegrated  horny  layer  of  the       g,  altered  papilla. 

epidermis.  h,  cellular  infiltration  beneath  the  cup. 

c,  d,  mycelial  filaments.  i,  cutis, 
e,  conidia. 


Il  the  favus-cups  are  not  removed  they  coalesce  to  form  large  con- 
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tinuous  masses.  When  the  liorny  skin  which  binds  thcni  down  is  cast 
off  or  broken  through,  these  masses  are  exposed  and  dry  up  into  yellow- 
ish mortar-like  crusts.  The  hairs  look  dull  and  powdery  and  are  easily 
pulled  out.  This  is  due  to  the  fact  that  the  hyphsB  and  conidia  enter 
the  opening  of  the  hair-follicle  and  grow  into  the  bulb  and  shaft  of  the 
hair  (Fig.  163  a),  and  also  into  the  root-sheaths. 


Fia.  163.     Hair  affected  with  favtjs  {after  KAPOSI). 

a,  hair-bulb  and  shaft. 

b,  root-sheath  beset  with  hyphee  and  conidise. 

The  hair  may  be  actually  extruded  by  the  growing  fungus,  and  the 
papillae  may  become  atrophied  by  pressure.  At  the  same  time  the  sur- 
rounding tissue  is  affected  with  more  or  less  intense  injQammation,  which 
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may  take  on  an  eczematous  character.  When  the  fungiis  settles  in  the 
nail  {onychomycosis  favosa),  yellowish  deposits  or  thickenings  are  formed, 
and  the  substance  of  the  nail  becomes  loosened  and  softened. 

411.  Tinea  tonsurans  {herpes  tonsurans  or  common  ringworm)  is  am 
affection  produced  by  the  filaments  and  spores  of  Trichophyton  tonsurans  ] 
(discoYered  by  Gruby  in  1844).     It  assumes  a  different  appearance  ac- 
cording as  it  occurs  on  hairy  or  non-hairy  parts. 

Tinea  tonsurans  capillitii,  or  ringworm  of  the  scalp,  gives  rise  to  bare 
circular  patches  from  the  size  of  a  sixpence  to  that  of  a  crown-piece,  or  to 
an  irregularly  scattered  eruption,  the  hairs  over  the  affected  spots  being 
broken  off  short  and  frayed  at  the  ends.  The  surface  of  the  patches  is 
smoothed  or  scaly,  and  their  margins  are  reddened.  Vesicles  and  scabs 
are  occasionally  produced.  The  patches  may  be  few  or  many,  and  grow 
steadily  in  size  until  the  affection  is  cured. 

On  non- hairy  parts  rings  of  vesicles  {tinea  {herpes)  tonsurans  vesicu- 
losus)  and  red  scaly  circular  patches  {tinea  tonsurans  squamosus)  are  pro- 
duced, the  affection  being  then  generally  described  as  ti7iea  circinata  or 
ringworm  of  the  body.  Sometimes  a  number  of  red  spots  appear  in  rapid 
succession  at  various  points,  and  heal  as  rapidly  without  attaining  any 
great  size. 

Trichophyton  tonsurans  forms  long  slender  and  but  little  branched 
mycelial  filaments;  it  produces  spores  within  the  body,  but  the  mycelium 
is  not  aggregated  into  scutula  like  that  of  Achoriofi.  It  readily  pene- 
trates the  hair-shaft,  making  it  brittle  or  rotten.  In  scaly  ringworm  of 
the  body  the  fungus  penetrates  the  upper  layers  of  epidermal  cells  im- 
mediately underneath  the  horny  layer  (Kaposi). 

When  the  fungus  attacks  the  nails  {onychomycosis  tonsurans),  they 
become  opaque  and  split  into  laminae,  becoming  at  the  same  time  very 
brittle. 

Sycosis  parasitaria  {tinea  sycosis  or  barber's  itch)  is  due  to  an  inflam- 
mation of  the  skin  and  subcutaneous  tissue  accompanying  the  invasion 
by  Trichophyto7i  of  the  hairy  parts  of  the  face  and  neck.  Exudation  and 
suppuration  are  set  up,  and  pustules,  abscesses,  and  papillary  growths, 
are  the  result  (Art.  405). 

Eczema  marginatum  is  an  eczematous  inflammation  caused  by  Tricho- 
phyton, and  affecting  chiefly  the  genitals  and  the  parts  around  them 
(Kaposi). 

412.  Pityriasis  yersicolor  {tinea  versicolor,  mycosis  microsporina) 
is  characterized  by  the  appearance  of  uniform  pale  or  dark  yellowish  or 
brownish  patches  of  various  sizes  and  shapes,  and  either  smooth  and 
shining  or  dull  and  scaly  on  the  surface.  They  occur  chiefly  on  the  trunk, 
neck,  and  flexor  surfaces  of  the  limbs,  never  on  the  hands  or  feet  or  on  the 
face.  The  epidermis  is  readily  scraped  away  from  the  patches,  and  is 
found  to  contain  the  filaments  and  spores  of  a  fungus  called  Microsporon 
furfur  (discovered  by  Eichstedt  in  1846).     It  grows  in  the  horny  layer 
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of  the  epidermis  and  does  not  penetrate  the  hairs  or  their  follicles.     It 
does  not  usually  set  up  any  hypersemia  or  inflammation. 

Pityriasis  rosea  (Gibert)  or  pityriasis  viaculata  and  circinata  (Bazin)  is  an 
affection  of  the  skin  resembling  ringworm,  and  it  is  stated  that  it  is  due  to  a 
filamentous  fungus.  According  to  Behrend  {Berl.  Jdin.  Woch.  38  and  39,  1881; 
34,  1883),  wlio  calls  the  disease  Roseola  furfuracea  herpetiformis,  it  is  charac- 
terized by  the  formation  of  prominent  rosy  spots  from  the  size  of  a  millet-seed 
to  that  of  a  bean,  wliich  are  covered  with  powdery  epidermal  scales.  They  gen- 
erally occur  on  the  neck,  and  thence  spread  quickly  over  the  body,  leaving  the 
head,  hands,  and  feet  unaffected.  The  spots  disappear  in  two  or  three  days.  In 
some  cases  the  epidei'mal  scales  contain  spores  and  delicate  mycelial  filaments. 

Hebra  recently  described  (Wiener  riied.  Blatter  1881)  a  peculiar  itching  my- 
cosis of  the  skin  affecting  the  neck,  elbows,  and  hams,  and  due  to  a  fungus  re- 
sembling that  of  pityriasis  versicolor.  Small  shining  grayish-yellow  flattened 
papules  are  formed,  which  are  grouped  in  clusters  or  arranged  in  long  rows. 
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Fig.  164.    Section  of  thk  skin  in  scabies. 
(Carmine  staining  :  X  20.) 


a,  homy  layer  traversed  by  numerous 

burrows. 

b,  rete  mucosum,  with  hypertrophied 

and  infiltrated  papillse. 


c,  cutis  infiltrated  with  cells. 

d,  section  through  an  adult  itch-mite. 

e,  eggs  and  embryos  of  various  sizes. 
/,  excreta  of  the  itch-mite. 


413.  Animal  parasites.  We  have  already  described  (in  Arts.  225, 
226,  and  235)  the  various  animals  that  infest  the  cutaneous  tissues,  and 
the  affections  to  which  they  give  rise.  Here  we  need  mention  only 
'scabies  or  itch,  due  to  the  settlement  of  the  Acarus  scaiiei  (Art.  225)  in 
the  epidermis. 

The  itch-mite  pierces  the  horny  layer  and  bores  its  way  obliquely 
through  it  till  it  reaches  the  rete  mucosum  in  the  neighborhood  of  the 
papillae.     As  the  epidermal  cells  grow  and  approach  the  surface,  it  con- 
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tinucs  to  wori£  its  way  downwards  so  as  always  to  keep  below.  In  this 
way  it  gives  rise  to  burrows  (cunicuU)  which  penetrate  the  skin  obliquely 
and  are  irregularly  zigzagged  and  curved:  they  may  reach  the  length  of 
one  or  two  centimetres.  The  mite  sits  at  the  blind  end  of  the  burrow 
(Fig.  164),  leaving  behind  its  excreta  (/")  in  the  form  of  yellow,  brown, 
or  black  grains  and  lumps.  The  female  also  lays  its  eggs  in  the  burrow, 
and  as  these  are  hatched  the  young  mites  may  be  seen  in  all  stages  of 
development  (e). 

The  irritation  caused  by  the  mite  directly  and  by  the  scratching  which 
it  induces  gives  rise  to  eczematous  inflammation  of  the  skin,  with  the 
formation  of  vesicles  and  pustules.  Pus  may  collect  beneath  the  burrows 
of  the  Acarus. 

When  the  affection  is  allowed  to  become  chronic  the  skin  maybe  very 
gravely  altered,  the  epidermal  layers  being  greatly  thickened  and  per- 
vaded by  the  burrows  in  all  directions.  Inflammatory  hypertrophy  of  the 
cutis  takes  place,  and  the  papillae  {h)  become  enlarged  and  notably  elon- 
gated. The  horny  layer  [a)  may  become  almost  honeycombed  or  caver- 
nous from  the  number  of  burrows  which  traverse  it. 


SECTION   VI. 

THE  MUCOUS  MEMBRANES. 


CHAPTER  XLIII. 

STRUCTURE   AND   FUNCTIONS. 

414.  The  general  structure  of  a,  mucous  membrane  is  similar  to 
tliat  of  the  skin,  and  its  surface  is  everywhere  in  continuity  with  the 
exterior  surface  of  the  body.  In  textural  details,  however,  there  are  con- 
siderable differences.  The  fibrous  or  reticular  tissue  (the  mucosa) 
underlying  the  epithelial  cells  is  looser  and  more  cellular  than  the  cutis  ; 
indeed  in  many  parts  it  assumes  the  structure  of  lymph  adenoid  tissue 
and  encloses  a  multitude  of  lymphoid  elements  in  its  meshes.  The 
epithelial  covering  is  thinner  and  more  delicate  than  the  epidermis,  in 
some  places  consisting  only  of  a  single  layer  of  juicy  cylindrical  cells;  and 
even  where  the  layers  are  numerous  there  is  no  protecting  horny  covering 
as  in  the  case  of  the  skin. 

The  mucous  membranes  are  all  well  supplied  with  blood-vessels  and 
lymphatics,  which  extend  up  to  the  epithelial  strata.  The  vessels  are  in 
general  continuous  with  those  of  the  loose-textured  and  vascular  submu- 
cous connective  tissue  (the  submucosa).  The  submucosa  is  abundant 
in  the  mucous  membranes  of  organs  which  are  exposed  to  rapid  and 
repeated  changes  of  area  and  volume,  and  whose  lining-membrane  is  con- 
sequently apt  to  be  thrown  into  folds.  In  organs,  like  the  uterus,  which 
are  not  exposed  to  such  sudden  variations  the  submucosa  is  absent. 

The  epithelial  covering  of  the  mucous  membranes  is  highly  permeable; 
so  that  liquids  and  small  corpusc^^lar  bodies  pass  in  from  the  outer 
surface,  or  pass  out  and  are  excreted  from  the  blood-vessels.  These 
matters  pass  partly  between  the  epithelial  cells,  and  partly  through  their 
substance. 

All  the  mucous  membranes  yield  a  secretion,  which,  apart  from  the 
liquid  excreted  from  the  vessels  (usually  small  in  amount),  is  character- 
ized chiefly  by  the  presence  in  it  of  mucus.  The  mucus  is  derived  from 
certain  of  the  epithelial  cells,  which  elaborate  it  within  their  protoplasm 
and  then  extrude  it.  Lymphoid  elements  also  escape  from  the  reticular 
substructures,  and  passing  between  the  epithelial  cells  reach  the  surface 
and  form  the  swollen  spherules  known  as  mucus-corpuscles.  Accord- 
ing to  Stohr  they  are  most  abundant  where  the  mucosa  contains  lymph- 
adenoid  tissue. 

The  mucus  secreted  by  the  membrane  is  of  great  service  to  it  both 
in  normal  and  in  morbid  conditions.  It  forms  a  protective  covering, 
14 


566  THE    MUCOUS    MEMBRANES. 

and  is  often  of  use  in  warding  off  the  effects  of  noxious  substances  or  in- 
fluences which  may  tend  to  affect  the  membrane  injuriously.  In  certain 
circumstances  the  extruded  lymphoid  elements  may  act  in  a  similar  way. 
If  the  two  together  are  insufficient  to  remove  or  to  withstand  the  noxious 
"agency,  the  mucous  membrane  undergoes  more  or  less  extensive  altera- 
tion and  injury. 

Noxious  matters  also  reach  the  membrane  from  within  by  way  of  the 
blood,  but  the  injuries  so  produced  are  on  the  whole  less  important  than 
the  former  class. 


I 


CHAPTER  XLIT. 

HYPEREMIA  AND  HEMORRHAGE. 

415.  Congestive  hyperajmia.  Many  of  the  mucous  membrunos  are 
physiologically  subject  to  periodic  hyperaemia.  The  blood-supply  of  the 
alimentary  canal  during  digestion,  and  of  the  uterus  during  menstrua- 
tion, is  very  strikingly  increased.  The  increase  is  governed  by  vaso- 
motor inJBuences  transmitted  through  the  nerves,  in  obedience  to  which 
the  afferent  arteries  are  dilated,  and  so  convey  more  blood  to  the  parts. 

Morbid  influences  may  likewise  give  rise  to  hyperemia,  either  by 
paralyzing  the  vaso-constrictor,  or  stimulating  the  vaso-dilator  nerves. 
The  morbid  stimuli  may  act  on  the  cenjiral  nervous  system,  or,  by  reflex 
action,  on  the  mucous  membrane  itself.  The  swallowing  of  hot  food 
makes  the  stomach  hyperaemic  ;  the  inhalation  of  irritating  vapors  or 
the  act  of  rubbing  the  eyelid  will  determine  blood  to  the  bronchi  or  the 
conjunctiva  respectively. 

A  mucous  membrane  when  hyperaemic  becomes  intensely  reddened, 
and  the  distended  vessels  can  be  distinguished  on  close  examination.  At 
the  same  time  the  secretion  becomes  more  abundant,  often  visibly  so  after 
the  congestion  has  lasted  a  little  time. 

Passive  hyperaemia  or  engorgement  usually  gives  rise  to  livid  redness; 
but  if  the  membrane  is  exposed  to  the  air  (as  in  the  case  of  the  lungs) 
the  tint  may  be  almost  arterial.  Long-continued  venous  engorgement 
frequently  leads  to  abiding  varicose  dilatation  of  the  veins.  If  oedema 
results  from  the  engorgement,  the  membrane  usually  swells  up  and  as- 
sumes a  sodden  appearance.  Where  the  submucosa  is  loose  and  open  (as 
in  the  intestine)  the  swelling  is  sometimes  very  remark.ible,  the  transuded 
liquid  collecting  in  great  abundance  in  the  meshes  of  the  tissue. 

416.  Haemorrhages  occur  very  frequently  in  the  mucous  membranes; 
They  may  be  slight,  giving  rise  merely  to  minute  specks  of  ecchymosis 
and  the  mingling  of  a  few  red  corpuscles  with  the  ordinary  secretion  ;  or 
so  abundant  that  the  membrane  itself  is  soaked  with  blood,  which  at  the 
same  time  pours  away  from  the  free  surface.  Excessive  haemorrhages  of 
this  kind  often  occur  without  any  perceptible  cause,  especially  in  persons 
congenitally  predisposed  to  bleeding  (Art.  28).  Many  persons  are  par- 
ticularly subject  to  bleeding  from  the  nasal  mucous  membrane  ;  others 
bleed  from  the  surface  of  the  large  or  small  intestine  or  from  the  bladder, 
sometimes  to  such  an  extent  that  death  ensues.     Congestion,  thropj).-  • 
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embolism,  wounds,  disease  of  the  vessels,  may  any  of  them  give  rise  to 
haemorrhage,  and  some  of  the  inflammations  of  the  mucous  membrane  are 
apt  to  assume  a  haemorrhagic  character,  or  at  least  to  be  accompanied 
by  extravasations  of  blood.  Such  extravasations  may  be  due  to  diapede- 
sis  or  to  actual  rupture  of  the  vessels. 

The  consequences  of  hemorrhage  are  various  :  small  extravasations 
are  re-absorbed,  but  often  (as  in  the  intestine)  leave  behind  slaty  or  black 
discolorations  which  may  persist  for  a  long  time.  Frequently  the  tissue 
infiltrated  with  blood  necroses  and  breaks  down  ;  erosions  and  ulcers  are 
thus  produced,  which  at  times  reach  a  considerable  size.  After  extensive 
hsemorrhage,  such  as  results  from  intense  and  enduring  engorgement, 
large  and  continuous  portions  of  the  tissue  may  perish,  and  gangrene  not 
uncommonly  sets  in. 


OHAPTEK  XLY. 

DEGENERATION,   ATROPHY,   AND  HYPERTROPHY. 

417.  The  various  forms  of  retrogressive  change  described  in  Arts.  32 
-71  may  all  of  them  affect  the  mucous  structures. 

Necrosis  occurs  chiefly  as  the  result  of  mechanical  or  chemical  injury, 
and  also  of  disorders  of  tlie  circulation  and  inflammation.  The  changes 
l)roduced  are  treated  generally  in  Arts.  32-71,  and  with  reference  to 
jiarticulars  in  Arts.  424-427.  The  issue  of  necrosis  is  always  local  in- 
flammation and  ulceration;  repair  talies  place  by  regenerative  growth,  or 
by  granulation  and  cicatrization. 

In  considering  the  various  modes  of  degeneration  it  is  convenient  to 
separate  the  changes  in  the  epithelial  elements  from  those  in  the  fibrous 
tissues  of  the  mucous  membrane.  The  former  show  signs  of  degenera- 
tive change  much  more  frequently  than  the  latter.  One  of  the  common- 
est manifestations  is  an  abnormal  increase  of  the  mucous  secretion  (ca- 
tarrhal inflammation,  Art.  420).  Fatty  degeneration  of  the  epithelial 
cells  is  also  common;  and  abnormal  and  premature  desquamation  plays 
a  considerable  part  in  certain  of  the  inflammatory  processes.  The  fibrous 
structures  are  especially  liable  to  amyloid  disease,  especially  in  the  in- 
testine. The  walls  of  the  vessels  are  the  favorite  seat  of  the  degenerative 
change.  The  fibrous  structures  are  sometimes  affected  by  mucoid  and 
fatty  degeneration,  but  they  are  much  less  liable  to  such  changes  than 
the  epithelium. 

Atrophy  of  the  mucous  membrane,  by  which  the  epithelium  is  in 
part  destroyed,  is  a  condition  of  the  greatest  importance.  In  the  alimen- 
tary canal  the  process  can  be  followed  in  its  most  typical  form;  it  is  usu- 
ally connected  with  or  dependent  on  catarrhal  inflammation. 

It  will  be  remembered  that  the  mucosa  of  the  intestine  is  mainly  com- 
posed of  a  glandular  stratum  containing  lieberkiihnian  crypts  with  the 
underlying  muscularis  mucosES.  The  glandular  stratum  is  about  0.4  to 
'0.5  mm.  in  thickness.  In  catarrhal  conditions  the  epithelium  is  loosened 
and  cast  off  in  abnormal  quantity;  the  fibrous  tissue  between  the  crypts 
is  densely  infiltrated,  and  of  ten  degenerates  or  suppurates  (Art.  421,  Fig. 
167),  so  that  the  epithelium  may  in  part  be  permanently  lost.  The 
glandular  stratum  is  in  consequence  often  Avasted  to  the  half  or  the  third 
of  its  former  thickness  (Fig.  165),  or  the  glands  may  disappear  entirely 
[e]  leaving  nothing  but  a  thin  nucleated  fibrous  film. 
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The  muscnlaris  mucosae  is  in  general  but  slightly  affected,  though  it 
too  may  become  atrophied.  The  submucosa  is  usually  little  altered,  un- 
less the  inflammation  is  very  intense;  and  if  the  inflammation  does  not 
pass  into  ulceration,  the  lymphadenoid  tissue  of  the  mucosa  remains  al- 
most intact. 

The  mucous  membranes  of  the  stomach,  uterus,  etc.,  are  affected  in 
much  the  same  way.  Their  glands  are  usually  atrophied  or  obliterated, 
but  in  some  cases  they  may  undergo  a  kind  of  cystic  degeneration. 

418.  The  power  of  repair  which  the  mucous  membranes  possess  is 
exemplified  in  the  rapid  restoration  of  lost  epithelium.  Bat  this  restor- 
ation is  only  complete  if  the  underlying  fibrous  structures  are  themselves 
uninjured,  or  at  least  effectively  restored.  If  from  any  cause  a  small 
portion  of  the  fibrous  coat  is  destroyed,  the  regeneration  of  the  corre- 
sponding epithelium  is  imperfect.     If  the  portion  destroyed  is  of  any 


Fig.  165.    Mucosa  and  submdcosa  of  an  atrophic  intestine. 

{Alum-carmine  staining:  X  80.) 

a,  glandular  layer  reduced  to  a  half  of  its 

normal  thickness. 
6,  muscularis  mucosae. 


c,  submucosa. 

d,  outer  muscular  coat. 

e,  atrophy  complete. 


great  size,  repair  is  effected  by  granulation  and  cicatrization,  or  a  chronic 
open  ulcer  is  formed. 

As  regards  hyperplasia,  the  various  membranes  comport  themselves 
in  different  ways.  Hyperplasia  of  the  uterine  mucous  membrane  is  very 
common;  in  the  bladder,  oesophagus,  and  small  intestine  it  is  rare.  The 
hyperplasia  is  manifested  as  a  more  or  less  extensive  thickening  of  the 
membrane,  or  in  the  production  of  localized  papillary,  polypous,  or  fungous 
excrescences.  These  changes  are  most  commonly  met  with  in  the  uterus, 
stomach,  colon,  and  nose. 

The  thickened  or  polypous  membrane  may  be  altogether  normal  in 
its  apparent  structure.  But  as  the  hyperplastic  process  is  very  frequently 
associated  with  some  form  of  inflammation,  the  overgrown  portions  usu- 
ally exhibit  certain  morbid  alterations.  The  epithelium  is  often  atro- 
phied, the  glands  obliterated  or  transformed  into  cysts  (Art.  422),  while 
the  fibrous  elements  are  increased,  and  infiltrated  with  cells.  In  other 
instances  the  glands  may  be  hypertrophied. 


CHAPTER  XLVI. 

INFLAMMATORY  AFFECTIONS. 

419.  The  inflammations  of  the  mucous  membranes  are  the  commonest 
of  all  affections,  and  they  play  a  very  considerable  part  in  pathology.  In 
by  far  the  greater  number  of  cases  they  are  induced  by  noxious  agencies 
acting  on  the  external  surface  of  the  membrane  ;  they  are  rarely  due  to 
noxious  matters  carried  to  it  by  the  circulation.  Thus  cystitis,  that  is 
inflammation  of  the  mucous  membrane  of  the  bladder,  is  often  caused  by 
the  action  of  morbid  or  decomposed  urine  ;  intestinal  inflammation  by 
the  ingestion  of  irritant  substances  ;  and  bronchial  inflammation  by  the 
inhalation  of  impure  air.  Symptomatic  inflammations  are  met  with 
chiefly  in  connection  with  certain  general  infective  diseases. 

The  intensity,  extent,  and  duration  of  the  inflammations  of  the  mu- 
cous membranes  vary  greatly  in  different  cases  ;  and  a  number  of  different 
forms  are  distinguished  accordingly. 

420.  In  catarrhal  inflammations,  as  the  name  implies,  the  charac- 
teristic feature  is  a  morbid  increase  of  the  secretion  of  the  membrane. 
Hypersemia  is  of  course  present,  and  often  to  a  remarkable  degree  in  the 
early  stages,  but  the  alteration  in  the  nature  and  amount  of  the  secretion 
is  the  distinguishing  character. 

The  catarrhal  secretion  is  furnished  partly  by  the  blood-vessels  and 
partly  by  the  epithelial  cells.  In  the  early  stages  the  blood-vessels  permit 
the  extravasation  of  an  abundant  colorless  or  sometimes  blood-stained 
liquid,  containing  a  multitude  of  white  corpuscles  (Fig.  166,  1)  inter- 
spersed with  a  few  red  ones.  "When  the  secretion  consists  essentially  of 
this  liquid  exudation,  we  have  what  is  called  serous  catarrh. 

The  liquid  exudation  from  the  blood-vessels  is  always  mingled  with 
secretions  from  the  epithelial  cells.  These  cells  normally  produce  mucus 
from  their  protoplasmic  contents — the  cylindrical  cells  chiefly,  but  to  some 
extent  also  the  stratified  pavement  epithelial  cells,  like  those  of  the  blad- 
der. The  process  may  be  well  observed  in  the  cells  of  the  intestinal  and 
bronchial  epithelium  ;  the  so-called  goblet-cells  of  these  membranes  being 
simply  mucus-forming  structures.  In  catarrh  the  production  of  mucus 
is  much  increased,  the  number  of  goblet-cells  (Fig.  166,  6)  becoming 
considerably  greater  than  in  normal  conditions.  Great  quantities  of 
glassy  mucus  are  thus  deposited  on  the  membrane,  or,  as  in  the  case  of 
nasal  catarrh,  are  cast  off  from  its  free  surface.     If  the  membrane  con- 
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tains  mucus-glands  their  secretion  is  simultaneously  increased,  and  min- 
gles with  that  of  the  lining  epithelium. 

At  first  the  changes  just  described  are  the  only  ones,  or  at  least  the 
only  ones  that  are  obvious.  Sooner  or  later  however  other  changes  set 
in,  unless  the  inflammation  speedily  subsides  and  the  membrane  recovers. 
The  epithelial  cells  begin  to  be  shed,  and  the  secretion  is  rendered  turbid 
by  their  presence.  These  cells  vary  of  course  in  appearance  with  the 
character  of  the  membi-ane  to  which  they  belong.  From  cylindrical 
epithelium  we  get  cylindrical  cells  (3),  which  are  swollen  and  translucent 
or  altogether  in  a  state  of  mucoid  degeneration  (Art.  55).  Goblet-cells 
(6),  ciliated  cells  (5),  squamous  pavement  cell  (11,  12,  18),  are  all  met 


Fig.  166.    Catarrhal  secretions  from  various  mucous  membraxes.    (X  400.) 

A  from  cylindrical  epithelium,  B  from  the  mouth,  O  from  the  bladder.  1,  leucocytes  (pus-cor- 
puscles). 2,  large  leucocytes  with  clear  nuclei  from  the  nose.  3,  mucoid  cylindrical  cells  from 
the  nose.  4,  Spirillum  from  the  nose.  5,  mucoid  ciliated  cells  from  the  nose.  6,  globet-cell 
from  the  trachea.  7,  leucocytes  from  the  nose,  containing  masses  of  mucus.  8,  epithelial 
cells  from  the  nose,  containing  pus-corpuscles.  9,  fatty  cells  from  cases  of  chronic  laryngeal 
and  pharyngeal  catarrh.  10,  cells  from  sputum  containing  soot-pigment.  11  and  13,  squam- 
ous epithelium  from  the  mouth.  13,  mucus-corpuscles.  14,  micrococci.  15,  Bacterium  termo. 
16,  Leptothrix  buccalis.  17,  Spirochceta  denticola.  18,  cells  from  the  surface  layer— and  19, 
from  the  deeper  layers— of  the  bladder.    20,  pus-corpuscles.    21,  Schizomycetes  or  bacteria. 

with  in  catarrhal  secretions.  Where  the  epithelium  is  stratified  the 
polymorphous  cells  of  the  deeper  layers  (19)  may  be  shed  with  the  super- 
ficial cells.  When  the  secretion  thus  contains  a  considerable  proportion 
of  shed  epithelial  cells  we  have  what  may  be  called  epithelial  catarrh. 
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In  the  later  stages  we  may  luive  not  only  an  excessive  desquamation 
of  the  epithelium,  but  also  an  abundant  extravasation  of  leucocytes  from 
the  superficial  blood-vessels.  Many  forms  of  catarrhal  inflammation  are 
thus  cliaractcrizcd  by  an  almost  purulent  secretion,  and  are  described  as 
purulent  catarrh.  The  leucocytes  may  be  small  and  uninuclear,  or 
may  appear  multinuclear  in  consequence  of  the  breaking-up  of  their 
nuclei  into  fragments  (1,  13,  20).  In  recent  cases  they  are  often  swollen 
and  slimy-looking,  and  constitute  the  so-called  mucus-corpuscles  (10). 
Sometimes  spherical  cells  are  met  with,  which  contain  transparent  globules 
of  mucus  in  their  interior  (7);  and  the  smaller  leucocytes  may  at  times 
penetrate  into  the  substance  of  the  degenerate  and  desquamated  e^Mthelial 
cells  (8).  Such  cells  have  been  mistaken  for  brood-cells.  In  chronic 
catarrhs  some  of  the  cells  undergo  fatty  degeneration  (9) ;  while  others 
contain  particles  of  dust  or  soot  (10)  derived  from  without. 

The  components  of  the  cataiThal  secretions  above  referred  to  are  such  as  come 
from  the  mucous  nuembrane  itself.  Many  extrinsic  substances  may  however  be 
found  mingled  with  these.  In  catarrh  of  the  bladder  we  often  find  crystalline 
deposits  from  the  urine  mixed  with  the  mucous  secretion;  the  secretion  of  intes- 
tinal catarrh  is  always  mingled  with  matters  derived  from  the  food.  Bacteria  are 
also  very  frequently  met  with  (4,  14,  15,  16,  17,  21),  in  the  various  forms  of  mi- 
crococci, bacilli,  and  spirilla.  They  ai'e  in  part  to  be  regarded  as  unimportant 
accidental  impurities,  in  part  as  irritants  inducing  or  maintaining  inflammation. 
It  is  impossible  at  present  to  decide  the  part  taken  by  the  different  forms. 

421.  Catarrhal  inflammations  of  the  mucous  membrane  are  usually 
transient.  The  characteristic  symptoms  sooner  or  later  disappear  and 
complete  restoration  follows.  Sometimes  however  the  process  becomes 
chronic,  and  then  certain  secondary  changes  are  induced. 

In  addition  to  the  alterations  in  the  secretion  and  the  epithelial  cells 
already  mentioned,  a  membrane  affected  with  catarrh  shows  signs  of 
cellular  infiltration  in  the  connective  tissue  of  the  mucosa  and  often  also 
of  the  submucosa  ;  and  this  infiltration  is  in  some  cases  very  considerable. 
When  complete  restoration  takes  place  the  infiltrated  cells  disappear 
either  by  migration  to  the  surface,  or  by  passing  into  the  lymphatics,  or 
by  disintegration  and.  absorption.  Where  the  epithelium  has  been  lost 
by  desquamation  repair  is  efiected  by  multiplication  of  the  remaining 
epithelial  cells. 

This  result  is  however  not  invariable;  the  inflammation  may  become 
intensified  so  that  the  tissues  perish  over  some  considerable  extent,  or 
continuing  to  be  of  moderate  intensity  it  may  be  unduly  protracted,  and 
so  occasion  extensive  alteration  in  the  tissues. 

The  intensification  of  the  inflammatory  process  is  manifested  histo- 
logically as  an  increase  of  the  cellular  infiltration.  Thus,  for  instance,  in 
the  colon  the  surface  layers  of  the  connective  tissue  separating  the 
lieberkiihnian  crypts  may  be  densely  infiltrated  with  leucocytes  (Fig. 
167  d).     The  overlying  epithelium  is  soon  lost;    that  of  the  crypts  per- 
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sists,  but  it  is  often  loosened  and  separated  from  its  basement  tissue.  In 
the  later  stages  it  also  may  be  shed  altogether  and  extruded  from  the 
crypts. 

When  the  infiltration  is  extreme  the  tissue  perishes  by  necrosis. 
Patches  of  various  sizes  die  outright  and  are  cast  off  with  the  pus  which 
is  secreted  from  the  surface  (/).  In  this  way  ulcers  {g)  are  produced 
which  may  be  large  or  small  according  to  the  extent  of  the  initial  necro- 
sis. The  lymph-follicles,  in  membranes  that  possess  them,  are  often  the 
chief  seat  of  the  inflammation  and  ulceration.  Ulcers  starting  in  them 
are  known  as  follicular  ulcers.  When  catarrh  of  a  mucous  membrane 
passes  into  ulceration  the  inflammatory  infiltration  usually  extends  far 
beyond  the  limits  of  the  ulcer.  Thus  in  dysenteric  ulceration  of  the  colon 
the  submucosa  (e)  is  infiltrated  as  well  as  the  mucosa  {d  dj. 

432.  When  the  inflammatory  process  is  of  long  duration,  a  certain 


Fig.  167,    Section  of  the  colon  from  a  case  of  dysentery. 
{Hcematoxylin  staining :  X  35.) 

e,  infiltration  of  the  submucosa. 

/,  infiltration  of  the  superficial  glandular 
layers  which  are  in.  process  of  desqua- 
mation. 

g,  ulcer  with  infiltrated  floor. 


a,  mucosa. 

b,  submucosa. 

c,  muscular  coat. 

d,  infiltration  of   the  mucosa  between  the 

crypts, 
dj,  infiltration  beneath  the  crypts. 


amount  of  fibrous  hyperplasia  takes  place,  and  that  whether  the 
process  is  accompanied  by  ulceration  or  not.  In  the  former  case  the 
hyperplastic  tissue  often  takes  the  form  of  papillomatous  outgrowths 
from  the  borders  of  the  ulcer,  and  these  sometimes  reach  a  remarkable 
size.  Even  where  there  is  no  ulceration  similar  papillomatous,  warty,  or 
cauliflower  excrescences  may  be  formed.  In  other  cases  the  fibrous 
hyperplasia  is  more  diffuse,  giving  rise  merely  to  bauds  and  unevennesses 
of  the  surface:  but  both  forms  are  often  found  associated. 
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Thus  after  long-continued  catarrh  of  the  stomach  the  mucous  mem- 
brane has  often  a  grayish  tint  and  is  rough  witli  dense  fibrous  bands  and 
nodes,  or  it  is  beset  with  ridges  and  prominences  which  do  not  disappear 
wlien  tlie  organ  is  distended  (Fig.  168).  These  prominences  are  at  least 
in  part  due  to  fibrous  overgrowth  (e). 

When  the  membrane  contains  glands,  the  openings  of  some  of  them 
become  obstructed,  and  they  are  thus  distended  into  cysts.  Some  of 
the  glands  may  be  obliterated  altogether  by  the  destruction  of  their 
epithelium.  In  other  cases  new  glands  are  formed,  or  at  least  papillary 
outgrowths  covered  with  epithelium  spring  up  from  the  walls  of  the 
glandular  cysts.  The  growths  thus  produced,  which  depend  much  more 
on  fibrous  than  on  glandular  hyperplasia,  often  resemble  tumors,  and 
have  been  incorrectly  described  as  adenomata  (Art.  167).  They  occur 
chiefly  in  the  stomach  and  uterus,  and  might  appropriately  be  called 
inflammatory  papillomata. 


Fig.  168.    Atrophy  of  the  gasteio  gi^ands  with  fibrous  nypERPLASiA  of  thk  mtjcosa, 
(Hcematoxylin  staining :  x  10.) 


o,  mucosa. 

b,  submucosa.' 

c,  muscular  coat. 


d,  hyperplastic  fibrous  tissue. 

e,  gastric  glands. 


(  When  the  membrane  contains  lymphadenoid  tissue,  this  may  likewise 

\  become  hyperplastic  under  the  influence  of  long-continued  catarrhal 
inflammation.  The  follicles  are  enlarged  and  project  as  rounded  nodules 
from  the  mucous  surface. 

433.  Croupous  inflammation.    When  a  mucous  membrane  is  so 
j    injured  that  its  epithelium  is  here  and  there  partially  destroyed,  and  at 
!    the  same  time  its  blood-vessels  are  so  damaged  that  an  abundant  exuda- 
tion is  poured  out  on  the  surface,  coagulation  of  the  latter  may  take 
place  in  the  manner  described  in  Art.  35.     In  this  way  a  pale  yellowish 
membrane  (Fig.  169  a)  is  formed  on  the  surface  consisting  of  fibrinous 
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filaments  and  granules  beset  with  pus-corpuscles,  or  of  shining  homo- 
geneous blocks  (c)  representing  cells  which  have  undergone  coagulative 
necrosis.  This  false  membrane  is  connected  with  the  underlying 
structures  by  fibrinous  threads,  but  it  is  usually  loosely  adherent,  and 
can  be  readily  stripped  off  disclosing  the  red  hypergemic  mucous  mem- 
brane beneath.  An  inflammation  of  this  kind  in  which  the  surface 
exudations  coagulate  in  a  loosely-adherent  false  membrane  is  described 
as  croupous.  It  implies  a  somewhat  abundant  extravasation  of  liquid 
and  of  cells,  and  the  absence  of  such  agencies  as  hinder  coagulation. 
The  epithelial  cells  are  always  more  or  less  injured,  being  either 
necrotic  or  in  process  of  degeneration  and  desquamation;  but  this  injury 
of  the  cells  need  not  precede  the  appearance  of  the  inflammation. 
Inflammatory  disturbance  of  the  circulation  may  be  the  primary  lesion, 
and  the  alteration  of  the  epithelium  secondary. 


Fig. 


Croupous  membrane  from  the  trachea.    (  X  250.) 


a,  section  through  the  false  membrane. 

b,  upper  layer  of  the  mucous  membrane,  infiltrated  with  pus-corpuscles  (dj). 

c,  filaments  and  granules  of  fibrin. 

d,  pus-corpuscles. 

The  fibrous  structures  of  the  inflamed  mucous  membrane  always  con- 
tain liquid  and  cellular  exudations.  If  the  liquid  lie  in  the  larger  lymph- 
spaces  or  in  dilated  lymphatics  it  also  may  coagulate  and  give  rise  to 
fibrous-looking  clots,  rarely  to  homogeneous  and  continuous  masses. 
We  might  in  such  cases  say  that  the  cropous  inflammation  was  deep  or 
parenchymatous,  as  well  as  superficial  in  the  ordinary  sense. 

Croupous  inflammation  occurs  chiefly  in  the  respiratory  mucous 
membranes,  rarely  in  the  alimentary  tract. 

424.  Diphtheritic  inflammation.  When  a  mucous  membrane  is 
injured  in  such  a  way  that  its  epithelium  dies  without  desquamation, 
while  its  blood-vessels  are  damaged  and  pour  out  an  abundant  exuda- 
,  tion,  it  sometimes  happens  that  the  dead  epithelial  cells  become  saturated 
with  the  exuded  liquid  and  then  pass  into  a  peculiar  condition  of  rigidity 
akin  to  coagulation.  The  seat  of  this  change  appears  to  the  naked  eye 
as  a  dull  grayish  raised  patch  surrounded  by  red  and  swollen  mucous 
membrane  (Fig.  170).     The  exudation  is  rich  in  albumen,  and  the  trans- 
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formed  cells  take  on  the  appearance  of  a  kind  of  coarse  mcsh-work  (c) 
almost  or  altogether  devoid  of  nuclei.  The  subepithelial  areolar  tissue 
(fZ)  is  beset  with  filaments  of  fibrin  and  leucocytes.  Ilfemorrhages  (/) 
are  not  uncommon.  Inflammations  of  this  kind,  in  which  the  tissue 
itself  coagulates  into  a  solid  mass,  are  called  diphtheritic.  "When  the 
necrosis  and  coagulation  extend  only  to  the  epithelium  we  may  speak  of 
the  process  as  superficial  diphtheritis. 

As  we  said  in  speaking  of  the  croupous  membrane  it  is  by  no  means 
necessary  that  the  whole  of  the  epithelium  ultimately  affected  should 
perish  at  the  outset;  some  part  of  it  at  least  may  perish  secondarily,  in 
consequence  of  the  inflammation. 

Superficial  diphtheritis  occurs  chiefly  in  the  organs  of  the  throat,  but 
the  conjunctiva  and  the  epithelium  of  the  urogenital  organs  are  also  oc- 


Fia.  170.    Section  through  the  xjvula  in  diphtheritis  paucium. 
(Aniline-hrown  staining  ;  X  75.) 


ft,  normal  epithelium. 

b,  normal  areolar  tissue. 

c,  necrosed  epithelium  transformed  into  a 

coarse  mesh-work. 


d,  areolar  tissue  infiltrated  with  fibrin  and 

leucocytes. 

e,  blood-vessels. 
/,  haemorrhage. 

g,  heaps  of  micrococci. 


casionally  attacked.  The  structure  of  the  respiratory  organs  and  the 
intestine  seems  not  to  favor  this  form  of  inflammation.  When  their 
epithelium  perishes  from  any  cause  it  is  usually  shed  or  dissolved  away, 
and  a  croupous  false  membrane  is  formed  instead  of  the  diphtheritic 
coagulation. 

It  thus  appears  that  croupous  inflammation  and  what  we  have  called  superfi- 
cial diphtheritis  are  very  closely  related.  Speaking  generally  the  distinctive 
characters  of  the  two  processes  are  chiefly  conditioned  by  the  structure  of  the 
mucous  membranes  which  they  affect.  Still  it  is  convenient  to  assign  distinctive 
names  tc  them,  and  to  reckon  all  cases  in  which  the  epithelium  coagulates  en 
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masse  as  diphtheritic.  Necrosis  and  coagulation  of  the  tissue  are  the  distinguish- 
ing features  of  diphtheritic  inflammation;  whether  it  is  superficial  or  deep  its 
nature  is  the  same,  the  mere  seat  is  of  secondary  importance. 

Inasmuch  then  as  the  croupous  membrane  consists  essentially  of  coagulated 
exudation,  croupous  inflammation  is  at  once  distinguished  from  superficial  diph- 
theritis.  Nothing  but  confusion  can  result  from  speaking  of  the  latter  as  pseudo- 
croup  or  pseudo-diphtheritis.  True  croupous  inflammation  may  occur  in  mucous 
membranes  that  are  normally  covered  with  stratified  epithelium,  when  the  super- 
ficial cells  have  been  destroyed  and  shed. 

425.  Deep  or  parenchymatous  diphtheritis  affects  a  greater  extent 
of  tissue  than  the  superficial  form.  It  is  characterized  by  the  coagula- 
tion not  merely  of  the  epithelium  but  also  of  the  underlying  connective 
tissue.  The  affected  patch  is  swollen  and  assumes  a  whitish  or  grayish 
tint,  the  discoloration  extending  through  the  epithelium  to  the  connec- 
tive-tissue structures.  The  epithelium  in  some  cases  is  lost  altogether, 
and  then  the  diphtheritic  patch  consists  of  dead  connective  tissue  only 
(Fig.  171).     The  patch  is  turbid  and  granular  in  texture,  or  it  may  be 


Fig.  171.    Section  op  the  uvula  from  a  case  of  diphtheritis  faucium. 
(2Vie  epithelium  has  been  shed:  aniline-brown  staining:  X  100.) 


a,  micrococci. 

b,  submucous  tissue  changed  Into  amorphous 

blocks. 

c,  extravasated  leucocytes. 


d,  fibrinous  exudation. 

e,  blood-vessels. 

/,  lymphatic  vessel  containing  cells  and  fibrin. 


homogeneous,  or  composed  of  amorphous  hyaline  blocks  {h).  The  nuclei 
are  always  more  or  less  completely  lost.  The  small  vessels  (e)  which 
permeate  the  patch  show  signs  of  a  homogeneous  transformation  of  their 
walls. 

The  dead  tissue  is  separated  from  the  living  by  a  zone  of  cellular  in- 
filtration (c).  Fibrinous  filaments  {d)  are  seen  here  and  there  through 
the  mass.  The  lymphatics  (/")  in  the  neighborhood  contain  coagula  and 
leucocytes. 

Necrotic  inflammation  may  attack  any  of  the  mucous  membranes;  it 
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is  especially  common  as  a  result  of  infection  of  one  kind  or  another.  We 
are  frequently  able  to  demonstrate  that  it  is  associated  with  the  invasion 
of  the  tissue  by  bacteria  (a). 

References  on  croupous  and  diphtheritic  inflammation: — Bretonneau,  De  la 
diphtherite  Paris  1826-27,  Arch,  g^nerales  1855,  Memoirs  on  diphtheria  (New  Syd. 
Soc.)  1859;  Virchow,  Handb.  d.  spec.  Path.  u.  Ther.  i.  Berlin  1854,  and  Berl.  klin. 
Woch.  2,  1865;  Wagner,  Arch.  d.  Heilk.  vil.,  vni.,  Handb.  d.  allg.  Path.,  Zievin- 
sen's  Cyclop,  vii. ;  Cornil  and  Ranvier,  Man.  Path.  Hist.  i.  London  1882;  Wei- 
GERT,  Virch.  Arch.  vols.  70,  72,  80,  and  Art.  Entzundung  in  Eidenburg's  Realen- 
cyclop.;  Zahn,  Beitrdge  z.  path.  Hist,  d.  Diphtheritis  Leipzig  1878;  Leitz, 
Diphtherie  u.  Croup  Berlin  1877;  Oertel,  Ziemssen's  Cyclop,  ii.;  Schweninger, 
Arbeiten  a.  d.  path.  Institute  Munich  1878;  Cohnheim,  Allg.  Pathologic  l.  Berlin 
1881;  Heubner,  Die  experimentelle  Diphtherie  Leipzig  1883. 

426.  The  formation  of  the  necrotic  patch  or  slough  is  of  course  not  the 
final  stage  of  the  •  diphtheritic  process.  The  sloughs  themselves  act  as 
irritants  and  set  up  inflammation  around  them.  Superficial  epithelial 
sloughs  become  in  this  way  infiltrated  with  pus  and  so  are  loosened  and 
cast  off.  The  loss  of  substance  is  then  made  good  by  regenerative  multi- 
plication of  the  remaining  epithelial  cells.  Larger  and  deeper  sloughs 
may  in  like  manner  be  separated  by  suppurative  inflammation  taking- 
place  around  them,  and  the  deficiency  is  then  made  up  by  the  formation 
of  a  cicatrix,  which  in  process  of  time  may  be  covered  over  with  new 
epithelium.  But  the  process  often  maintains  its  destructive  character 
for  a  considerable  time,  extending  continually  to  greater  depths,  and 
often  inducing  intense  purulent  inflammation  over  a  wide  area  around 
the  initial  lesion. 

Sometimes  the  necrotic  inflammation  takes  on  a  gangrenous  charac- 
ter, that  is  to  say  micro-organisms  penetrate  the  diseased  tissues  and  set 
up  in  them  septic  or  putrid  decomposition.  The  affection  is  then  much 
more  grave,  for  the  products  of  decomposition  act  as  highly  noxious  irri- 
tants on  the  tissues  that  are  still  healthy.  Definitive  suppuration  may 
however  in  this  case  also  lead  to  the  separation  of  the  dead  tissue  from 
the  living,  and  so  allow  the  process  of  repair  to  begin. 

427.  Phlegmonous  inflammation.  In  speaking  of  catarrh  we 
said  that  the  inflammatory  process  might  become  so  intensified  that  it 
passed  into  the  purulent  form,  that  is  to  say  into  suppuration.  In  ad- 
dition to  this  purulent  catarrh  we  occasionally  meet  with  a  suppurative 
form  of  inflammation  in  which  the  exudation  is  purulent  or  fibrino- 
purulent,  but  is  not  like  the  former  merely  superficial.  This  form  gives 
rise  to  diffuse  purulent  infiltration  of  the  mucosa  and  submucosa,  which 
may  in  consequence  become  enormously  swollen  and  as  it  were  saturated 
with  pus.  If  the  patient  survives,  large  portions  of  the  submucosa  may 
break  down  and  dissolve  in  the  purulent  exudation.  This  form  corre- 
sponds to  phlegmonous  inflammation  of  the  integument  (cellulitis),  and 
is  also  described  as  phlegmonous.     It  occurs  in  the  mucous  membranes 
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of  the  pharynx  and  stomach,  and  rarely  elsewhere.     It  is  due  to  some 
microparasitic  infection. 

When  the  afEection  is  recent  the  tissues  are  everywhere  infiltrated 
with  liquid  and  cellular  exudations  and  with  pus-corpuscles.  Here  and 
there  granular  and  fibrillated  coagula  are  seen,  and  presently  the  infil- 
trated tissue  and  the  extravasated  cells  become  necrosed.  The  cells  then 
look  turbid  and  granular,  lose  their  nuclei,  and  disappear;  and  the  epi- 
thelium and  connective  tissue  perish  in  like  manner. 


I 


CHAPTER  XLTII. 

INFECTIVE  GRANULOMATA  AND  TUMORS. 

428.  Tuberculosis  of  the  mucous  membranes  is  one  of  the  com- 
monest of  all  diseases.  In  post-mortem  examination  we  generally  meet 
with  it  in  the  form  of  tuberculous  ulceration,  but  opportunities  often 
occur  for  studying  the  process  in  its  early  stages.  It  begins  as  a  cellular 
infiltration  of  the  sub-epithelial  tissue,  which  is  either  localized  in  defi- 
nite nodules,  or  diffusely  scattered  with  here  and  there  slightly  marked 
aggregations.  If  there  are  any  lymph-follicles  in  the  tissue  the  infil- 
trated cells  tend  to  accumulate  round  them.  The  smallest  nodules  of 
all  have  often  no  very  characteristic  appearance,  but  they  occasionally 
contain  giant-cells.     Caseation  usually  sets  in  early  (c).     The  tubercu- 


Fig.  172.    Tuberculosis  of  the  bronchial  mucous  membrane,  (x  25.) 

a,  epithelium.  c,  tubercle. 

h,  infiltrated  fibrous  tissue  of  the  mucosa.  d,  border  of  a  small  ulcer. 

lous  nodules,  which  at  first  project  somewhat  above  the  surface  of  the 
membrane,  become  thereupon  white  and  opaque.  Disintegration  speedily 
follows;  the  sub-epithelial  nodules  break  through  the  epithelium,  and 
rounded  or  sinuous  ulcers  of  various  sizes  (Fig.  173  d  and  173  Ji)  are 
formed.  The  floor  and  margins  of  such  ulcers  are  infiltrated  with  cells, 
the  surface  portions  being  necrotic.  Tubercles  are  often  but  not  always 
found  seated  in  the  infiltrated  zone. 

In  the  mucous  membrane  of  the  bronchi  and  bladder  the  tuberculous 
growths  do  not  attain  any  large  size.  In  the  larynx,  glottis,  and  epiglot- 
tis the  sub-epithelial  granulomatous  tissue  may  sprout  into  fungous 
growths  resembling  exactly  the  fungating  granulomata  of  bone  (Art.  131). 
The  epithelium  is  thereby  raised  into  warty  excrescences,  and  when  they 
break  down  more  or  less  extensive  ulcers  are  produced. 

Tuberculous  disease  of  the  large  and  small  intestine  resembles  that  of 
the  laryngeal  mucous  membrane,  but  the  ulcerations  are  usually  much 
j  larger.  The  tubercles  (Fig.  173  *  *\)  are  seated  chiefly  in  the  submucosa; 
15 
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the  cellular  mtiltrations  of  the  mucosa  are  less  definitely  aggregated. 
When  the  tubercles  break  down  cavities  are  formed  in  the  submucosa 
(Aj),  which  we  may  call  tuberculous  abscesses,  and  these  gradually 
extend  into  and  through  the  mucosa  and  ultimately  form  open  ulcers  on 
the  surface  {h). 

The  tuberculous  ulcer  when  once  formed  usually  advances  by  pro- 
gressive disintegration  of  its  infiltrated  margins.  The  infiltration  of 
cells  and  their  aggregation  into  tubercles  being  very  irregular  in  their 
course  (Fig.  173),  the  process  of  disintegration  is  also  irregular,  and  con- 
sequently the  outline  of  a  tuberculous  ulcer  of  any  great  size  is  usually 
without  any  regularity.  Its  margins  are  often  red  and  swollen  and  beset 
with  grayish  and  yellowish  nodules,  or  they  may  be  but  slightly  swollen 


a,  mucosa. 
6,  submucosa. 

c,  internal  muscular  coat. 

d,  external  muscular  coat, 

e,  serous  coat. 
/,  solitary  follicle. 


Fig.  173.    Tuberculosis  op  thb  large  intestine. 

(Bismark-brovm  staining :  x  30.) 

g,   cellular  infiltration  of  the  mucosa. 
h,  tuberculous  ulcer. 
hi,  tuberculous  abscess. 
z,    recent  tubercle. 
ii,  caseous  tubercle. 


and  sharply  cut  or  even  undermined.  The  floor  is  uneven  and  often  be- 
set with  yellowish  nodular  deposits.  Sometimes  papillary  outgrowths  of 
considerable  size  arise  from  the  margins  and  floor  of  the  ulcer. 

Complete  repair  very  seldom  takes  place  in  a  tuberculous  ulcer. 
When  it  does  it  is  by  the  separation  and  extrusion  of  the  whole  of  the  dis- 
eased tissue,  healthy  granulations  springing  up  beneath  it.  From  these 
cicatricial  tissue  is  elaborated,  which  at  length  is  covered  over  with  epi- 
thelium growing  in  from  the  borders. 
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In  most  cases  liowever  the  process  advances  steadily,  and  if  death  does 
not  intervene  a  very  extensive  destruction  of  tissue  is  the  result. 

429.  Syphilis  gives  rise  to  simple  catarrhal  inflammations  of  no 
great  severity,  and  also  to  granulating  ulcers  analogous  to  those  of  tuber- 
culosis. The  ulcers  begin  as  soft  grayish-white  elevations  of  the  mucous 
membrane  corresponding  to  the  syphilitic  condylomata  of  the  skin. 
These  look  like  hyperplastic  follicular  structures,  but  as  a  fact  they  do 
not  start  in  the  follicles.  Cases  do  however  occur  in  which  the  follicles 
are  affected  by  syphilis ;  and  then  they  become  enlarged  and  speedily 
break  down.  The  granulomatous  syphilitic  growths  are  seated  chiefly  in 
the  mucosa  and  submucosa.  When  fully  developed  and  about  to  break 
down  they  consist  of  simple  cellular  tissue  exactly  resembling  granulation- 
tissue. 

The  first  thing  to  appear  is  an  eruption  of  small  soft  rounded  nodules, 
which  are  often  highly  vascular.  Sometimes  (especially  in  the  larynx) 
this  is  accompanied  by  the  appearance  of  larger  nodulated  growths. 
These  growths  break  down  and  form  ulcers  which  continue  to  advance 
by  progressive  disintegration  of  their  margins  and  floor.  The  diseased 
tissue  is  grayish  or  yellowish  in  tint.  When  the  process  comes  to  an  end 
puckered  scars  and  papillary  excrescences  are  left.  Syphilitic  ulcers  of 
this  kind  are  met  with  chiefly  in  the  mouth,  pharynx,  larynx,  vagina, 
and  rectum  (Art.  435). 

430.  Glanders  of  the  mucous  membrane  begins  with  the  formation 
of  small  sub-epithelial  nodules  (Art.  135),  which  are  generally  larger  than 
those  of  tuberculosis  ;  sometimes  indeed  (as  in  the  stomach)  they  are  as 
large  as  a  hazel-nut.  Caseation,  suppuration,  and  ulceration  speedily 
ensue;  the  ulcers  being  covered  with  yellowish  muddy-looking  shreds  of 
necrotic  tissue,  while  their  margins  are  red  and  hyperaemic.  The  foci  of 
infection  are  usually  numerous,  new  ones  forming  in  contiguity  to  the 
old  ones,  and  in  this  way,  as  successive  ulcers  coalesce,  large  irregular 
sinuous  open  sores  are  formed.  They  secrete  a  dirty  creamy  pus. 
When  they  heal  they  give  rise  to  irregular  puckered  scars. 

In  horses  the  affection  attacks  chiefly  the  mucous  membrane  of  the 
nose  ;  it  is  rare  to  meet  with  it  elsewhere,  though  sometimes  the  entire 
alimentary  canal  is  beset  with  the  characteristic  nodules.  Glanders  of  the 
mucous  membrane  in  man  is  on  the  whole  a  rare  affection. 

Liipns  affects  the  mucous  membrane  of  the  nose,  mouth,  pharynx, 
larynx,  and  perhaps  the  vagina;  in  course  and  appearance  it  exactly  re- 
sembles the  skin-affection  (Arts.  132,  392). 

Leprosy  (Arts.  131,  392)  appears  as  a  nodular  or  diffuse  infiltration 
of  the  mucous  membrane  of  the  mouth,  pharynx,  larynx,  nose,  and  eyes. 
The  nodules  break  down  and  give  rise  to  leprous  ulcerations. 

431.  The  most  important  tumors  of  the  mucous  membranes  are  un- 
questionably adenoma  and  carcinoma.  Other  kinds  are  on  the  whole 
rarely  met  with,  though  cases  are  recorded  of  lipoma  (in  the  intestine). 
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sarcoma  (intestine,  uterus),  myxoma  (vagina),  fibroma  (uterus,  stomach), 
and  lymphoma.  The  tumors  which  originate  in  the  connective  tissue 
usually  take  the  form  of  rounded  swellings  projecting  above  the  surface 
of  the  mucous  membrane. 

Adenoma  (Arts.  167-169)  appears  in  two  different  forms  ;  either  it 
is  confined  to  the  mucosa,  or  it  extends  into  the  submucosa  and  thence 
into  the  surrounding  tissues  and  organs.  Tlie  first  form  gives  rise  to 
polypous  tumors  whose  general  structure  con-esponds  closely  with  that  of 
the  mucosa;  that  is  to  say  though  the  glandular  elements  are  larger,  more 
numerous,  and  less  regular  than  in  the  normal  tissue,  they  exhibit  the 
typical  gland-structure  characteristic  of  the  membrane.     They  may  most 


Fig.  174  A.    Destructive  adknoma  of  the  stomach. 
(Hcematoxylin  staining :  X  25.) 
a,  mucosa.  6,  submucosa.  c,  muscular  coat.  d,  serous  coat. 

e,  adenomatous  neoplasm  starting  from  the  mucosa  and  invading  the  other  coats. 

appropriately  be  described  as  glandular  hyperplasias  of  the  mucous 
membrane.  The  second  form  of  adenoma,  described  as  destructive 
adenoma,  adenocarcinoma,  or  sometimes  epithelioma,  also  agrees  in 
structure  with  the  glandular  type,  but  its  mode  of  growth  and  its  ten- 
dency to  invade  the  surrounding  tissues  distinguish  it  sharply  from  the 
other  form. 

Both  adenocarcinoma  and  simple  carcinoma  take  their  origin  in  the 
lining  epithelium  of  the  surface,  or  in  the  epithelium  of  the  glands. 
They  form  tumors  that  vary  much  in  size  and  consistence.  They  both 
tend  to  infiltrate  not  only  the  mucosa  bat  the  submucosa  and  deeper 
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tissues,  the  infiltration  resulting  in  the  transformation  and  destruction  of 
the  invaded  structures.  Fig.  174:  A  illustrates  this  point  very  clearly. 
The  neoplasm  has  started  in  the  mucous  glands  of  the  stomach  and  thence 
invaded  the  several  coats,  altering  and  destroying  their  structure  in  its 
progress. 

All  cancers  (adenocarcinomata  and  carcinomata)  of  the  mucous  mem- 
brane ultimately  break  down  and  ulcerate,  giving  rise  to  what  are  called 
cancerous  ulcers.  Blood-vessels  are  sometimes  invaded  and  serious  haemor- 
rhage may  thus  be  caused.  The  cancerous  infiltration  advances  steadily, 
and  is  closely  followed  by  the  ulceration  ;  in  this  way  open  sores  of  extra- 
ordinary size  are  produced.  For  example,  cancerous  ulceration  of  the 
uterus  sometimes  leads  to  frightful  destruction  of  the  pelvic  and 
abdominal  organs ;  the  greater  part  of  the  uterus,  and  the  walls  of  the 
bladder,  vagina,  and  rectum  may  be  successively  attacked  and  destroyed. 
Cancer  of  the  intestine  usually  proves  fatal  before  the  destruction  of  tissue 
becomes  very  extensive. 

It  sometimes  happens  in  cases  of  cancer  of  the  mucous  membrane 
that  the  greater  part  of  the  neoplastic  tissue  is  itself  destroyed  by  ulcera- 
tion. The  open  wound  which  is  left  granulates  and  cicatrizes,  giving 
rise  to  marked  induration  and  contraction  of  the  tissues.  A  true  cancer- 
ous ulcer,  open  or  cicatrized,  may  in  such  a  case  look  exactly  like  a 
simple  Inflammatory  ulcer  or  induration. 

Carcinoma  of  the  mucous  membrane  takes  various  forms ;  sometimes 
it  is  soft  and  marrowy,  and  is  then  clinically  described  as  encephaloid  or 
medullary  cancer  ;  in  other  cases  it  is  firm  and  coarsely  fibrous  in 
structure  ;  in  other  cases  again  it  is  colloid  or  jelly-like. 
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THE  ALIMENTARY  TRACT. 


CHAPTER  XLYIII. 

GENERAL    CONSIDERATIONS. 

432.  The  alimentary  canal  consists  essentially  of  an  epithelial  tube, 
which  is  furnished  on  its  outer  surface  with  certain  auxiliary  structures 
chiefly  of  a  muscular  kind.  The  diseases  of  the  alimentary  canal  are 
thus  for  the  most  part  diseases  of  mucous  membrane.  Their  pathology 
is  mainly  a  special  application  of  the  general  principles  considered  in  the 
last  Section.  In  particular  the  causation  of  most  of  these  diseases  comes 
under  the  description  already  set  forth  in  general  terms.  They  are  due 
as  a  rule  to  the  presence  in  the  alimentary  canal  of  substances  which  are 
either  noxious  in  themselves,  or  have  undergone  some  abnormal  decompo- 
sition after  ingestion.  It  is  not  to  be  forgotten,  however,  that  irritant 
matters  may  be  conveyed  to  the  intestinal  tissues  by  the  blood  or  lymph, 
and  that  morbid  changes  may  be  thus  induced. 

The  different  segments  of  the  alimentary  canal  differ  considerably  in 
their  structure  as  well  as  in  their  functions.  To  these  differences  corre- 
spond certain  striking  differences  in  the  pathological  phenomena  they 
exhibit.  The  forms  of  disease  to  which  they  are  subject,  the  course  a 
given  disease  may  run,  and  the  textural  changes  it  sets  up,  all  differ  in 
the  different  parts  of  the  tract.  In  fact  this  single  viscus  furnishes  us 
with  numerous  and  striking  illustrations  of  the  principle — that  the  special 
form  assumed  by  a  disease  depends  not  merely  on  the  nature  of  the  ori- 
ginating cause,  but  also  to  a  great  extent  on  the  structure  of  the  affected 
organ,  in  other  words  on  the  anatomical  predisposition  of  the  tissues 
that  are  involved. 


OHAPTEE  XLIX. 

THE  MOUTH. 

Inflammatory  affections:  stomatitis. 

433.  The  inflammations  of  the  mucous  membrane  of  the  mouth  re- 
semble in  some  points  the  inflammations  of  the  skin,  and  in  other  points 
those  of  mucous  membranes  in  general.  Various  forms  are  distin- 
guished according  to  their  intensity. 

The  slightest  degree  of  inflammation  is  described  as  erythema.  It 
is  characterized  by  more  or  less  intense  redness  of  the  surface,  and  either 
rapidly  disappears  or  passes  into  the  more  severe  form  known  as  catar- 
rhal stomatitis.  In  this  form  the  surface  is  intensely  red  or  livid,  the 
secretion  of  the  membrane  is  increased,  and  the  epithelium  desquamates. 
Over  the  surface  of  the  lips,  cheeks,  and  gums  the  redness  and  swelling 
are  in  general  uniformly  diffused,  on  the  hard  palate  they  may  appear  in 
streaks  and  patches.  The  papillae  of  the  tongue  are  most  affected;  some 
of  them  usually  become  markedly  prominent,  and  so  give  the  surface  a 
rough  tuberculated  look. 

When  the  inflammatory  exudation  is  abundant,  clear  vesicles  or  blebs 
are  sometimes  formed  on  the  tongue,  lips,  and  cheeks,  where  the  epithe- 
lial covering  is  thicker  or  tougher  than  elsewhere  and  prevents  the  free 
escape  of  the  exuded  liquid.  But  here,  as  in  the  external  skin,  the  pro- 
cess of  vesiculation  is  always  accompanied  by  a  certain  amount  of  lique- 
faction of  the  deeper  epithelial  cells.  As  the  vesicles  break  small  ulcers 
covered  with  a  whitish  film  of  detritus  may  be  formed  in  their  place. 

The  mucous  glands  become  swollen,  giving  rise  to  grayish  or  grayish- 
red  elevations  of  the  surface,  surrounded  by  a  reddened  areola.  When 
its  excretory  duct  becomes  obstructed  with  mucoid  cells,  the  gland  may 
be  dilated  into  a  tiny  cyst  by  the  retention  of  its  secretion. 

In  recent  acute  catarrh  of  the  mouth  the  catarrhal  secretion  contains 
comparatively  few  cells;  in  the  later  stages  the  proportion  becomes  in- 
creased. The  cells  are  in  part  extravasated  leucocytes,  in  part  desqua- 
mated epithelial  cells.  If  the  latter  remain  on  the  surface,  they  may 
accumulate  so  as  to  form  a  whitish  or  discolored  gray  and  brown  deposit 
or  *  fur^'  which  in  the  case  of  the  tongue  may  reach  a  considerable 
thickness.  Fissures  and  cracks  often  appear  on  the  surface  of  the  lips 
and  at  the  angles  of  the  mouth,  and  these  may  exude  liquid  and  be- 
come covered  with  crusts.     They  may  pass  by  degrees  into  small  ulcers. 
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Catarrhal  stomatitis  is  generally  the  result  of  some  mechanical  or 
chemical  irritation  of  the  oral  mucous  membrane:  when  the  irritation  is 
local,  like  that  caused  by  a  carious  tooth,  the  stomatitis  is  likewise  local. 
But  there  are  also  many  specific  poisons  that  set  up  inflammation  within 
the  mouth.  In  measles  a  spotty  or  macular  eruption  appears,  in  scarla- 
tina a  punctate  or  diffuse  scarlet  eruption.  In  small-pox,  chicken-pox, 
herpes,  pemphigus,  and  in  foot-and-mouth  disease,  there  are  eruptions 
of  vesicles  and  pustules,  which  pass  through  the  same  stages  as  those  of 
the  skin  (Art.  370). 

Erysipelatous  inflammation  may  extend  from  the  skin  to  the 
mouth,  or  may  actually  begin  in  the  mouth,  causing  dark  or  livid  redness 
and  much  swelling  and  sometimes  even  vesiculation  (Art.  375).  The 
tongue  is  the  part  most  affected,  inasmuch  as  not  only  the  mucosa  but 
the  intermuscular  connective  tissue  become  densely  infiltrated  with  liquid 
and  migratory  cells. 

Aphthous  stomatitis  is  a  peculiar  form  of  the  catarrhal  inflamma- 
mation.  It  is  distinguished  by  the  appearance  on  the  catarrhal  mucous 
membrane  of  small  whitish  or  slightly  yellowish  patches  {aphtlice)  from 
the  size  of  a  hemp-seed  to  that  of  a  split-pea.  The  patches  are  isolated 
or  grouped,  and  are  most  abundant  over  the  tongue  and  lips.  They  are 
surrounded  by  a  livid  border,  and  may  coalesce  into  larger  patches  or 
streaks,  though  these  seldom  reach  any  great  size. 

These  aphthas  consist  of  a  solid  fibrinous  exudation  lying  between  the 
fibrous  tissue  and  the  epithelium  (Bohn).  The  exudation  may  be  reab- 
sorbed, and  the  aphthae  then  disappear.  More  commonly  however  the 
thin  epithelial  covering  is  broken  through,  the  fibrinous  film  is  exposed, 
and  gradually  separated  and  extruded  by  regenerative  growth  of  the  epi- 
thelium advancing  beneath  it  from  the  margin.  As  the  epithelium  is 
reproduced  simultaneously  with  the  separation  of  the  fibrin,  no  ulcers  are 
in  general  produced ;  sometimes  however  suppuration  is  set  up  in  the 
zone  surrounding  the  aphthae.  The  eruption  occurs  in  successive  crops 
and  may  thus  be  kept  up  for  weeks. 

Aphthous  inflammation  has  been  compared  (Bohn)  with  impetiginous 
eczema  of  the  skm  (Art.  385).  It  occurs  chiefly  in  children  who  are 
teething  or  otherwise  subject  to  inflammatory  affections  of  the  mouth. 
It  also  occurs  in  connection  with  sore  throat  (angina),  and  with  pneu- 
monia, gastric  catarrh,  the  acute  exanthema,  diphtheria,  ague,  whooping- 
cough,  etc.  It  is  rarely  met  with  in  adults,  though  it  has  been  observed 
in  women  during  menstruation,  in  pregnancy,  and  during  the  puerperal 
period.  The  affection  is  entirely  unconnected  with  any  invasion  of  fungi 
(Art.  436). 

On  croupous  and  diphtheritic  stomatitis  see  Art.  443  ;  on  corrosive 
stomatitis  see  Art.  450. 

The  term  aphthae  has  not  always  been  applied  to  the  same  affection.     Hippo- 
crates describes  the  white  patches  of  '  thrush  '  (Art.  436)  as  aphthae  ;  and  many 
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authors  still  use  the  term  in  this  sense,  while  others  apply  it  to  various  other  af- 
fections of  the  mouth.  Nowadays  common  usage  is  more  strict,  and  the  term  is 
confined  to  the  form  of  stomatitis  spoken  of  in  the  text  (Bohn).  See  Billard 
{Maladies  des  enfants  Paris  1823),  Bohn  {Die  Mundkranhheiten  d.  Kinder  Leipzig 
1866,  and  Gerhardfs  Handb.  d.  Kinderkranheiten  iv.). 

The  foot-and-mouth  disease  of  cattle  is  sometimes  communicated  to  man,  the 
infection  being  generally  conveyed  by  the  use  of  uncooked  milk  from  diseased 
animals.  Small  vesicles  with  whitish  turbid  contents  appear  on  the  mucous 
membrane  of  the  mouth  ;  they  then  rupture  and  leave  behind  dark-red  slowly- 
healing  erosions.  See  Bollinger  {Ziemssen's  Cyclopcedia  m.),  PiJTZ  {Die  Seuchen 
u.  Herdekrankheiten  Stuttgart  1883),  Demme  {Bericht  ub.  d.  Thdtigkeit  d.  Kinder- 
spitals  Berne  1883). 

434.  Ulcerative  stomatitis  is  an  affection  which  always  starts  from 
the  alveolar  margin  of  the  gums  (Bohn).  It  begins  with  redness, 
swelling,  and  loosening  of  the  gums  around  the  teeth.  The  alveolar 
margin  becomes  rounded  and  swollen,  with  blunt  processes  rising  up  be- 
tween the  teeth;  hsemorrhage  is  not  uncommon  at  this  stage. 

In  the  second  stage  the  margin  of  the  swollen  gum  becomes  discol- 
ored, and  the  tissue  softens  and  breaks  down  into  a  yellowish  friable 
mass.  Ulcers  are  thus  formed,  which  rapidly  deepen,  the  surface  being 
overspread  with  shreds  of  softened  tissue.  The  ulcerative  process  may 
extend  directly  to  the  contiguous  parts  of  the  cheeks  and  lips,  and  may 
work  downward  till  it  attacks  the  periosteum  of  the  bony  structures, 
leading  to  necrosis  and  the  formation  of  sequestra. 

The  affection  is  usually  acute,  seldom  chronic;  children  are  especially 
liable  to  it,  but  adults  do  not  escape.  It  attacks  persons  who  are  badly 
nourished  or  debilitated  by  disease,  such  as  scrofulous  disorders,  intesti- 
nal complaints  accompanied  by  exhausting  discharges,  typhoid,  diabetes, 
or  scurvy.     Damp,  cold,  and  impure  air  seem  to  favor  its  appearance. 

Local  irritation  or  injury  may  also  lead  to  it,  as  in  cases  of  chronic 
poisoning  by  mercury,  phosphorus,  lead,  and  copper.  All  of  these  sub- 
stances if  they  repeatedly  gain  access  to  the  mouth  may  cause  ulcerative 
inflammation.  The  form  which  is  due  to  long-continued  phosphorus- 
poisoning  is  very  apt  to  extend  deeply  into  the  tissues,  and  so  give  rise  to 
periostitis  and  necrosis  of  the  bones  of  the  jaws. 

Noma^  cancrum  oris,  or  '  water  canker,'  is  an  affection  allied  to  ul- 
cerative stomatitis,  but  of  a  much  more  serious  character.  It  may  begin 
as  an  ulcerative  stomatitis  or  appear  independently  (Bohn).  In  the 
former  case  the  disintegration  of  the  tissue  of  the  gums  extends  rapidly, 
and  the  tissue  breaks  down  into  a  pulpy  gangrenous  or  putrid  mass.  If 
the  affection  is  not  preceded  by  ulcerative  stomatitis,  the  first  symptom 
is  the  appearance  of  a  livid  swelling  on  the  inner  surface  of  the  cheek 
near  the  angle  of  the  mouth,  accompanied  generally  by  a  free  flow  of 
foul  saliva;  a  patch  of  grayish-yellow  infiltration  then  appears,  and  this 
speedily  breaks  down  and  becomes  gangrenous.  Sometimes  vesicles  or 
blebs  arise  on  the  gangrenous  surface.     The  disease  goes  on  to  attack  the 
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outer  skin  of  the  cheek,  giving  rise  first  to  a  purplish  spot  on  which  a 
kind  of  blister  appears.  The  spot  then  becomes  black,  and  gangrene  sets 
in  and  spreads.     As  a  rule  the  surrounding  tissue  is  highly  a3dernatous. 

The  affection  is  generally  confined  to  one  side.  Once  the  gangrene 
has  begun  the  destructive  process  advances  rapidly  in  all  directions  and 
may  reach  an  astonishing  extent.  It  is  nearly  always  fatal.  In  rare 
cases  the  process  comes  spontaneously  to  a  standstill,  and  the  wound 
heals  by  granulation  and  cicatrization,  resulting  in  more  or  less  grave 
disfigurement  of  the  face. 

Noma  is  most  frequent  between  the  ages  of  two  and  twelve;  it  is 
rarely  met  with  earlier  or  later.  It  attacks  weakly  or  debilitated  chil- 
dren, who  are  exposed  to  unhealthy  conditions  of  various  kinds. 

Suppurative  inflammation  of  the  mucous  membranes  of  the  mouth 
and  the  parts  underlying  should  be  distinguished  from  ulcerative  stoma- 
titis and  noma.  It  may  affect  any  part,  but  appears  most  commonly  in 
the  tongue  and  gums.  In  the  latter  it  frequently  arises  in  connection 
with  decayed  teeth.  The  gum  becomes  red  and  swollen  and  presently 
pus  forms  beneath  the  surface;  this  is  called  a  gum-boil  or  paruUs, 
Suppurative  inflammation  of  the  tongue  (glossitis)  starts  from  a  wound 
or  ulcer,  or  from  some  acute  inflammation  like  that  due  to  erysipelatous 
infection.  According  to  the  way  in  which  the  inflammation  starts,  the 
whole  tongue  or  a  limited  part  of  it  becomes  notably  swollen,  and  pres- 
ently appears  more  or  less  extensively  infiltrated  with  pus.  When  the 
abscess  so  produced  is  evacuated,  repair  is  effected  by  cicatrization. 

References  on  ulcerative  stomatitis  and  noma: — Bohn,  loc.  cit.;  voN  Bruns, 
Handb.  d.  operat.  Chir.  vol.  i.  part  2,  1859;  Hirsch,  Historisch-geograph.  Pa- 
thologic II.  1864;  Gierke,  Jahrb.f.  Kinderheilk.  (new  series)  I. 

435.  The  infective  granulomata  described  in  Arts.  117-135  are  all 
of  them  met  with  in  the  mucous  membrane  of  the  mouth. 

Syphilis  gives  rise  to  primary,  secondary,  and  tertiary  lesions. 
Primary  sores  within  the  mouth  resemble  those  of  the  skin  (Art.  391). 
As  secondary  affections  we  have  condylomata  or  mucous  patches  (Art. 
379)  on  the  lips  and  on  the  tongue,  and  also  thickened  opaline  patches 
covered  with  milky-looking  epithelial  deposits  and  described  as  syphilitic 
psoriasis  of  the  lips,  tongue,  or  cheek;  the  latter  resemble  the  superficial 
corrosions  caused  by  applying  nitrate  of  silver  to  the  mucous  membrane. 
Cracks,  fissures,  and  ulcers  due  to  syphilitic  infection  are  frequently  ob- 
served, especially  about  the  tongue.  In  the  tertiary  stage  gummata  are 
formed,  varying  in  size  from  that  of  a  pea  to  that  of  a  hazel-nut.  They 
especially  affect  the  tongue  and  are  seated  partly  in  the  mucous  mem- 
brane and  partly  in  the  muscular  structures.  When  they  break  down 
they  give  rise  to  deep  and  spreading  ulcerations.  If  the  ulcers  heal  the 
scars  are  usually  coarse  and  puckered.     Langei^beck  states  that  can- 
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cers  are  apt  to  develop  from  gummatous  nodes  and  scars  {Langenhec¥s 
Arch.  XXVI.). 

Lupus  often  extends  from  neighboring  part  to  the  mucous  membrane 
of  the  mouth,  and  causes  more  or  less  extensive  destruction  of  tissue 
(Art.  392). 

Tuberculosis  seldom  attacks  the  mouth,  but  when  it  does  it  is 
chiefly  the  tongue  which  is  affected.  Tubercles  are  developed  in  the 
mucous  membrane;  the  surrounding  tissues  become  infiltrated  and  pres- 
ently become  caseous  and  break  down.  When  such  a  caseous  patch 
breaks  through  the  surface  layers,  a  tuberculous  ulcer  is  produced.  The 
edges  and  base  of  the  tongue  are  favorite  seats.  The  floor  and  margins 
of  the  ulcers  are  hard  and  densely  infiltrated.  When  the  tuberculous 
disease  seizes  on  the  muscular  substance  the  greater  part  of  the  tongue 
may  become  studded  with  tubercles  and  infiltrated  with  granulation-cells. 

With  regard  to  leprosy  and  glanders  see  Arts.  131,  133,  392. 

Parasitic  affections. 

436.  The  oral  cavity  is  always  infested  by  a  multitude  of  vegetable 
microparasites,  which  gain  entrance  to  it  from  without  and  find  in  it 
a  fitting  soil  for  their  growth.  Moulds,  yeasts,  and  bacteria  are  all  met 
with;  of  the  latter  micrococci  and  sarcinae  occur  as  well  as  bacilli  and 
spirilla.  Most  of  these  fungi  have  no  pathological  significance;  they  are 
mere  saprophytes  subsisting  on  the  remains  of  food  and  the  dead  or  de- 
squamated epithelium  which  lie  decomposing  in  the  mouth.  Where 
cleanliness  is  not  observed  they  may  occasionally  set  up  putrefactive  de- 
composition and  so  cause  irritation  and  inflammation. 

Pathogenous  organisms,  however,  often  gain  access  to  the  mouth  as 
well  as  these  non-pathogenous  forms.  The  tuberculous  bacillus  is  con- 
stantly found  in  the  sputa  in  cases  of  tuberculous  phthisis,  and  in  this 
way  must  occasionally  lodge  in  the  tissues  of  the  mouth.  And  we  have 
already  pointed  out  that  tuberculosis  of  the  mouth  does  occur  (Art.  435). 
The  ray-fungus  or  Actinomyces  (Arts.  134-135)  attacks  the  tongue  and 
jaws,  producing  the  peculiar  affection  called  actinomycosis  (Fig.  174  B). 

By  way  of  a  correction  to  the  account  of  actinomycosis  given  in  the  first  vol- 
ume (Arts.  134  and  135)  we  may  here  note  that  though  Israel  was  the  first  to  ob- 
serve and  describe  the  ray -fungus  in  the  human  subject,  it  was  Ponfick  who 
first  recognized  the  true  nature  of  the  disease,  and  declared  it  {Berl.  klin.  Woch. 
1879,  Breslaii  drztl.  Zeitschr.  May  9,  1879)  to  be  identical  with  the  cattle-disease 
previously  described  by  Bollinger.  Ponfick  was  also  the  first  to  demonstrate 
the  genesis  of  the  disease  by  means  of  his  inoculation- experiments. 

Measles,  scarlatina,  erysipelas,  small-pox,  diphtheria,  etc.,  all  give 
rise  to  inflammatory  conditions  of  the  mouth ;  and  as  we  regard  these 
diseases  as  due  to  microparasites,  we  must  assume  that  the  corresponding 
pathogenous  organisms  gain  acess  to  the  tissues  of  the  mouth. 

Saccharomyces    albicans  (Reess),  muguet,   or  thrush-fungus  is  a 
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gpecial  parasite  of  the  mouth  ;  it  has  hitherto  generally  been  referred  to 
as  O'idium  albicans.  It  is  one  of  the  Blastomycetes  or  yeasts,  and  is' 
thierefore  akin  to  if  not  identical  with  Mycoderma  vitii  or  Saccharomyces 
cerevisim  (Art.  224),  As  it  occurs  in  the  mouth  it  assumes  the  form  of 
rounded  or  oval  glistening  cells  and  delicate  (ilaments.  Outside  the  body  it 
may  be  cultivated  in  sugary  or  starchy  li([uids,  and  then  produces  round 
or  oval  cells,  seldom  filaments.  When  it  grows  in  the  mouth  it  gives  rise  to 
minute  whitish  slightly  raised  specks  on  the  mucous  membrane.  These 
may  be  sparsely  scattered  or  aggregated  into  groups  on  the  inner  surface  of 
the  lips  and  on  the  tongue.  As  they  grow  and  multiply  they  coalesce  into 
whitish  or  discolored  films.     After  a  time  the  film  is  cast  off,  the  surface 


Fig.  174  B.    Nodule  containing  ACTINOMYCES  from  the  tongue  of  a  cow. 
{After  SIMS  WOODHEAD:.  Stained  with  Spiller's  blue:    X  300.) 


a,  central  core  (?  mycelium). 

6,  radiating  club-shaped  bodies  (?  conidia). 


c,  epithelioid  cells  in  the  granulomatous  nodule. 

d,  formative  cells  and  new  fibrous  tissue. 


beneath  appearing  red  and  sometimes  eroded.  The  thrush-film  may 
reappear  on  the  same  spot,  and  the  affection  may  advance  gradually  till  it 
reaches  the  pharynx  and  sometimes  even  the  oesophagus. 

The  fungus  grows  mainly  in  the  middle  layers  of  the  stratified  epithe- 
lium. The  upper  layers  are  thereby  raised  and  shed.  The  filaments  and 
spores  are  usually  thrust  between  the  cells,  though  sometimes  they  pene- 
trate the  cell-substance  and  multiply  within  it.  From  the  middle  layers 
the  fungus  may  penetrate  into  the  deeper  layers  and  ultimately  reach  the 
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fibrous  structures.  According  to  Wagner  and  Buhl  it  may  even  pene- 
trate the  blood-vessels.  As  it  grows  downwards  it  sets  up  inflammation 
in  the  deeper  tissues. 

Young  children  are  especially  liable  to  thrush.  The  fungus  may  de- 
velop in  the  perfectly  healthy  mucous  membrane  of  the  new-born  infant. 
Its  growth  is  favored  by  the  use  of  cows'  milk  and  starchy  foods,  and 
by  imperfect  cleansing  of  the  infant's  mouth.  Among  adults  it  is  nearly 
always  in  case  of  great  weakness  or  wasting  due  to  diseases  like  typhoid, 
septicaemia,  phthisis,  etc.,  that  thrush  makes  its  appearance. 

References:  Art.  224;  Reubold,  Virch.  Arch.  vol.  7;  Burckhardt,  Charife-An- 
nalen  xii.  (1864);  Grawitz,  Virch.  Arch.  vols.  70,  73;  Reess,  Phys.-med.  Gesell.  zu. 
Erlangen  1877-78;  Bohn,  loc.  cit.;  E.  Wagner,  Jahrb.  f.  Kinderheilk.  1868. 

Hypertrophy  and  Atrophy. 

437.  The  epithelium  of  the  mouth,  and  especially  that  of  the  tongue, 
is  continually  being  shed  and  continually  renewed  by  regenerative  multi- 
plication. Whenever,  as  in  catarrhal  affections,  the  growth  of  new 
epithelium  is  increased,  or  the  removal  of  the  desquamated  cells  is  im. 
peded,  whitish  accumulations  or  deposits  are  formed  on  the  surface  of  the 
mucous  membrane.  These  deposits  are  often  augmented  by  the  remains 
of  food,  and  by  rapidly-growing  fungous  parasites  which  settle  in  them, 
and  in  this  way  a  continuous  film  or  fur  is  produced.  This  may  assume 
the  most  various  tints  according  to  the  food  used,  and  if  the  mouth  be 
kept  open  may  dry  up  into  crusts  and  irregular  flakes  separated  by  cracks 
and  fissures. 

Under  long-continued  irritation,  such  as  is  caused  by  the  constant 
slight  friction  of  the  tobacco-pipe,  by  fungous  growths,  or  by  syphilis,  the 
oral  epithelium  may  pass  into  a  morbid  condition  resembling  cornification. 
White  streaks  and  patches  on  the  tongue  and  cheeks  are  thus  produced, 
which  have  received  very  various  names.  The  milky  opaline  patches 
{plaques  opalines)  of  syphilis  have  already  been  referred  to  (Art.  435). 
ScHWiMMER  proposes  the  name  of  lenkoplakia  for  the  non-syphilitic 
white  patches  which  sometimes  follow  upon  erythematous  inflammation. 
Others  speak  of  such  patches,  which  are  characterized  by  thickening^ 
cornification,  and  desquamation  of  the  epithelium,  as  lingual  psoriasis 
or  ichthyosis.  There  seems  some  ground  for  believing  that  leukoplakia 
is  in  certain  cases  at  least  a  precursor  of  epithelioma  of  the  tongue 
(HuLKE,  ISTeligan",  Barker).  Dessoir  describes  a  certain  dark  dis- 
coloration of  the  tongue  due  to  accumulations  of  spores,  dead  epithelium, 
and  accidental  impurities,  as  langue  7ioire  or  glossophytia.  A  hyper- 
plastic condition  of  the  epithelium,  in  which  hair-like  epithelial  processes 
rise  from  the  tips  of  the  lingual  papillae,  has  been  described  as  '  hairy 
tongue.' 

Hyperplasia  of  the  connective  tissue  of  the  oral  mucous  membrane 
and  the  adjoining  structures  is  due  either  to  some  chronic  inflammatory 
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process,  or  to  conditions  that  are  congenital  or  developed  in  early  in- 
fancy. 

Inflammatory  hyperplasia  is  most  commonly  met  with  in  connection 
with  the  gums.  It  gives  rise  to  circumscribed  tumor-like  thickenings, 
which  usually  retain  for  long  the  aspect  and  texture  of  granulation-tissue, 
and  may  therefore  be  described  as  granulomatous.  Chronic  inflamma- 
tion of  the  tongue  generally  leads  to  fibrous  induration  and  deformity, 
the  muscular  tissue  becoming  degenerate  and  atrophied. 

Congenital  and  infantile  hyperplasia  afEects  chiefly  the  lips  (macro- 
cheilia)  and  tongue  (macroglossia).  The  lips  may  be  so  thickened  as 
to  look  like  great  unwieldy  tumors  :  the  tongue  may  outgrow  the  capa- 
city of  the  mouth  to  hold  it,  and  it  may  thus  press  the  teeth  outwards 
and  protrude  from  the  mouth  {pi'olapsus  lingucB,  glossocele).  The  pro- 
truded part  is  usually  dried  up  and  fissured,  and  ulcers  form  at  the 
I^oints  where  it  is  in  contact  with  the  teeth.  In  the  congenital  form  the 
enlargement  is  seldom  very  great  at  birth,  but  it  rapidly  increases  in  the 
first  few  months  of  life.  The  affection  is  frequently  met  with  in  cretins 
and  idiots. 

The  enlargement  of  the  tongue  and  lips  is  due  either  to  an  overgrowth 
of  all  the  constituent  tissues  or  of  the  fibrous  tissue  only,  or  to  the  de- 
velopment of  neoplastic  tissue.  The  overgrowth  may  be  local  or  general : 
in  the  former  case  isolated  nodes  and  tuberosities  are  produced. 

In  the  fibrous  form  the  muscular  fibres  are  generally  diminished  in 
number  ;  the  fibrous  tissue  may  be  dense  and  firm  or  soft  and  cellular, 
and  it  is  here  and  there  infiltrated  with  leucocytes.  The  infiltration  is 
most  marked  when  the  protruded  portion  of  the  tongue  is  fissured  and 
ulcerated,  and  so  subject  to  intercurrent  inflammation.  The  lymphatics 
of  the  hyperplastic  fibrous  tissue  are  nearly  always  dilated  (Art.  438). 

Of  the  atrophies  and  degenerations  to  which  the  tissues  of  the  mouth 
are  liable  those  that  affect  the  tongue  are  the  only  ones  of  any  great  im- 
portance, and  of  these  the  most  striking  are  those  that  affect  its  muscular 
substance.  Simple  atrophy  (Art.  46),  fatty  degeneration  (Art.  50),  and 
waxy  degeneration  (Art.  38)  of  the  lingual  muscles  have  all  been  de- 
scribed. They  depend  on  local  disorders  of  nutrition  due  to  inflamma- 
tory conditions,  or  on  neurotic  disturbance  in  connection  with  disease  of 
the  hypoglossal  nerve  and  its  nucleus  in  the  medulla  oblongata. 

Among  the  degenerative  affections  of  the  fibrous  tissues  amyloid 
change  must  be  specially  mentioned.  It  attacks  the  intermuscular  fibrous 
tissue  as  well  as  that  of  the  mucous  membrane,  and  gives  rise  to  isolated 
nodes  or  nodules,  or  (in  the  tongue)  to  a  uniform  lardaceous  transforma- 
tion. The  muscles  and  mucous  glands  atrophy  and  disappear  when  sur- 
rounded by  the  amyloid  substance. 

Atrophy  of  the  gums  and  the  alveolar  parts  of  the  jaws  is  apt  to  follow 
npon  loss  of  the  teeth,  and  is  especially  notable  in  advanced  age. 

References  on  macroglossia  : — Arts.    ^15,  438  ;   vVeber,  Virch.  Arch.   vol.  7, 
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Pithau.  Billroth^ s  Handb.  d.  Chir.  vi.;  Virchow,  Die  Tcrankh.  GesehwiUste  in.; 
Arnstein,  Virch.  Arch.  vol.  54 ;  Humphry,  Med.  chir.  Trans,  xxxvi.  (1853j  y 
Arnott,  Trans.  Path.  Soc.  1873  ;  Maas,  Arch.  f.  klin.  Chir.  xni. ;  Wegner,  ihid. 
XX.;  Clarke,  Diseases  of  the  tongue  London  1873  ;  Variot,  Journ.  de  Vanat.  et 
de  la  physiol.  1880;  Poster,  Jahrb.  f.  Kinderheilk.  xviii.  (1882)  ;  Barker, 
Holmes's  Syst.  of  Surgery  n.  London  1888. 

On  hyperplasia  of  the  epithelium : — Clarke,  Practitioner  Aug.  1874,  Brit. 
Med.  Journ.  1,  1874  ;  Schwimmer,  Vierteljahrs.  f.  Derm.  u.  Syph.  v  (1878); 
VoGEL,  Ziemssen's  Cyclop,  vn. ;  Klebs,  Arch.  f.  exp.  Path,  v.;  Nedopil,  Arch, 
f.  klin.  Chir,  xx. ;  Hulke,  Trans.  Clin.  Soc.  1869  ;  Neligan,  Dublin  Quart.  J. 
Med.  Science  1862  ;  Debove,  Le  psoriasis  buccal  Paris  1873  ;  Mauriac,  De  la 
psoriasis  de  la  langue  et  de  la  muqueiise  buccale,  Union  med.  1873-74  ;  R.  Weir, 
Ichthyosis  of  the  tongue,  New  York  Med.  Journ.  March  1875  ;  Trelat,  Bull.  Soc. 
Chir.  1875  ;  Trans,  internal,  med.  congress  vol.  in.  London  1881  ;  Dessoir,  De  la 
langue  noire  Paris  1878  ;  Barker,  Holmes's  Syst.  of  Surgery  il.  1883. 

On  amyloid  change  see  Ziegler,  Virch.  Arch.  vol.  65. 


Tumors  and  Cysts. 

438.  The  most  important  of  the  tumors  affecting  the  mouth  in  the 
early  years  of  life  are  the  angiomata  and  lymphangiomata.  Augiomata 
are  met  with  chiefly  about  the  lips,  appearing  as  dark-red  or  livid  slightly- 
raised  patches.  Lymphangiomata  occur  in  or  about  the  tongue.  Some 
of  the  tissue-changes  included  under  the  name  of  macroglossia  are  due  to 
lymphangiomatous  growths. 

In  Art.  437  we  mentioned  that  the  hyperplastic  fibrous  tissues  in  the 
tongue  and  lips  generally  contain  dilated  lymphatics.  Cases  often  occur 
in  which  such  lymphatics  constitute  the  greater  part  of  the  substance  of 
the  tongue.  The  entire  tongue — muscles,  mucous  membrane,  and  pa- 
pillas — may  be  transformed  into  a  kind  of  fine-meshed  sponge  or  honey- 
comb. The  spaces  and  meshes  contain  lymph,  the  septa  between  consist 
of  delicate  fibrous  tissue  interspersed  with  a  few  scattered  muscular  fibres.: 
The  fibrous  tissue  may  or  may  not  be  highly  cellular.  In  the  former  case 
it  contains  patches  of  lymphadenoid  tissue  ;  the  neoplasm  is  then  in  fact 
a  combination  of  lymphangioma  and  lymphadenoma.  In  other  cases  the 
tissue  contains  an  extraordinary  amount  of  fat,  the  tumor  being  then 
most  fitly  described  as  lymphangio-lipoma.  The  dilated  lymph-spaces 
are  usually  small,  but  sometimes  they  become  distended  into  globular 
cysts,  from  the  size  of  a  pea  to  that  of  a  cherry  (cystic  hygroma). 

The  lymphangiomatous  growth  is  often  confined  to  the  tongue  proper, 
but  it  may  extend  to  the  neighboring  parts,  or  new  foci  may  appear  in 
the  tissues  of  the  root  of  the  tongue.  It  would  seem  that  the  largest 
cysts  are  met  with  in  the  latter  situation.  From  the  root  of  the  tongue 
the  growth  may  extend  in  various  directions,  occasionally  passing  down 
towards  the  pharynx  or  upwards  to  the  palatal  structures. 

Of  the  other  congenital  or  infantile  growths  within  the  mouth  we 
may  mention  theteratomata  (Arts.  13,  178).    Lipoma,  fibroma,  myxoma,. 
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and  sarcoma  also  occur;  they  form  tumors  which  vary  mucli  in  size  and 
seat. 

Of  the  tumors  which  develop  in  later  life  sarcoma  and  carcinoma 
are  the  most  notable.  Sarcoma  mainly  affects  the  gums  (sarcomatous 
epulis),  and  as  a  rule  starts  in  the  deeper-lying  structures  like  the  peri- 
osteum or  bone-marrow.  It  forms  rounded  tuberous  growths,  usually 
somewhat  firm  in  consistence.  When  it  starts  in  bone  it  contains  bony 
trabeculoB  in  its  substance  (osteo-sarcoma.  Art.  165),  or  sometimes  giant- 
cells  (myeloid  sarcoma.  Art.  159). 

Carcinoma  (in  the  form  of  epithelioma)  attacks  the  lips,  tongue, 
and  gums.  It  begins  as  a  small  nodule,  or  a  circumscribed  hard  grayish 
infiltration  of  the  mucous  membrane.  Presently  this  becomes  a  palpable 
node  projecting  above  the  surface.  The  infiltrated  tissue  ulcerates,  and 
around  the  ulcer  the  cancerous  infiltration  spreads  more  or  less  rapidly. 
If  the  diseased  tissue  is  not  removed,  the  cancerous  ulcer  may  reach  an 
astonishing  size,  especially  in  the  case  of  the  tongue  and  the  gums.  Ade- 
noma of  the  mucous  glands  is  a  rarer  form  of  tumor;  it  gives  rise  to 
circumscribed  nodular  growths. 

References  on  lymphangioma  of  the  mouth  : — Art.  437  ;  Billroth,  Beitrdge 
.>.  path.  Histologic  Berlin  1858  ;  Virchow,  Virch.  Arch.  vol.  7  ;  Maas,  Arch.  f. 
klin.  Chir.  xni.;  voN  Winiwarter,  Arch.  f.  Idin.  Chir.  xvi.;  Gies,  ibid.  xv.  ; 
Wegner,  ihid.  xx.;  Arnstein,  Virch.  Arch.  vol.  54. 

On  lipoma  of  the  tongue  see  Weber  {Pitha  u.  Billroth's  Handb.  d.  Chir.  vi.), 
(xOSSELiN  {Paris  medical  20,  1881).  On  epithelioma  see  Barker  (Holmes's  Syst.  of 
Surgery  u.  London  1883). 

439.  As  we  pointed  out  in  article  433,  when  the  mucous  glands  are 
chronically  inflamed  they  may  become  distended  with  accumulated  secre- 
tion, and  thus  form  small  cysts  of  retention.  Dilated  lymphatics  may 
likewise  give  rise  to  cysts,  known  as  cystic  hygi'omata  (Art.  438).  In  ad- 
dition to  these  varieties  there  are  a  number  of  other  cystic  structures, 
which  occur  in  the  mouth  in  various  situations,  more  especially  in  or 
around  the  frsenum  of  the  tongue.  These  are  referred  to  as  cases  of 
ranuia,  and  have  long  been  objects  of  considerable  surgical  interest. 
Notwithstanding  this  the  manner  in  which  they  arise  has  only  recently 
received  a  satisfactory  explanation.  Vojsr  Recklinghausen'  has  shown 
by  careful  anatomical  investigations  that  the  true  or  classical  ranuia  is  in 
fact  a  cystic  dilatation  of  one  of  the  main  ducts  of  the  glands  of  Nuhn 
and  Blandin,  two  small  mucous  glands  situated  beneath  the  tip  of  the 
tongue.  The  duct  is  obstructed  prohiably  by  inflammatory  changes  either 
within  or  around  it,  and  the  part  behind  the  obstruction  (which  need 
not  be  complete)  becomes  distended  with  the  secretion  poured  out  by  the 
gland-cells. 

The  contents  of  the  ranuia  consist  of  a  clear  viscid  or  ropy  mucous 
liquid^  resembling  the  white  of  an  egg;  it  may  be  quite  colorless  or  stained 
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pale  yellow  or  brown  or  pink.  It  contains  no  saliva.  The  cyst  itself  is 
usually  globular  or  ovoid  and  lies  close  by  the  fraenum. 

Besides  this  form  of  ranula  (the  typical  form),  there  are  other  cysts 
which  are  loosely  classed  with  it.  Wharton's  duct,  leading  from  the 
submaxillary  gland,  may  be  distended  into  a  cyst.  The  cyst  in  this  case 
is  usually  fusiform  or  cylindrical,  though  at  times  it  becomes  more  dis- 
tinctly globular.  The  occlusion  of  the  duct  is  in  general  due  to  inflam- 
mation or  to  the  formation  of  salivary  concretions  or  calculi. 

The  ducts  of  the  sublingual  glands  (ducts  of  Eivini  and  Bartholin) 
may  also  become  distended  into  cysts  lying  beneath  the  tongue;  and  der- 
moid cysts  are  met  with  in  the  same  situation.  According  to  Eoser 
congenital  cysts  of  the  neck  (Art.  8)  may  be  displaced  inwards  so  as  to 
lie  beneath  the  tongue,  and  sometimes  simulate  ranulae.  They  often 
contain  sebaceous  matters. 

Cysts  occur  in  other  situations,  but  much  less  frequently.  Thus  they 
are  found  at  times  in  the  muscular  substance  of  the  tongue  and  in  the 
mucous  membrane  of  its  base.  Such  cysts  are  usually  small,  but  now 
and  then  they  attain  a  very  considerable  size  (Bochdalek,  Lotzbeck, 
Hammerich).  They  are  due  to  the  dilatation  of  the  glands  that  occur 
at  the  base  and  around  the  root  of  the  tongue. 

The  mucous  glands  of  the  lips  may  in  like  manner  be  transformed 
into  cysts,  which  vary  from  the  size  of  a  pea  to  that  of  a  hazel-nut. 

The  origin  of  ranula,  as  we  have  said,  has  been  recently  investigated  with 
great  care  by  von  Recklinghausen  {Virch.  Arch.  vol.  84).  He  reviews  critically 
the  various  observations  and  theories  already  published,  and  describes  the  results 
of  his  own  work  on  the  subject.  The  classical  ranula  he  proves  to  be  due  to  the  di- 
latation of  the  duct  of  the  mucous  glands  at  the  tip  of  the  tongue.  He  rejects  the 
suggestion  of  Fleischiviann  that  it  originates  from  a  mucous  bursa  lying  on  the 
surface  of  the  genio-glossus  muscle.  This  bursa  has  been  sought  for  in  vain  by 
various  investigators  ;  and  moreover  the  true  ranula  always  possesses  a  well-de- 
veloped cylindrical  epithelium. 

Bochdalek  {Oesterr.  Zeitschr.  f.  praJc.  Heilk.  xn.  1866),  Lotzbeck  {Memora- 
bilien  xv.  1870),  and  Hammerich,  Ueb.  Schleimcysten  d.  Zungenwurzel  Wiirzburg 
1877)  have  written  on  the  cysts  that  are  found  at  the  base  of  the  tongue.  Accord- 
ing to  ViRCHOW,  Reubold,  Bohn  {Die  Mundkrankh.  d.  Kinder  Leipzig  1866), 
Denis,  Billard,  and  others,  in  most  infants  the  mucous  membrane  of  the  palate 
(in  the  neighborhood  of  the  raphe  and  anteriorly)  is  more  or  less  beset  with  white 
miliary  nodules  of  various  sizes.  They  are  developed  in  the  second  half  of  f  cetal 
life,  and  are  due  to  an  accumulation  of  epithelial  cells  in  the  mucous  glands  of 
the  hard  palate.  They  may  fairly  be  described  as  milium  or  comedones  of  the 
mucous  membrane  (Art.  404). 

Changes  affecting  the  teeth. 

440.  By  far  the  most  important  morbid  change  affecting  the  teeth  is 
that  known  as  caries,  a  gradually  progressive  disintegration  of  the 
enamel  and  dentine. 

First  of  all  an  opaque  white  spot  (which  may  sometimes  be  discolored 
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green  or  black)  appears  on  the  transparent  enamel.  Here  tlie  prisms  of 
the  enamel  are  loosened  and  to  some  extent  broken  down.  Then  by  de- 
grees the  dentine  is  attacked,  and  once  attacked  it  usually  disintegrates 
very  rapidly.  Decalcification  of  the  dental  tissue  precedes  the  carious 
disintegration. 

In  the  advancing  margin  of  the  diseased  area  the  tubules  of  the  dentine 
appear  to  be  widened  (Klebs,  Leber,  and  Kottenstein)  and  sur- 
rounded by  bright  rings.  Presently  the  tubules  are  seen  to  contain  a 
granular  mass,  which  turns  blue  when  treated  with  iodine  and  increases 
in  bulk  at  the  expense  of  the  bright  rings.  This  mass  is  found  to  consist 
of  micrococci  and  bacilli.  According  to  Klebs  it  is  they  that  are  the 
destroyers  of  the  dental  tissue,  inasmuch  as  they  have  the  power  of  decalci- 
fying it.  They  are  enabled  to  penetrate  the  substance  of  the  teeth  by  the 
accidental  formation  of  cracks  or  flaws  in  the  enamel. 

Klebs  has  also  shown  that  the  mortar-like  '  tartar  '  which  often  covers 
the  teeth  contains  multitudes  of  micrococci  and  bacilli  mingled  with  cal- 
careous particles.  He  maintains  that  the  organisms  are  able  to  precipitate 
calcium-salts  from  the  nutrient  materials  they  assimilate. 

A  very  common  result  of  caries  is  inflammation  of  the  pulp  or  of  the 
alveolar  periosteum.  The  irritants  which  directly  induce  it  are  perhaps 
the  bacteria  which  are  present  in  the  disintegrated  dental  substance,  and 
set  up  septic  decomposition  around  them. 

The  inflammation  of  the  pulp  and  periosteum  may  pass  into  suppura- 
tion. In  this  case  the  surface  of  the  gum  in  the  neighborhood  of  the  dis- 
eased tooth  is  red  and  swollen  (gum-boil  or  imrulis),  and  presently 
suppuration  sets  in  and  extends  to  the  deeper  tissue  of  the  gum,  forming 
an  alveolar  abscess.  This  breaks  externally,  and  if  the  suppurative 
process  around  the  root  of  the  tooth  continues,  we  may  have  formed  an 
alveolar  sinus  or  fistula. 

Sometimes  the  inflammation  extends  beyond  the  region  of  the  root 
of  the  tooth  and  gives  rise  to  an  extensive  periostitis  of  the  jaw.  In  this 
way  large  abscesses  are  sometimes  formed,  and  necrosis  of  a  portion  of 
the  Jaw-bone  may  result. 

References  on  dental  caries : — Klenke,  Die  Verderbniss  der  Zahne  Leipzig 
1850  ;  Neumann,  Arch.  f.  klin.  Chir.  vi. ;  Leber  and  Rottenstein,  Untersuch.  iib. 
d.  Caries  d.  Zahne  Berlin  1867  ;  Wedl,  Pathologie  d.  Zdhne  Leipzig  1870  ;  Klebs, 
Arch.  f.  exp.  Path,  v.,  Article  Leptothrix  buccalis  in  Realencyclop.  d.  gesammten 
Heilkunde ;  Coleman,  Dental  surgery  and  pathology  hondon  1881;  Discussion, 
Trails,  internat.  vied,  congress  ni.  London  1881. 

According  to  Miller  [Cent.  f.  d.  med.  Wiss.  13, 1888,  Arch.  f.  exp.  Path,  xvi.) 
the  bacteria  present  in  the  mouth  set  up  acid  fermentations,  and  the  acid  pro- 
duced decalcifies  the  dental  tissues.  Thereupon  micrococci  and  bacilli  penetrate 
the  dentine  and  set  up  putrefactive  decomposition  in  the  decalcified  tissue. 

441.  Tumors  arising  from  or  connected  with  the  teeth  are  of  two 
chief  kinds.     The  one  is   spoken  of  as  dental  osteoma,  the  other  as 
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odontoma.  Dental  osteoma  or  exostosis  consists  of  a  diffuse  or  some- 
what circumscribed  thickening  of  the  crusta  petrosa  or  cement;  and 
ought  indeed  scarcely  to  be  reckoned  among  the  tumors,  as  it  is  rather 
of  the  nature  of  an  inflammatory  hyperplasia.  Very  few  cases  of  true 
odontoma  liave  been  described.  So  far  as  can  be  made  out  the  small 
tumors  so  named  (composed  of  dentine  and  enamel)  arise  from  the  pulp 
of  the  tooth  in  the  early  stages  of  its  growth.  Odontoma  cannot  be 
developed  when  the  tooth  is  mature. 

Fibroma,  myxoma,  and  sarcoma  may  in  rare  cases  be  developed  from 
the  pulp  as  the  tooth  is  being  formed.  Such  growths  are  however  much 
more  commonly  derived  from  the  periosteum  of  the  dental  follicle,  the 
alveolar  process  of  the  jaw,  the  bone-marrow,  or  the  gum  itself.  These 
tumors,  which  arise  close  to  the  teeth  or  actually  from  their  sockets,  are 
included  under  the  surgical  term  epulis.  Some  of  them  start  in  inflam- 
matory granulation-tissue,  but  most  are  really  sarcomatous  (Art.  438). 

Cysts  of  the  jaws  may  be  produced  by  the  morbid  dilatation  of  the 
dental  follicles.  The  cysts  are  seated  on  the  alveolar  ridge,  and  some- 
times reach  a  very  large  size,  some  as  large  as  an  apple  and  larger  having 
been  described.  Their  contents  are  liquid,  and  occasionally  rudimen- 
tary teeth  are  found  in  them  (dentlgeroas  cysts). 

References: — Virchow,  Die  krankhaften  Geschwulste  ii.  (1864-65);  Magitot, 
Memoire  sur  les  kystes  des  mdchoires  Paris  1872;  Uskopf,  Odontom  d.  Unterkie- 
fers,  Virch.  Arch.  vol.  85;  Salter,  Holmes's  Syst.  of  Surgery  ii.  London  1883; 
Eve,  Brit.  Med.  Journ.  1,  1883. 

Hutchinson  (Land.  Hosp.  Rep.  ii.,  1865;  Trans.  Path.  Soc.  1858-59,  and 
Clinical  Surgery  xi.  London  1878)  has  pointed  out  that  the  permanent  incisors, 
and  especially  the  upper  central  incisors,  of  cliildren  suffering  from  congenital 
syphilis  often  undergo  a  peculiar  arrest  of  development.  They  are  either  alto- 
gether stunted,  or  as  they  emerge  from  the  gum  their  sides  instead  of  being 
parallel  converge,  while  the  cutting  edge  is  concave.  After  a  time,  the  dentine 
being  exposed,  the  cutting  edge  becomes  deeply  notched;  and  when  the  tooth  is 
full-grown  it  appears  pointed  or  peg-shaped,  with  the  crescentic  notch  truncating 
its  apex,  so  to  speak.  The  cause  of  this  deformity  is  said  to  be  a  specific  alveolar 
stomatitis  during  infancy  (Baumler,  Ziemssen's  Cyclop,  in.). 


CHAPTER  L. 

THE  THROAT. 

442.  The  mucous  membrane  of  the  throat  (including  in  the  term  the 
soft  palate,  tonsils,  and  pharnyx)  resembles  that  of  the  mouth  in  struc- 
ture; it  contains,  however,  a  large  amount  of  lymphadenoid  tissue,  which 
at  various  points  is  aggregated  into  nodules  or  follicles.  In  the  tonsils 
especially  this  tissue  is  very  abundant.  According  to  Stohr  {Biolog. 
CentralblctU  1882)  lymphoid  cells  are  continually  migrating  from  the 
lymphadenoid  tissue  to  the  free  surface. 

The  disorders  of  the  back  of  the  mouth  and  pharynx  correspond  with 
those  of  the  mouth  generally,  and  many  of  them  are  indeed  but  partial 
manifestations  or  results  of  the  latter.  Certain  forms  of  inflammation 
imd  certain  new  growths  are  however  confined  to  the  soft  palate,  tonsils, 
and  pharynx,  or  at  least  produce  in  them  their  most  characteristic  symp- 
toms. 

Inflammation  of  the  throat  (referred  to  generally  as  angina  or 
pharyngitis)  may  be  due  to  local  irritation,  or  to  some  general  affection 
like  measles,  scarlatina,  or  small-pox.  The  catarrhal  varieties  give  rise 
to  redness  and  swelling,  which  may  be  diffused  or  disposed  in  irregular 
streaks  and  patches.  The  mucous  membrane  at  the  same  time  pours  out 
a  slimy  or  purulent  secretion,  which  often  forms  a  film  or  coating  on  the 
surface.  In  some  of  the  inflammatory  affections  (such  as  that  which  ac- 
companies small-pox  or  herpes  labialis)  vesicles  are  formed;  these  speed- 
ily rupture,  and  leave  small  erosions  of  the  surface  {angina  vesiculosa). 
Often  too,  especially  in  children,  the  inflamed  membrane  is  beset  or  over- 
laid with  white  patches  of  thrush  (Art.  436).  The  lymphadenoid  follicles 
are  sometimes  the  parts  chiefly  affected.  The  solitary  follicles  of  the 
pharynx  and  the  serous  glands  at  the  back  of  the  tongue  swell  up  and 
project  above  the  surface,  and  the  tonsils  are  likewise  enlarged  {angina 
tonsillaris).  If  the  swollen  follicles  break  down  small  erosions  or  ulcers 
may  be  left  (follicular  ulceration).  In  chronic  catarrhal  conditions  these 
changes  in  the  follicles  and  tonsils  may  become  very  marked  angina  or 
'pharyngitis  granulosa).  At  the  same  time  the  mucous  membrane,  espe- 
cially that  of  the  uvula,  becomes  thickened;  and  the  mucous  glands  be- 
come hypertrophied  or  distended,  and  project  above  the  surface  like  small 
granulations.     Accumulations  of  shed  epithelium  and  pus-corpuscles  col- 
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lect  in  the  crypts  of  the  enlarged  tonsils,  forming  gray  or  yellowish  plugs 
which  occasionally  become  calcified.  The  tonsils  may  also  become  per. 
manently  enlarged  as  a  result  of  chronic  or  often-repeated  inflammation; 
in  other  cases  they  become  atrophied  or  shrunken.  When  they  are  en- 
larged the  chief  seat  of  hyperplasia  is  the  lymphadenoid  tissue,  which 
appears  more  diffused  and  less  markedly  aggregated  into  follicles  than  is 
normal.  When  they  shrink  it  is  the  lymphadenoid  tissue  which  disap- 
pears, its  place  being  partly  taken  by  ordinary  fibrous  tissue.  Inflamma- 
tion of  the  tonsils  is  apt  to  issue  in  the  formation  of  small  tonsillar 
abscesses,  which  break  through  the  surface  and  evacuate  their  contents. 
The  site  of  such  an  abscess  is  af terwa  rds  marked  by  a  cicatrix. 

443.  One  of  the  most  important  forms  of  inflammation  to  whicl^  the 
throat  is  liable  is  the  diphtheritic  inflammation,  most  familiarly 
known  in  connection  with  diphtheria. 

As  we  have  have  already  seen  (Arts.  434-436),  diphtheritic  inflamma- 
tion of  a  mucous  membrane  is  associated  with  the  necrosis  of  the  epi- 
thelial layers  only  (superficial  form),  or  of  the  epithelial  and  fibrous 
layers  together  (parenchymatous  form). 

In  the  pharynx  the  process  begins  with  the  formation  of  small  round 
grayish  filmy  patches  on  a  red  and  swollen  base.  The  grayish  film  is  at 
first  thin  and  soft,  but  presently  it  becomes  thicker  and  more  yellowish, 
or  if  hsemorrhage  takes  place  it  becomes  brown  or  black.  The  patches 
are  sometimes  few  and  isolated,  or  numerous  and  confluent,  in  which 
case  they  often  form  large  dense  masses  or  false  membranes.  At  first 
these  patches  or  masses  are  closely  adherent  to  the  underlying  tissue, 
afterwards  they  are  loosened  and  can  readily  be  removed  or  are  cast  off 
spontaneously.  Often  the  underlying  surface  of  the  mucous  membrane 
appears  to  be  intact;  it  is  reddened  but  there  is  no  perceptible  loss  of 
substance:  this  is  the  case  in  superficial  .diphtheritis.  In  other  cases  a 
visible  erosion  or  ulcer  remains  when  the  false  membrane  is  removed: 
this  indicates  deep  or  parenchymatous  diphtheritis.  The  floor  of  the 
nicer  is  red  or  dirty  gray,  the  latter  showing  that  the  necrotic  inflammation 
has  extended  still  deeper  into  the  mucous  membrane. 

The  seat  of  the  diphtheritic  patches  varies  much  in  different  cases,  as 
may  be  observed  in  the  living  patient  as  well  aspost  mortem.  Sometimes 
the  tonsils  are  the  parts  most  affected,  in  other  cases  the  palate  and  uvula, 
and  often  enough  the  epiglottis  and  the  entrance  to  the  larynx. 

In  addition  to  the  formation  of  these  patches  there  is  always  a  certain 
amount  of  oedematous  swelling  of  the  tissues,  which  in  the  case  of  the 
tonsils  and  the  parts  around  the  glottis  frequently  becomes  extremely 
marked. 

If  the  patient  survives  repair  takes  place  by  the  extrusion  of  the  false 
membranes,  regeneration  of  the  necrosed  parts,  and  re-absorption  of  the 
exudation.  If  the  necrosis  has  extended  deeply  cicatrices  may  be 
formed.     Now  and  then  the  affection  takes  a  more  dangerous  turn. 
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gangrene  setting  in  and  causing  very  rapid  and  extensive  destruction  of 
tlie  tissues. 

A  certain  amount  of  croupous  exudation  very  often  accompanies  the 
development  of  the  diphtheritic  membranes.  Some  of  the  gray  or  yel- 
lowish patches  may  consist  simply  of  coagulated  exudation,  such  as 
characterizes  simple  croupous  inflammation.  These  patches  are  apt  to 
be  formed  at  spots  where  the  epithelium  has  been  stripped  off. 

444.  Pharyngeal  diphtheritis  may  be  the  result  of  various  noxious 
agencies.  It  can  be  produced  in  animals  by  the  action  of  certain  corro- 
sive substances  properly  applied  to  the  mucous  membrane.  In  man  it  is 
most  commonly  observed  in  connection  with  various  infective  diseases, 
such  as  scarlatina,  measles,  typhoid,  small-pox,  and  diphtheria.  It  is 
the  characteristic  symptom  of  the  latter. 

Diphtheria  is  an  infective  disease,  met  with  chiefly  in  children. 
The  virus  enters  the  system  usually  by  the  mucous  membrane  of  the 
pharynx,  and  it  first  of  all  sets  up  local  inflammatory  changes  there. 
The  changes  may  be  simply  of  the  nature  of  catarrh,  or  they  may  be 
more  intense  and  more  dangerous.  In  by  far  the  greater  number  of 
cases  the  various  processes  of  diphtheritic  inflammation  are  induced. 
But  in  many  instances  the  epithelium  is  simply  shed,  and  circumscribed 
yellowish  typically  croupous  false  membranes  are  formed  from  the  coagu- 
lated fibrinous  exudation.  Gangrene  is  a  rarer  complication.  The 
mucous  membrane  of  the  respiratory  organs — larynx,  trachea,  and  bron- 
chi— is  usually  affected  at  the  same  time  as  that  of  the  throat.  Where 
the  epithelium  is  cylindrical  the  inflammation  is  generally  of  the  croup- 
ous type. 

It  seems  now  highly  probable  that  diphtheria  is  due  to  an  invasion  of 
micrococci.  When  the  affected  epithelia  are  examined  in  the  early 
stages  of  the  disorder,  we  find  in  and  upon  the  inflamed  spots  heaps  and 
clusters  of  micrococci  (Fig.  170  g  and  Fig.  171  a)  such  as  do  not 
normally  occur  in  the  mouth  or  throat.  These  are  regarded  as  the  virus 
of  the  disease,  and  they  are  supposed  to  affect  the  system  in  general 
through  the  vessels  of  the  pharynx. 

We  have  not  here  space  to  describe  in  detail  the  various  controversies  that 
have  arisen  as  to  the  nature  of  the  virus  of  diphtheria.  The  most  important 
references  have  been  given  in  Art.  204.  Hetjbner  recently  investigated  the  sub- 
ject of  scarlatinal  diphtheritis  {Jalirbuch  der  Kinderlieilk.  new  series  xiv.)  and 
compared  it  with  the  diphtherial  affection.  He  regarded  the  pathological  pro- 
cesses in  the  two  cases  to  be  different,  as  judged  both  by  the  naked-eye  appear- 
ances and  by  the  character  of  the  histological  changes.  Ziegleb  is  however 
quite  unable  to  agree  with  him  in  this  point :  the  poison  of  scarlatina  may  induce 
in  the  fauces  exactly  the  same  histological  changes  as  those  which  are  charac- 
teristic of  diphtheria.  In  a  still  more  recent  and  very  suggestive  paper  {Die  ex- 
perimentelle  Diphtherie  Leipzig  1883)  Heubner  seems  to  have  now  arrived  at  a 
like  conclusion.  He  indeed  affirms  that  localized  diphtheritic  inflammation  of  a 
mucous  membrane  may  be  set  up  without  micrococci,  and  then  the  inoculation 
of  any  kind  of  micrococci  may  suflfice  to  induce  the  general  disease. 
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445.  Phlegmonous  inflammations  and  abscesses  are  more  common 
in  the  fauces  and  tonsils  than  in  the  mouth  itself.  They  begiii  with 
intense  redness  and  swelling  of  the  affected  parts.  The  exudations  and 
pus  collect  in  the  loose  meshes  of  the  submucosa,  giving  rise  to  abscesses 
of  various  sizes,  which  at  length  break  through  the  mucous  membrane. 
The  commonest  causes  of  such  suppurative  inflammations  are  mechanical 
injury  followed  by  some  septic  infection,  and  glanders,  syphilis,  anthrax, 
etc.  Retropharyngeal  abscesses  are  occasionally  due  to  caries  of  the 
cervical  vertebrae.  Abscesses  about  the  throat  are  dangerous  inasmuch 
as  they  may  lead  to  the  erosion  and  rupture  of  blood-vessels,  or  may 
directly  or  indirectly  involve  the  entrance  to  the  larynx.  This  last  acci- 
dent is  generally  brought  about  by  the  induction  of  oedema  in  the  mucosa 
or  submucosa  of  the  glottis,  which  often  accompanies  the  formation 
of  an  abscess  in  the  neighboring  parts. 

In  rare  cases  phlegmonous  inflammation  may  issue  in  gangrene. 
Dark  and  discolored  patches  are  formed,  which  rapidly  extend  and  dis- 
integrate. Gangrene  is  most  commonly  observed  in  connection  with 
small-pox,  typhoid,  dysentery,  and  diphtheria. 

446.  The  syphilitic  affections  of  the  throat  resemble  those  of  the 
mouth.  Simple  catarrhal  inflammation,  the  formation  of  granuloma- 
tous foci  or  gummata,  ulceration,  and  scarring,  are  all  met  with.  Scar- 
ring may  give  rise  to  very  considerable  distortion  and  deformity  of  the 
parts. 

Tubercle  and  tuberculous  ulceration  occur  chiefly  in  the  larynx. 
The  surrounding  tissues  are  sometimes  markedly  oedematous.  The 
tonsils  are  not  infrequently  attacked  by  tuberculosis. 

Lupus  is  most  apt  to  affect  the  soft  palate;  it  is  rare  in  other  parts, 
such  as  the  larynx.  The  infiltrated  tissue  breaks  down  and  large 
unsightly  ulcers  are  produced,  Lupus  of  the  face  generally  accompanies 
the  affection  of  the  mucous  membrane. 

Papillary  growths  and  mucous  polypi  sometimes  occur  around  the 
uvula  and  the  border  of  the  soft  palate,  but  they  are  not  very  common. 
Cysts  of  retention,  of  small  size,  now  and  then  arise  from  dilatation  of 
the  mucous  glands. 

Tumors  are  rare  in  the  region  of  the  throat,  but  both  connective- 
tissue  and  epithelial  growths  are  occasionally  met  with. 


CHAPTER  LI. 

THE  SALIVARY  GLANDS. 

447.  The  salivary  glands  are  racemose  glands  whose  secretion  is  dis- 
charged into  the  oral  cavity.  The  chief  disorders  to  which  they  are  lia- 
ble are  those  due  to  inflammations,  and  to  the  growth  of  tumors. 

Mumps  or  epidemic  parotitis  is  an  infective  inflammatory  swelling 
of  the  parotid  gland.  The  submaxillary  and  sublingual  glands  may  be 
affected  at  the  same  time.  The  glands  and  the  overlying  tissues  are 
much  enlarged,  and  feel  doughy  to  the  touch. 

Similar  swellings  occur  as  secondary  symptoms  in  connection  with 
certain  infective  disorders  like  typhoid,  cholera,  pyaemia,  syphilis,  diph- 
theria, etc. 

The  swelling  is  due  to  inflammatory  serous  and  cellular  infiltration  of 
the  iuteralveolar  fibrous  tissue  of  the  glands.  It  issues  either  in  resolu- 
tion, or  in  fibroid  induration,  or  in  suppuration  and  abscess.  Sometimes 
gangrene  supervenes. 

Angina  Ludovici  is  an  acute  phlegmonous  inflammation  of  the  tissue 
surrounding  the  submaxillary  gland,  resulting  often  in  suppuration  or 
gangrene. 

Milder  forms  of  inflammation  are  also  met  with  in  connection  with 
disorder  of  the  salivary  glands,  resulting  from  mechanical  injury  or  re- 
tention of  their  secretion  or  from  other  causes  not  easy  to  determine. 
When  chronic  they  lead  to  fibrous  hyperplasia,  while  the  gland-substance 
often  becomes  atrophied.  If  the  duct  becomes  involved  in  a  contracting 
cicatrix  it  may  be  obstructed  or  altogether  occluded. 

448.  A  salivary  fistula  is  an  opening  or  channel  connecting  a  sali- 
vary duct  with  the  surface  of  the  mucous  membrane  or  the  skin.  It 
results  either  from  a  wound,  or  from  some  suppurative  inflammation 
leading  to  perforation. 

"When  a  salivary  duct  is  obstructed  or  occluded  the  smaller  ducts  be- 
hind the  obstruction  become  dilated  by  the  retained  secretion.  These 
dilated  ducts  are  either  cylindrical  or  sausage-shaped,  or  fusiform,  or 
even  pear-shaped.  As  the  accumulation  goes  on  the  ducts  and  the  lumen 
of  the  gland  become  distended  into  globular  cysts,  often  of  very  consider- 
able size. 

The  cysts  produced  by  dilatation  of  the  submaxillary  and  sublingual 
ducts  protrude  from  beneath  the  tongue,  and  are  often  spoken  of  as 
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ranulae,  like  those  which  arise  from  dilatation  of  the  mucous  glands  of 
the  tip  of  the  tongue  (Art.  439). 

Salivary  calculi  are  stony  concretions  which  form  occasionally  in 
Stenson's  and  Wharton's  ducts.  They  consist  of  calcium  phosphate  and 
carbonate.  Sometimes  they  enclose  foreign  matters  which  have  accident- 
ally gained  access  to  the  ducts.  According  to  Klebs  they  also  contain 
fungi,  and  these  he  regards  as  the  active  factors  in  bringing  about  the 
precipitation  of  the  calcium  salts. 

Tumors  both  of  the  connective-tissue  and  the  epithelial  types  are 
met  with  in  the  salivary  glands.  Of  the  former  class  fibroma,  sarcoma, 
enchondroma,  and  myxoma,  may  be  mentioned.  They  usually  give  rise 
to  definite  nodes  or  nodules,  and  sometimes  include  cystic  cavities  (cys- 
tic sarcoma).  Carcinoma  usually  begins  as  an  isolated  nodule,  which 
extends  so  as  to  involve  the  whole  gland,  and  then  invades  the  surround- 
ing tissues.  Ulceration  and  gangrene  now  and  then  supervene.  These 
neoplasms  are  very  apt  to  exhibit  a  mixed  type  of  structure,  especially 
those  of  the  parotid  gland.  Thus  cartilaginous,  mucoid,  sarcomatous, 
and  fibroid  elements  may  all  occur  within  the  same  tumor.  Sometimes 
the  peculiar  hyaline  formations  characteristic  of  cylindroma  (Art.  163) 
are  met  with.  Combinations  of  carcinoma  with  sarcoma  or  enchondroma 
are  not  uncommon. 


CHAPTER  LII. 

THE   CESOPHAGUS. 

449.  The  most  important  of  the  deformities  to  which  the  oesophagus 
is  liable  is  stenosis  or  narrowing  of  its  calibre.  Five  varieties  of  steno- 
sis have  been  distinguished  (Zenker,  von"  Ziemssen)  according  as  it  is 
due  to  congenital  malformation,  compression,  obstruction,  stricture,  or 
spasmodic  contraction. 

The  oesophagus  is  wholly  absent  only  in  foetuses  which  are  very  gravely 
malformed.  Even  a  partial  obliteration  is  rare  when  the  foetus  is  at  all 
well-developed. 

Simple  congenital  stenosis  occurs  both  at  the  upper  and  at  the  lower 
end  of  the  tube  and  may  be  simply  annular  or  may  extend  over  some 
small  distance.     Both  varieties  are  rare. 

Stenosis  by  compression  is  generally  due  to  the  pressure  of  enlarged 
scrofulous  glands  in  the  neck  or  mediastinum,  mediastinal  sarcoma,  aor- 
tic aneurysm,  etc.  It  produces  grave  functional  difficulty  only  when  the 
tube  is  in  a  manner  encircled  by  the  growth,  so  that  there  is  no  direc- 
tion in  which  it  can  yield. 

Stenosis  by  obstruction  occurs  when  foreign  bodies  become  wedged 
in  the  tube.  The  thrush-fungus  may  grow  and  multiply  in  the  oesopha- 
gus to  such  an  extent  as  occasionally  to  block  up  or  seriously  to  narrow 
the  passage.  Polypous  tumors  growing  from  the  mucous  membrane  may 
have  a  like  effect,  but  very  rarely.  Cancerous  growths  are  much  more 
apt  to  be  the  cause  of  obstruction. 

Strictures  are  due  to  the  contraction  of  cicatrices  or  to  cancerous 
change.  Cicatrices  most  commonly  follow  upon  injuries  due  to  irritant 
or  corrosive  substances,  such  as  boiling  water,  acids,  or  alkalies.  The 
extent  and  tightness  of  the  stricture  depend  on  the  size  of  the  corrosion- 
wounds.  If  the  corrosion  has  extended  deeply  into  the  tissues  of  the 
wall,  the  oesophagus  may  be  transformed  into  a  firm  almost  cartilagin- 
ous pipe,  through  which  only  the  finest  sound  may  be  able  to  pass. 
Syphilitic  strictures  are  very  rare,  as  the  oesophagus  is  on  the  whole  sel- 
dom attacked  by  syphilitic  inflammation.  Cancerous  strictures  are  due 
to  the  infiltration  of  the  whole  circumference  of  the  oesophagus  by  the 
neoplasm,  by  which  it  is  transformed  into  a  kind  of  tough  unyielding 
tube,  the  infiltrated  tissue  often  at  the  same  time  undergoing  contrac- 
tion.    These  strictures  are  usually  found  in  the  lower  or  middle  third  of 
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tlie  oesophagus,  rarely  in  the  u^Dper  third;  they  extend  over  a  length  of 
5  to  10  centimetres.     The  inner  surface  is  in  general  ulcerated. 

Spasmodic  or  spastic  stenosis  is  due  to  a  painful  contraction  of  the 
muscular  coats.  It  is  transient  but  apt  to  recur,  especially  in  hysterical 
patients.  As  a  rule  no  appreciable  anatomical  lesion  of  the  oesophagus 
can  he  laade  out  jjost  mo7'te7nj  though  sometimes  inflammation  or  ulce- 
ration of  the  mucous  membrane  exists  and  may  induce  abnormal  irrita- 
bility and  spasm. 

The  channel  may,  on  the  other  hand,  be  abnormally  wide,  either  from 
dilatation  or  from  the  presence  of  diverticula. 

Simple  dilatation  is  generally  the  result  of  stenosis  of  the  lower  part 
of  the  tube  or  of  the  cardiac  orifice  of  the  stomach.  In  this  case  the 
muscular  walls  yield  and  become  distended  as  the  ingested  food  gathers 
above  the  contracted  portion.  The  dilatation  is  generally  uniform,  but 
occasionally  it  is  unilateral  and  in  this  way  diverticula  are  sometimes 
produced.  The  various  coats  are  often  thickened  in  the  dilated  por- 
tion. 

But  dilatation  may  take  place  without  stenosis;  and  in  this  case  the 
cesophagus  assumes  the  form  of  a  fusiform  sac,  the  walls  of  which  (and 
especially  the  muscular  and  epithelial  coats)  are  more  or  less  thickened. 
The  apparent  cause  of  the  dilatation  is  a  diminution  of  the  contractile 
power  of  the  walls,  due  to  injuries  of  various  kinds  or  to  inflammatory 
change.  Localized  dilatations  above  the  diaphragm  occur  as  congenital 
malformations  (Zenker). 

Diverticula  occur  as  localized  sacculations  at  some  part  of  the  wall 
of  the  pharynx  or  oesophagus.  They  are  due  to  pressure  from  within,  or 
traction  from  without. 

Diverticula  of  the  former  class  are  rare.    They  occur  at  the  lower  end 
of  the  pharynx,  and  appear  either  as  small  sacculations  of  the  size  of  a 
hazel-nut  or  less  and  directed  posteriorly,  or  as  large  globular,  cylindri- 
cal, or  pyriform  sacs  hanging  down  between  the  tube   and  the  spine. 
The  walls  of  such  a  sac  are  moderately  thick  and  consist  of  the  mucosa 
and  submucosa  with  an  external  adventitious  layer  of  fibrous  tissue;  the 
muscular  coat  is  absent  or  persists  only  around  the  neck  of  the  sac.    The 
diverticulum  is  in  fact  a  hernia  (pharyngocele)  of  the  mucous  membrane 
through  the  muscular  bundles  of  the  inferior  constrictor  of  the  pharynx. 
Zenker  accounts  for  its  existence  by  supposing  that  some  localized 
weakening  of  the  posterior  wall  of  the  pharynx  takes  place,  and  that  then 
the  inner  layers  are  pushed  through  the  outer  by  pressure  from  within 
exerted  in  the  act  of  swallowing.   The  weakening  may  be  due  to  mechan- 
ical injury,  such  as  that  caused  by  the  lodgment  of  a  foreign  body.     As 
food  sometimes  lodges  in  a  diverticulum  and  remains  there  decomposing 
for  a  time,  it  may  act  as  an  irritant  to  the  mucous  membrane  and  give 
rise  to  inflammatory  thickening  of  the  wall,  or  occasionally  to  mucous 
papillary  growths  from  its  inner  surface. 
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Diverticula  due  to  traction  occur  on  the  anterior  aspect  of  the  eso- 
phagus, and  most  commonly  at  the  level  of  the  bifurcation  of  the 
trachea.  They  are  usually  narrow  and  funnel-shaped,  varying  in  depth 
from  2  to  17  mm.,  the  apex  pointing  directly  forwards  or  a  little  to  one 
side.  Simple  shallow  bulgings  are  more  rare.  The  funnel  consists  of 
mucosa  and  submucosa,  which  may  be  wholly  or  partially  or  not  at  all 
covered  with  a  muscular  layer.  The  apex  almost  invariably  runs  out 
into  a  band  of  dense  fibrous  tissue,  generally  containing  a  shrunken 
bronchial  gland  and  connected,  with  the  trachea  or  one  of  the  bronchi. 
The  diverticulum  thus  appears  to  be  ultimately  due  to  an  inflammatory 
process  starting  in  some  lymphatic  gland  and  involving  the  wall  of  the 
oesophagus:  the  contraction  of  the  inflammatory  or  cicatricial  tissue  gives 
rise  to  the  traction  upon  the  oesophagus-wall.  The  diverticulum  has  no 
tendency  to  enlarge,  but  it  may  be  perforated  by  a  foreign  body  which 
becomes  wedged  in  it. 

Rupture  of  the  healthy  cesophagus  is  rare,  if  we  leave  out  of  ac- 
count the  cases  in  which  it  is  directly  wounded  from  without.  There 
are  however  some  instances  on  record  in  which  strangulation  or  violent 
vomiting  have  led  to  longitudinal  or  transverse  rents  of  the  wall.  It 
may  be  that  in  the  latter  cases  the  tissues  were  to  some  extent  softened 
by  the  action  of  the  regurgitated  gastric  juice.  This  digestive  softening 
is  not  uncommon  as  a  post-mortem  phenomenon:  the  affected  tissue  ap- 
pears gray  or  yellow  and  sodden,  and  is  readily  torn.  According  to  Zen- 
ker it  may  occur  in  articulo  mortis;  but  the  instances  must  be  very  rare 
in  which  it  occurs  in  a  healthy  patient. 

Perfora  ion  of  the  oesophagus  is  due  to  disease  in  the  tube  itself  or 
in  the  adjoining  parts.  Cancerous  ulceration  and  the  lodgment  of 
foreign  bodies  are  the  commonest  causes  of  the  former;  corrosion  by 
various  liquids  and  simple  ulceration  come  next  in  point  of  frequency. 
Perforation  from  without  may  be  due  to  suppurating  lymphatic  glands, 
abscesses,  gangrene  of  a  goitrous  tumor,  or  aneurysm  of  the  transverse 
or  descending  aorta.  Perforation  is  always  followed  by  more  or  less  ex- 
tensive inflammation.  This  is  least  marked  when  the  tissue  around  the 
ruptured  spot  is  already  thickened  by  chronic  inflammation.  When 
there  is  no  such  thickening,  widespread  purulent  or  gangrenous  inflam- 
mation may  be  set  up  in  the  neighboring  parts. 

Zenker  and  von  Ziemssen  {Ziemssen^s  Cyclopcedia  vm.)  give  a  very  minute 
.and  accurate  account  (with  full  references  to  the  literature)  of  the  morbid  changes 
to  which  the  oesophagus  is  liable.     The  above  account  is  based  upon  theirs. 

450.  Catarrhal  inflammation  of  the  oesophagus  is  marked  chiefly 
by  epithelial  desquamation;  but  little  mucus  is  poured  out  in  the  chronic 
forms,  and  in  the  acute  forms  it  is  absent.  The  desquamated  cells 
give  the  mucous  surface  a  dull  whitish  or  yellowish  tint.  Sometimes 
minute  superficial  ulcerations  occur.     When  the  inflammation  i^  caused 
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by  the  presence  of  a  foreign  body,  a  deep  ulcer  is  often  formed  at  the 
spot  where  it  is  in  contact  with  the  wall. 

In  chronic  catarrh  the  mucous  membrane  may  become  hypertrophied, 
and  papillary  or  polypous  outgrowths  are  apt  to  arise  from  its  surface: 
the  muscular  coat  may  also  show  signs  of  hypertrophy.  If  the  mucous 
glands  become  obstructed  they  give  rise  to  granular  prominences  which 
are  liable  to  break  down  and  leave  minute  ulcers.  Varicose  veins  are 
not  infrequently  met  with  in  the  oesophagus  in  elderly  patients.  They 
lie  in  the  submucosa,  and  give  rise  to  small  livid  prominences  of  the 
mucous  membrane.  "When  these  become  eroded  minute  ulcers  exactly 
resembling  the  ulcers  of  chronic  catarrh  are  formed,  and  are  described  as 
varicose  ulcers.  Serious  hssmorrhage  sometimes  occurs  when  a  varicose 
vein  gives  way. 

Croupous  and  diphtheritic  inflammations  are  rare.  They  occur 
most  frequently  in  connection  with  typhoid,  cholera,  measles,  scarlatina, 
small-pox,  pulmonary  tuberculosis,  and  pyasmia:  they  very  seldom  in- 
deed accompany  ordinary  diphtheria.  Sometimes  in  the  course  of  small- 
pox regular  variolous  pustules  appear  in  the  oesophagus. 

Phlegmonous  inflammation  occurs  either  localized  or  diffased 
over  a  considerable  area:  it  is  however  an  extremely  rare  affection.  If 
the  collection  of  pus  which  forms  in  the  submucous  tissue  breaks  through 
the  surface,  complete  repair  and  recovery  may  ensue.  When  the  phleg- 
monous abscess  is  larger,  undermining  a  considerable  portion  of  the 
mucous  layer  and  breaking  through  it  at  several  points,  some  part  of  the 
cavity  of  the  abscess  may  persist  unhealed  after  its  evacuation:  it  be- 
comes gradually  covered  over  with  epithelium  growing  in  from  the  sites 
of  perforation.  This  variety  of  inflammation  is  due  to  wounds  or  corro- 
sions, or  to  the  extension  upwards  of  a  phlegmonous  inflammation  of 
the  stomach,  or  to  purulent  inflammation  extending  inwards  from  the 
surrounding  tissues. 

Corrosive  substances  like  sulphuric,  nitric,  hydrochloric,  or  carbo- 
lic acids,  caustic  potash  or  soda,  blue  vitriol,  etc.,  give  rise  to  more  or 
less  wide-spread  destruction  of  the  CBsophageal  tissues.  If  the  acids  are 
dilute  the  epithelium  alone  may  be  destroyed,  becoming  white  and  tur- 
bid and  falling  away  from  the  mucosa.  If  the  corrosive  action  goes  fur- 
ther, the  mucous  membrane  in  its  whole  thickness  is  transformed  into  a 
gray  or  brown  or  black  slough  traversed  by  blackened  blood-vessels,  and 
sometimes  the  muscular  coat  is  destroyed  likewise.  If  the  patient  sur- 
vives violent  inflammation  results,  which  is  usually  suppurative  and  now 
and  then  leads  to  perforation.  When  however  the  suppuration  causes 
the  necrosed  tissue  to  separate,  the  wound  may  become  scarred  over; 
if  the  muscular  coat  has  been  destroyed  the  scar  invariably  contracts 
and  gives  rise  to  extreme  constriction  of  the  tube. 

Patients  who  are  much  emaciated  and  bedridden  sometimes  suffer 
from  gangrenous  ulceration  of  the  pharynx.    Gray  or  black  sloughs  form 
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on  the  anterior  and  posterior  wall  at  the  level  of  the  cricoid  cartilage, 
wliich  are  presently  cast  off  leaving  ulcers  behind  them.  The  affection 
is  due  to  the  continuous  compression  of  the  tube  between  the  larynx  and 
the  spine,  the  extreme  relaxation  of  the  muscles  permitting  the  larynx  to 
sink  down  on  the  yielding  pharynx.  It  is  therefore  of  the  nature  of  a 
bed-sore  or  decubital  necrosis  (Art.  33). 

Syphilitic  inflammation  and  ulceration  of  the  oesophagus  are  ex- 
tremely rare. 

451.  Connective-tissue  growtlis  are  not  common  in  this  region, 
though  fibroma,  lipoma,  myxoma,  and  sarcoma  are  sometimes  met  with. 
As  a  rule  they  form  globular  polypous-looking  tumors.  This  is  especially 
true  of  fibroma,  which  occasionally  develops  in  the  lower  part  of  the 
pharynx  behind  the  larynx  and  hangs  pendulous  within  the  tube. 

Papillary  outgrowths  from  the  mucous  membrane  are  more  common; 
they  somewhat  resemble  warts  in  general  structure. 

Carcinoma  is  however  by  far  the  most  important  of  the  neoplasms 
affecting  the  oesophagus.  It  may  appear  at  any  point  of  the  tube,  though 
it  is  most  frequently  met  with  in  the  lower  third.  It  gives  rise  to  iso- 
lated or  annular  infiltrations,  which  speedily  break  down  into  ulcers. 
Sometimes  the  protuberant  parts  of  the  growth  are  entirely  removed  by 
ulceration,  while  the  base  and  margins  of  the  sore  continue  to  be  infil- 
trated with  cancer-tissue.  Tlie  disease  extends  in  the  first  instance  to 
the  m.uscular  coat,  and  then  to  the  adjacent  tissues  and  organs.  The 
connective  tissue  surrounding  the  oesophagus  becomes  indurated  and 
beset  with  nests  of  cancer-cells;  then  the  trachea,  bronchi,  pericardium, 
heart,  pleura,  lungs,  etc.,  may  be  successively  invaded.  Perforation 
may  result  from  the  ulceration,  and  then  ulcerative  disintegration 
spreads  rapidly  through  the  previously  infiltrated  organs.  The  neigh- 
boring parts  are  always  more  or  less  inflamed.  Primary  cancer  of  the 
■oesophagus  is  a  squamous  epithelial  carcinoma  (Art.  173). 

With  regard  to  thrush  see  Arts.  436  and  449. 
17 
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THE  STOMACH. 

452.  Introductory.  With  the  stomach  begins  the  portion  of  the 
alimentary  tract  whose  special  function  is  the  digestion  and  absorption 
of  the  ingested  food.  In  acordance  with  this  function  we  find  the  mu- 
cous membrane  of  the  stomach  furnished  with  numerous  blood-vessels 
and  lymphatics,  a  very  thin  epithelial  covering,  and  an  extraordinary 
number  of  glands  yielding  the  juices  necessary  for  digestion. 

The  ingesta  linger  in  the  stomach  for  a  considerable  time;  part  is  di- 
rectly absorbed  by  the  gastric  mucous  membrane,  part  is  altered  by  the 
gastric  digestion,  and  part  passes  on  unaltered. 

It  is  easy  to  understand  that — owing  to  the  length  of  time  during 
which  the  ingesta  remain  in  the  stomach,  and  the  intimate  nature  of  the 
relations  between  them  and  the  mucous  membrane — the  latter  is  very 
liable  to  be  injuriously  affected  by  any  noxious  substance  which  may  be 
swallowed.  Thus  the  acids  and  alkalies  which  give  rise  to  swelling  and 
corrosion  in  the  mouth,  throat,  and  cesophagus  (Art.  450)  will  in  gene- 
ral act  still  more  destructively  on  the  walls  of  the  stomach.  And  other 
substances  (like  phosphorus,  salicylic  acid,  etc.),  which  may  pass  through 
the  upper  parts  of  the  tract  without  doing  any  harm,  will  be  able  in  the 
stomach,  where  they  lie  for  an  appreciable  time,  to  set  up  local  or  general 
inflammatory  mischief.  An  excessive  meal  of  ordinary  food  may  have 
the  latter  effect,  and  of  course  substances  in  themselves  noxious  or  irri- 
tating will  act  more  intensely.  And  although  the  stomach  has  the  power 
of  as  it  were  protecting  itself  by  the  secretion  of  a  thick  coating  of  inert 
mucus,  still  this  power  has  its  limits  and  often  enough  is  inadequate. 

The  gastric  mucous  membrane  is  likewise  exposed  to  danger  from  the 
side  of  the  circulation.  Apart  from  local  or  general  disturbances  of  the 
blood-supply  leading  to  anaemic  necrosis  and  haemorrhage,  to  abnormal 
secretion,  or  to  oedema,  we  may  have  noxious  matters  conveyed  by  the 
blood  to  the  membrane,  and  setting  up  in  it  degenerative  changes  of  va- 
rious kinds.  Thus  cloudy  swelling  and  fatty  degeneration  (Arts.  48,  50) 
of  the  gland-cells  are  met  with  in  connection  with  many  infective  and 
toxic  affections,  such  as  small-pox,  typhoid,  septicaemia,  and  phosphorus- 
poisoning.  Often  the  degeneration  is  so  marked  as  to  give  rise  to 
obvious  macroscopic  change,  the  mucous  surface  taking  on  a  turbid  gray- 
ish or  yellowish  tint.     The  stomach  suffers  also  in  connection  with  other 
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general  diseases.  Thus  in  cases  of  generalized  amyloid  disease  the  fibrous 
structures  of  the  gastric  blood-vessels  are  often  affected  by  amyloid  de- 
generation. 

453.  Morbid  changes  in  the  walls  of  the  stomach  involve  more  or 
less  grave  disturbance  of  its  digestive  functions.  This  disturbance  again 
may  set  up  others,  and  these  may  give  rise  to  further  morbid  changes  of 
a  secondary  kind. 

The  gastric  secretion  in  health  is  such  as  to  induce  in  the  ingested 
food  certain  definite  chemical  changes.  If  the  secretion  is  from  any 
cause  deficient  or  morbidly  altered,  the  ingesta  may  undergo  abnormal 
decompositions.  These  are  very  often  of  the  nature  of  fermentations  set 
up  by  fungi  of  various  kinds.  These  fungi  or  their  germs  are  swallowed 
with  the  food;  but  in  health  they  do  not  develop  or  multiply  within  the 
stomach,  the  gastric  secretion  being  unfavorable  to  their  growth.  When 
however  this  property  of  the  secretion  is  altered  or  inactive,  the  fungi  are 
free  to  flourish. 

Over-distention  of  the  stomach  and  stagnation  of  its  contents  favor 
the  growth  of  fungi  in  it.  Permanent  dilatation  may  be  induced  by  too 
frequent  or  too  abundant  meals;  but  it  is  more  commonly  due  to  some 
obstruction  or  to  atony  of  the  muscular  coat.  These  again  may  depend 
on  very  various  causes.  In  the  first  place  the  free  passage  onwards  of 
the  food  may  be  interfered  with  by  such  causes  as  habitual  stooping, 
tight-lacing,  the  pressure  of  abdominal  tumors,  etc.  The  same  effect  is 
produced,  but  in  a  much  higher  degree,  by  textural  changes  in  the 
stomach  itself — especially  by  stenosis  of  the  pylorus,  inflammatory  infil- 
tration and  induration  of  the  walls,  gastric  ulcers  and  cancers,  adhesions 
to  contiguous  organs,  degeneration  and  other  affections  of  the  muscular 
coat,  etc.  And  when  from  any  cause  the  digestive  function  is  dis- 
ordered, the  onward  movement  of  the  food  may  be  hindered  by  the 
pyloric  sphincter  refusing  to  relax,  the  usual  stimulus  of  the  normally- 
digested  chyme  being  absent  (Brucke,  Pliysiologie  i.). 

When  any  of  these  conditions  give  rise  to  considerable  accumulation 
of  undigested  food  in  the  stomach,  the  fungi  grow  and  multiply,  some- 
times to  an  enormous  extent.  Micrococci,  microbacteria,  bacilli  of  the 
most  various  forms,  sarcinae,  yeast-fungi,  all  flourish  luxuriantly.  In 
the  contents  of  an  atonic  and  chronically  dilated  stomach  we  may  often 
find  specimens  of  almost  every  type  of  these  organisms.  Sometimes  we 
may  also  meet  with  spores  of  filamentous  fungi  or  moulds,  such  as  Mu- 
cor. 

In  consequence  of  the  growth  of  these  fungi  fermentations  of  various 
kinds  are  set  up.  The  chief  of  these  are  the  lactic,  butyric,  acetic,  alco- 
holic, and  certain  varieties  of  septic  or  putrefactive  fermentations. 

These  abnormal  fermentations  naturally  react  injuriously  on  the 
stomach  and  on  its  power  of  secretion.  They  keep  up  an  abiding  irrita- 
tion of  its  mucous  membrane,  and  often  seriously  hinder  the  repair  of 
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the  original  lesion,  which  may  be  in  itself  but  slight  and  transient.  In 
some  cases  the  bacteria  attack  the  mucous  membrane  directly.  Thus 
according  to  tok  Recklinghausen  ( Virch.  Arch.  vol.  30)  and  von 
Wahl  ( Virch.  Arch.  vol.  41)  certain  kinds  may  penetrate  the  glands 
and  the  underlying  tissue,  and  give  rise  to  pustule-like  nodules  protrud- 
ing above  the  surface.  In  the  case  of  a  man  who  died  after  two  days' 
illness  with  choleraic  symptoms,  the  author  found  the  stomach  beset 
with  small  whitish  patches  of  necrosis  and  minute  ulcers  with  whitish 
floors;  and  on  examination  these  were  seen  to  contain  multitudes  of 
bacilli.  Mould-fungi  and  yeast-fungi  are  unable  to  penetrate  the  mu- 
cous membrane. 

When  the  contents  of  the  stomach  are  highly  acid  while  the  circula- 
tion within  its  walls  is  somehow  weakened,  the  walls  may  become 
softened  or  macerated,  or  in  a  certain  sense  digested.  According  to  the 
amount  of  blood  it  contains  the  mucous  membrane  is  transformed  into  a 
brown  or  black  pulpy  or  jelly-like  friable  mass.  This  '  softening  of  the 
stomach '  (gastromalacia)  is  generally  met  with  in  cases  of  brain  dis- 
ease, especially  in  tuberculous  meningitis  wliere  it  may  set  in  during  the 
last  hours  of  life.  Leube  is  of  opinion  that  it  may  occur  in  persons 
previously  in  good  health,  but  his  instances  are  by  no  means  conclusive. 

Gastromalacia  is  in  the  great  majority  of  cases  a  post-mortem  phenomenon. 
After  death  the  mucous  membrane  of  the  stomach  alters  very  quickly,  espe- 
cially when  it  contains  an  excess  of  gastric  juice  or  of  acid  products  of  decompo- 
sition. 

The  first  alteration  consists  in  solution  of  the  blood-corpuscles  and  diffusion 
of  their  coloring-matter  through  the  tissues.  If  sulphuretted  hydrogen  is  evolved 
from  the  contents  of  the  stomach,  the  red  coloring-matter  is  changed  to  greenish- 
black.  Brown  pigmentations,  such  as  occur  in  cases  of  chronic  gastritis,  take  on 
a  gray  or  black  tint. 

Self -digestion  very  frequently  follows.  The  mucous  membrane  and  then  the 
muscular  and  serous  coats  are  traasformed  into  a  soft  friable  mass,  white  or 
gray  or  black  in  color.  When  the  stomach  is  lifted  out  its  contents  sometimes 
break  through  the  softened  tissue  and  escape.  Occasionally  the  walls  are  thus 
macerated  over  their  entire  extent;  and  when  the  fundus  has  been  lying  in  con- 
tact with  the  diaphragm,  the  process  may  extend  to  the  latter  and  so  break  it 
down  that  the  contents  of  the  stomach  escape  into  the  thorax.  The  most 
marked  instances  of  self -digestion  of  the  stomach  occur  in  young  children,  whose 
stomachs  contain  a  large  quantity  of  undigested  milk;  and  the  characteristic  ap- 
pearances are  more  frequently  seen  in  hot  weather  than  in  cold. 

References  on  mechanical  dilatation  and  fermentation  within  the  stomach: — 
KusSMAUL,  Dent.  Arch.  f.  klin.  Med.  vi. ;  Jurgensen,  ibid.  vii. ;  Penzoldt,  Die. 
Magenerweiterung  Erlangen  1875  (with  full  references);  Leube,  Ziemssen' s  Cyclop. 
VII ,  Deut.  Arch.  f.  klin.  Med.  xxiii. ;  Naunyn,  ibid.  xxxi. ;  Poensgen,  Die  motor. 
Verrichtungen  d.  menschlichen  MagensStrashurg  1882;  Budd,  Organic  diseases  of 
the  stomach  London  1855;  Fenwick,  The  stomach  and  duodenum  London  1868; 
EwALD,  Die  Lehre  von  a.  Verdauung  Berlin  1879;  Rosenbach,  Samml.  klin. 
Vortrdge  no.  153. 

On  gastromalacia  see  Elsa.sser,  Die  Magenerweichung  der  Sduglinge  Stutt- 
g  d  1846:  Leube,   Ziemssen' s  Cyclop,   vii. ;  Kundrat  and  Wiederhofer,    Ger- 
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hardVs  Handb.  d.  Kinderkrankh.  iv. ;  Thorspecken,  Deut.  Arch.  f.  klin.  Med. 
xxni.;  W.  Mayer,  Gastromalacia  ante  mortem,  ibid,  ix.,  In.  Diss.  Leipzig  1871. 

454.  Congenital  anomalies.  The  stomach  is  occasionally  absent 
in  acephalic  monsters.  More  rarely  it  is  found  to  be  abnormally  small, 
in  foetuses  which  are  otherwise  well-developed.  Complete  atresia  of  the 
pylorus  is  very  rare,  but  stenosis  or  abnormal  contraction  is  more  fre- 
quent (R.  Maier). 

Of  congenital  anomalies  of  form  we  may  mention  abnormal  constric- 
tions of  the  body  of  the  stomach,  giving  it  an  hour-glass  shape;  and  the 
occurrence  of  partitions  abnormally  subdividing  it. 

In  cases  of  Situs  tranversus  or  lateral  transposition  of  the  viscera 
(Art.  11),  in  persistent  fissure  of  the  abdomen  and  thorax  (Art.  9),  and 
in  congenital  deficiency  of  the  diaphragm,  the  stomach  is  as  a  rule  mis- 
placed. Sometimes  the  vertical  position  of  foetal  life  persists  in  the 
adult. 

Acquired  anomalies  of  form  and  position  are  more  common. 
Dilatation  may  be  due  to  congenital  or  acquired  stenosis  of  the  pylorus. 
But  it  may  occur  independently  of  pyloric  obstruction,  as  a  result  of  ab- 
normal position  or  adhesions,  of  distention  from  excess  of  ingesta,  or 
from  textural  changes  in  the  walls  (Art.  453). 

In  extreme  dilatation  the  stomach  occupies  a  large  extent  of  the  ab- 
dominal cavity,  extending  backwards  rather  than  forwards.  It  may 
reach  from  the  left  side  of  the  diaphragm  to  the  symphysis  pubis,  com- 
pressing the  bladder  and  covering  over  almost  the  whole  of  the  intestinal 
convolutions.  The  left  half  of  the  lesser  curvature  runs  parallel  to  the 
spine,  in  continuation  of  the  line  of  the  oesophagus:  the  pyloric  half 
bends  up  at  a  sharp  angle  towards  the  liver.  The  greater  curvature  lies 
along  the  left  side  of  the  abdomen,  the  pylorus  being  dragged  down- 
wards and  backwards  and  the  hepatico-duodenal  ligament  stretched. 
The  coats  of  the  stomach  may  be  thinned  in  every  part  or,  according  to 
the  cause  of  the  dilatation,  may  be  thickened  at  various  spots,  especially 
in  the  neighborhood  of  the  pyloric  end. 

Acquired  contraction  or  constriction  of  the  stomach  is  due  either  to 
functional  inactivity  of  the  organ  as  in  prolonged  starvation,  or  to  in- 
flammatory or  ulcerative  disease  leading  to  cicatricial  contraction.  Peri- 
tonitis, followed  by  adhesions  and  contraction  of  the  serous  membrane 
{peritonitis  deformans),  may  give  rise  to  shrinking  or  other  deformity 
of  the  stomach.  Partial  alterations  of  form  are  due  to  local  disease. 
Ulcers  (chiefly  along  the  lesser  curvature)  which  heal  and  become  cica- 
trized lead  to  retractions  and  constrictions,  which  may  be  so  extreme  as 
to  give  the  stomach  the  form  of  an  hour-glass,  or  to  bring  the  cardiac 
and  pyloric  ends  into  contact.  New  growths  in  the  stomach-wall  may 
have  like  effects.     Gastric  diverticula  are  very  rare. 

Displacements  of  the  stomach  as  a  whole  may  be  caused  either  by 
changes  in  the  surrounding  parts  or  by  disorders  of  the  organ  itself. 
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References: — Penzoldt,  Die  Magenerweiterung  Erlangen  1875;  Landerer, 
Die  angeborene  Stenose  des  Pylorus  Tubingen  1879;  Demme,  Die  Magenerweite- 
rung beim  Kinde,  Jahresbericht  d.  Kinderspitales  Berne  1882. 

455.  Hypertrophy  of  the  muscular  coat  is  observed  in  like  conditions 
to  those  which  are  associated  with  dilatation,  namely  in  cases  of  pyloric 
obstruction.  It  is  rarely  met  with  unaccompanied  by  such  obvious  ana- 
tomical lesions  as  explain  its  development;  when  these  are  absent  we 
are  driven  to  refer  it  to  functional  disturbance  of  some  kind  (Nauwerck, 
Deutsches  Archivf.  klin.  Med.  xxi.).  The  hypertrophy  is  most  marked 
near  the  pylorus,  less  so  about  the  fundus;  it  may  be  very  considerable. 

Notable  thickening  of  the  walls  of  the  stomach  may  follow  upon 
chronic  inflammation  (Art.  456),  and  is  common  in  carcinomatous  dis- 
ease (Art.  461).  In  both  cases  the  thickening  is  mainly  due  to  fibrous 
hyperplasia,  though  the  mucous  and  serous  coats  and  at  times  the  mus- 
cular coat  partake  in  the  change:  cases  are  however  not  rare  in  which 
the  muscular  coat  is  decidedly  hypertrophied.  The  fibrous  thickening 
which  accompanies  carcinomatous  disease  is  often  very  great. 

Gastric  polypi  are  papillary  outgrowths  from  the  mucous  mem- 
brane of  an  inflammatory  kind  (Art.  456).  They  vary  from  the  size  of 
a  pea  to  that  of  a  hazel-nut  or  more,  and  very  frequently  enclose  small 
cyst-like  cavities.  No  new  glands  are  formed  in  them,  although  by  the 
overgrowth  of  the  interglandular  tissue  single  glands  here  and  there  may 
seem  enlarged.  Such  inflammatory  polypi  are  to  be  distinguished  from 
the  villous  or  papillomatous  neoplastic  growths  or  true  tumors  whicli 
may  occur  in  the  stomach. 

Atrophy  of  the  coats  is  met  with  in  conditions  of  general  cachexia, 
and  in  cases  of  dilatation.  Fatty  degeneration  of  the  muscular  fibres 
takes  place,  and  according  to  R.  Maier  colloid  degeneration  also  occurs. 
When  the  fibrous  elements  become  hyperplastic  the  muscle-cells  may  be 
compressed  and  undergo  atrophy,  while  the  glandular  structures  also 
dwindle  and  degenerate  (Art.  456). 

456.  Inflammation  of  the  stomach  or  gastritis.  In  recent  acute 
catarrh  (acute  gastritis)  the  mucous  membrane  of  the  stomach  appears 
dark-red  and  swollen,  and  beset  with  small  haemorrhagic  patches.  The 
surface  is  covered  with  a  film  consisting  of  mucus,  mucoid  epithelium, 
and  extravasated  leucocytes.  The  cylindrical  epithelial  cells  of  the 
gland-ducts,  which  in  normal  conditions  manufacture  large  quantities  of 
mucus  from  their  protoplasm,  are  seen  to  have  passed  into  an  extreme 
stage  of  mucoid  change,  and  many  are  in  process  of  desquamation.  The 
epithelial  cells  of  the  peptic  glands  lie  loosely  in  the  lumen,  and  seem 
more  granular  than  usual.  The  vessels  of  the  interglandular  connective 
tissue  are  distended,  and  their  course  is  marked  by  cellular  infiltration 
of  the  tissue,  especially  along  the  small  veins.  The  subglandular  tissue, 
and  in  some  cases  the  submucosa,  are  here  and  there  infiltrated;  the 
endothelium  of  the  lymphatics  is  swollen  and  desquamating,  and  some 
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of  the  cells  are  multinuclear.  These  signs  of  inflammation  may  appear 
over  the  whole  extent  of  the  mucous  membrane,  or  may  be  confined  to  a 
few  patches;  very  often  the  pyloric  end  alone  is  affected.  Acute  catar- 
rhal gastritis  is  in  most  cases  a  transient  affection,  resulting  in  resolution 
and  recovery;  but  it  may  j)ass  into  the  chronic  form  and  so  lead  to  per- 
manent changes. 

Thu3  the  infiltration  and  the  epithelial  desquamation  may  become 
extreme;  j^art  of  the  epithelium  is  thus  permanently  lost,  and  as  the  des- 
quamation extends  the  glandular  structures  gradually  perish.  In  other 
words,  atrophy  of  the  mucous  membrane  takes  place.  In  rare  cases 
this  is  accompanied  by  disintegration  of  the  fibrous  sub-structures. 
Where  the  infiltration  has  been  greatest,  perhaps  where  haemorrhagic 
extravasation  has  occurred,  both  epithelium  and  fibrous  tissue  perish, 
and  are  cast  off  in  larger  or  smaller  fragments  (see  Art.  421).  In  this 
way  more  or  less  extensive  ulceration  is  set  up,  and  may  spread  over  a 
large  part  of  the  mucous  membrane. 

The  individual  ulcers  are  of  various  sizes.  The  floor  is  usually  ir- 
regular and  beset  with  low  ridges  or  with  small  warty  elevations;  they 
may  be  pale  or  red,  and  are  sometimes  indurated.  The  margins  pass 
gradually  into  the  thinned  and  atrophied  membrane  around,  or  are 
sharply  defined  and  marked  by  the  presence  of  excrescences  in  the  form 
of  small  polypi  or  raised  borders.  Whenever  the  ulcer  is  large  enough 
to  be  easily  visible,  the  glandular  structures  of  the  mucosa  are  found  to 
be  almost  wholly  destroyed.  The  muscvilaris  mucosae  usually  persists, 
but  is  thickly  beset  with  infiltrated  cells.  The  submucosa  is  thickened, 
indurated,  and  infiltrated,  its  fibrous  elements  being  hyperplastic  and 
abnormally  coarse  in  texture.  The  glandular  structures,  where  they  re- 
main, are  infiltrated  with  leucocytes;  the  infiltration  being  most  marked 
in  the  neighborhood  of  the  thickenings  and  polypous  excrescences.  Some 
of  the  glands  undergo  cystic  degeneration.  The  lymphadenoid  follicles 
are  fuller  of  lymphoid  cells  than  in  normal  conditions,  and  are  some- 
what enlarged. 

Ulcers  of  this  extent  are  rare  as  a  consequence  of  simple  inflamma- 
tion. Like  the  round  or  perforating  gastric  ulcer  (Art.  459)  they  maj 
give  rise  to  serious  hsemorrhage. 

A  more  common  result  is  pigmentary  change  in  the  mucous  mem- 
brane, with  glandular  atrophy  and  fibrous  hyperplasia  (atrophic  pig- 
mentary induration).  The  pigmentation  is  usually  gray,  and  is  due 
to  the  presence  of  minute  black  granules  derived  from  small  extravasa- 
tions of  blood.  The  atrophy  appears  in  the  thinning  of  the  mucous 
membrane,  which  may  be  marked  enough  to  be  visible  by  the  unaided 
eye;  in  slighter  cases  it  can  be  demonstrated  under  the  microscope. 

When  the  fibrous  hyperplasia  is  on  the  whole  but  slight,  it  seems  to 
be  confined  to  the  interglandular  connective  tissue  (Fig.  175  a).  In 
more  advanced  cases  the  mucous  membrane  is  increased  in  its  entire 
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thickness,  and  rises  in  folds  {d)  and  warty  or  polypous  excrescences. 
The  surface  thus  becomes  rough  and  corrugated,  and  the  condition  is 
known  as  the  etat  mamelonne,  ov  polyposis  ventriculi  (Art.  422). 


Fig.  175.    Fibroid  fold  (ETAT  MAMELONNE)  in  the  gastric  mucous  membrane. 
(Hcematoxylin  staining.  X  10. 
a,  mucosa,  with  atrophied  glauds.  d,  hyperplastic  fibrous  tissue  of  the  mucosa. 

6,  submucosa.  e,  gastric  glands. 

c,  muscular  coat. 

The  hyperplastic  fibrous  tissue  (d)  may  be  dense  and  coarse-fibred,  or 
soft  and  cellular.  Some  of  the  glands  lose  their  epithelium  and  disap- 
pear, others  take  the  form  of  cysts. 
These  cysts,  which  vary  in  size  from 
that  of  a  small  pea  to  that  of  a  bean, 
contain  a  clear  yiscid  liquid  mingled 
with  granular  detritus  and  sometimes 
trans]3arent  spherules  of  colloid  sub- 
stance. The  epithelium  of  the  cysts 
is  cylindrical  (Fig.  176  c)j  and  many 
of  the  cells  have  the  appearance  of 
typical  goblet-cells.  The  larger  cysts 
are  occasionally  beset  with  papillary 
ingrowths  from  their  walls  (Fig. 
176  c). 

In  all  forms  of  chronic  inflamma- 
tion, but  especially  in  the  ulcerative 
forms,  the  overgrowth  of  fibrous  tis- 
sue may  extend  to   the  submucous, 
muscular,  and  even  to  the  serous  coats. 

The  wall  of  the  stomach  is  thus  thickened  and  indurated,  while  the 
muscular  fibres  are  more  or  less  compressed  and  atrophied.  In  other  in- 
stances, however,  the  muscular  coat  becomes  hypertrophied. 


Fig,  176.  Section  through  a  gastric  poly- 
pus. 

{HcBmatoxylin  staining:  x  300.) 

a,  tubular  gland  with  cylindrical  epithelium. 
6,  fibrous  stroma  infiltrated  with  leucocytes. 
c,  papillary  growths  into   the  lumen    of  a 
glandular  cyst. 
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457.  Phlegmonous  inflammation  of  the  stomach  is  rare;  it  may 
be  general  or  circumscribed,  the  latter  being  the  commoner  form.  The 
seat  of  the  inflammation  is  essentially  the  submucosa  (compare  Arts. 
390,  427). 

In  the  circumscribed  form,  more  or  less  extensive  abscesses  may  be 
formed  and  break  into  the  cavity  of  the  stomach.  In  the  diffuse  form 
the  submucosa  is  at  first  greatly  swollen  and  thickened,  while  the  mu- 
cosa is  unaffected  or  occasionally  somewhat  swollen.  The  exudation  in  the 
submucosa  is  sero-purulent,  and  the  mucosa  is  infiltrated  with  round- 
cells.  Sometimes  the  infiltration  extends  to  the  muscular  coat,  passing 
chiefly  along  the  intermuscular  septa.  In  this  way  the  serous  coat  may 
come  to  be  affected  in  like  manner.  Both  muscular  and  serous  coats  then 
become  swollen,  and  the  serous  surface  may  be  covered  with  purulent  or 
fibrino-purulent  deposits. 

After  a  time  the  subijiucous  tissue  appears  to  break  up  and  dissolve, 
and  the  exuded  pus  breaks  at  various  points  through  the  mucosa.  The 
latter  becomes  in  some  cases  almost  riddled  such  perforations.  The  mus- 
cular coat  may  likewise  suppurate.  If  the  patient  survive,  the  smaller 
openings  may  cicatrize  over  and  so  heal,  but  the  larger  frequently  re- 
main as  cavities  extending  into  the  submucosa  and  ultimately  become 
covered  internally  with  a  stratum  of  epithelial  cells;  such  cavities  may 
communicate  with  the  cavity  of  the  stomach  by  one  or  more  openings 
through  the  mucosa. 

Croupous  and  diphtheritic  inflammations  of  the  gastric  mucous 
membrane  are  rare.  They  are  generally  met  with  in  connection  with 
diphtheritic  pharyngitis  in  cases  of  scarlatina  or  small-pox,  and  in  infants 
who  die  of  septic  inflammation  of  the  umbilicus. 

The  croupous  exudation  takes  the  form  of  more  or  less  extensive  gray- 
ish-yellow false  membranes;  but  these  very  rarely  extend  over  any  large  part 
of  the  gastric  surface.  In  diphtheritic  inflammation  the  necrotic  mem- 
brane may  consist  only  of  the  suioerficial  epithelial  cells  (and  then  appears 
as  a  small  grayish  patch) ;  or  it  may  include  the  whole  thickness  of  the  mu- 
cosa, which  is  then  transformed  into  a  gray  or  black  slough.  Ulcera- 
tions due  to  small-pox,  tuberculosis,  typhoid,  or  syphilis,  are  very  rarely 
met  with  in  the  stomach. 

Corrosion  of  the  stomach  by  caustic  poisons  is  comparatively  com- 
mon. It  is  always  associated  with  like  changes  in  other  parts  of  the  ali- 
mentary canal  above  and  below  the  stomach.  In  the  latter  case  the 
changes  may  extend  to  the  ileo-csecal  valve,  owing  to  the  fact  that  the 
small  intestine  is  much  more  easily  affected  by  such  poisons,  even  when 
much  diluted,  than  the  stomach. 

All  corrosive  poisons,  whether  acids  or  alkalies,  when  concentrated 
■  give  rise  to  sloughing  and  separation  of  the  superficial  layers  of  the  mu- 
cous membrane  (A.  Lesser).  The  sloughs  or  eschars  caused  by  sulphuric 
acid  are  grayish-white  or  ashy-gray,  dry  and  coarse  in  appearance,  and 
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"brittle.  In  extreme  cases  the  entire  surface  may  be  transformed  into  a 
charred-looking  blackened  mass.  When  recent  the  several  elements  of 
the  tissue  are  still  recognizable  in  the  slough,  though  they  are  turbid  and 
shrunken.  The  sloughs  due  to  hydrochloric  acid  are  similar,  Nitric 
acid  produces  a  yellow  or  orange  slough.  The  color  of  the  less  affected 
parts  is  pale  purple  or  grayish.  Oxalic  acid  gives  rise  to  slight  and  su- 
j)erficial  sloughs,  which  are  white  or  grayish  in  color.  A  concentrated 
solution  of  caustic  potash  acts  like  sulphuric  acid,  but  the  sloughs  are  less 
brittle.  Parts  that  have  been  for  some  time  in  contact  with  the  alkali 
become  semi-transparent.  Corrosive  sublimate,  carbolic  acid,  and  arseni- 
ous  acid,  give  rise  to  white  sloughs. 

The  mineral  acids  and  alkalies  are  the  most  powerfully  corrosive. 
lHot  only  may  all  the  coats  of  the  stomach  be  destroyed  by  their  action, 
but  the  neighboring  organs  may  be  similarly  corroded  and  discolored. 
The  liver  and  spleen  are  especially  liable  to  be  attacked,  and  then  look 
almost  as  if  they  had  been  boiled. 

In  the  parts  surrounding  the  sloughs,  and  in  other  places  where  the 
poison  has  been  somewhat  diluted,  a  more  or  less  intense  haemorrhagic 
inflammation  is  set  up.  The  parts  thus  affected  presently  take  on  a 
brownish,  greenish,  or  grayish-black  tint,  and  are  traversed  by  blackened 
vessels;  the  slough  at  the  same  time  softens  or  breaks  down,  and  this 
more  readily  in  the  case  of  acids  than  of  alkalies.  By  and  by  the  dead 
tissue  is  cast  off  and  liquefies. 

The  most  intense  inflammation  is  that  set  up  by  the  strong  mineral 
acids;  oxalic  acid,  corrosive  sublimate,  carbolic  acid,  and  arsenious  acid, 
are  much  less  active  in  this  respect. 

If  the  patient  does  not  straightway  die,  the  corrosion-wounds  may 

heal  by  cicatrization.     Where  the  corrosion   has   been   extensive,  very 

.  great  contraction  and  deformity  of  the  stomach  and  intestine  may  result. 

References  on  corrosion  of  the  alimentary  tract: — Caspar  and  Liman,  Handb. 
d.  gerichtlichen  Medicin  Berlin  1881;  Bohm,  Ziemssen's  Cyclop,  xvn.;  Birch- 
HlRSCHFELD,  Lehrb.  d.  path.  Anat.  1877;  Virchow,  Charite- Annalen  yi.,  1881; 
A.  Lesser,  Virch.  Arch.  vol.  83;  Filehne,  ibid.  vol.  83;  Taylor,  Medical  Juris- 
prudence London  1883. 

458.  The  gastric  mucous  membrane  is  very  liable  to  haemorrhage. 
Heemorrhage  may  be  caused  by  traumatic  injury  through  the  swallowing 
of  solid  bodies  or  corrosive  poisons,  by  inflammatory  changes  in  the  blood- 
vessels, by  ulceration,  by  venous  engorgement  such  as  accompanies  por- 
tal obstruction  in  various  hepatic  disorders,  scurvy,  yellow  fever,  acute 
yellow  atrophy  of  the  liver,  typhoid,  etc.;  in  fact  by  local  lesions  and  by 
general  infective  disease,  by  constitutional  disorder  and  by  changes  in 
the  composition  of  the  blood  as  a  whole.  In  rare  cases  hsemorrhage 
may  be  due  to  primary  alterations,  such  as  atheroma  and  aneurysm, 
in  the  large  vessels  of  the  stomach  and  the  neighboring  organs. 
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The  effused  blood,  which  may  be  small  or  large  in  quantity,  becomes 
rapidly  brown  or  black  as  the  gastric  acids  transform  its  haemoglobin 
into  htenuitin. 

"When  the  bleeding  is  due  to  the  erosion  or  rupture  of  a  small  blood- 
essel,  tiie  fact  can  in  general  be  easily  verified  on  o})cning  the  stoniacli. 
When  tlie  bleeding  is  'capillary'  or  parenchymatous  the  tissue  is  "infil- 
trated with  blood  and  red,  brown,  or  black  in  color.  Such  infiltrated 
tissue  is  of  course  more  or  less  completely  deprived  of  circulating  blood, 
and  is  consequently  exposed  to  tlie  digestive  action  of  tlie  gastric  juice. 
It  is  therefore  attacked  and  in  part  dissolved,  and  in  this  way  an  ulcer  or 
'  ]ia.Mnorrluigic  erosion  '  is  produced. 

Haemorrhagic  erosions  of  the  stomach  heal  in  the  same  way  as 
those  of  other  mucous  membranes,  unless  some  special  obstacle  stands  in 
the  way.  If  the  loss  of  substance  is  at  all  considerable  a  reactive  inflam- 
mation is  set  up,  in  consequence  of  which  the  surrounding  parts  become 
infiltrated  with  cells.  Granulation-tissue  and  a  cicatrix  are  produced, 
and  presently  become  clothed  with  epithelium.  The  same  process  takes 
place  in  the  healing  of  other  lesions  unaccompanied  by  notable  haemor- 
rhages, such  as  those  caused  by  traumatic  injury,  corrosive  poisons,  etc. 

The  result  is  different  in  certain  conditions  unfavorable  for  repair, 
as  when  the  gastric  acids  are  present  in  excessive  quantity,  or  when  the 
circulation  in  the  parts  around  the  erosion  is  interfered  with  for  any 
reason,  local  or  general  {e.g.  antemia).  In  such  cases  the  circulation  in 
the  floor  and  margins  of  the  erosion  may  be  insufficient  to  protect  the 
parts  from  digestion.  The  exposed  strata  of  the  tissue  are  dissolved  one 
after  another,  and  an  ever-enlarging  ulcer  is  produced,  the  so-called 
ulcus  ex  digestione  (Art.  459).  When  thrombosis  occurs  in  the  vessels 
exposed  by  an  erosion  such  an  ulcer  is  very  apt  to  be  produced. 

Melaena  neonatorum  is  a  peculiar  form  of  haemorrhage  from  engorgement. 
It  is  a  gastro-enterorrhagia,  or  bleeding  from  stomach  and  intestine  simulta- 
neously, which  appears  in  the  first  week  or  two  of  life,  most  commonly  in  the 
first  to  the  third  day.  It  occvirs  in  strong  healthy  infants  as  well  as  in  those  who 
are  born  semi-asphyxiated;  and  is  probably  due  to  some  disorder  or  defect  of  the 
circulation  after  birth,  such  as  often  leads  to  temporary  engorgement  or  conges- 
tion. If  the  mucous  membrane  be  thus  at  any  point  infiltrated  with  blood,  an 
ulcer  may  afterwards  be  readily  formed.  The  stomach  and  duodenum  are  the 
commonest  seats.  According  to  Landau  the  arteries  of  the  stomach  and  intes- 
tine are  liable  to  embolism  from  fragments  of  thrombi  forming  in  the  umbilical 
vein  and  ductus  artei-iosus;  and  the  embolism  may  give  rise  to  haemorrhagic  in- 
farction, haemorrhage,  and  ulceration.  See  Buhl  {Klinikf.  Oeburtskunde  1864), 
Spiegelberg  {Jahrb.  f.  Kinderheilk.  ii.  (new  series)  1869),  Landau  ( Ueber  Melcena 
d.  Neugebor.  Breslau  1874),  Rehn  {Centralzeitung  f.  Kinderh.  I.);  Wiederhofer 
Gerhardfs  Handb.  f.  Kinderkr.  iv.). 

459.  Round  or  perforating  gastric  ulcer  (wZcws  rotundum,  ulcus 
perforans,  ulcus  simplex,  or  ulcus  ex  digestione).  '  Round '  ulcer  occurs 
in  the  stomach  or  duodenum,  and  very  rarely  in  the  lower  part  of  the 
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oesophagus.  As  we  liave  said  in  Art.  458,  it  is  due  to  the  digestive 
action  of  the  gastric  juice,  and  takes  the  form  of  a  circumscribed  pro- 
gressive necrosis  with  solution  of  the  necrosed  tissue. 

A  typical  perforating  ulcer  measures  from  one  to  six  centimetres 
across,  and  in  form  resembles  a  flat  funnel  or  saucer,  inasmuch  as  the 
loss  of  substance  in  the  mucosa  or  surface  layer  is  greater  than  that  in 
the  other  layers.  Where  the  submucosa  rests  on  the  muscular  coat  a 
slight  ledge  or  terrace  can  generally  be  made  out.  In  ulcers  that  are 
not  recent  these  relations  often  disappear,  the  loss  of  substance  in  the 
deeper  layers  (muscular  and  serous)  becoming  as  great  as  in  the  more 
superficial  ones.  Such  ulcers  may  be  as  much  as  eight  to  twelve  centi- 
metres in  diameter. 

When  the  ulcer  extends  through  all  the  coats,  as  it  not  infrequently 
does,  the  adjacent  organs,  like  the  pancreas  and  liver,  are  usually  found 
to  be  bound  to  the  stomach  by  firm  adhesions  and  so  come  at  length  to 
constitute  the  floor  of  the  ulcer.  In  such  cases  the  cavity  may  become 
flask-shaped,  the  hole  in  the  stomach-wall  leading  into  a  larger  excava- 
tion in  or  bounded  by  the  underlying  viscera. 

The  margins  of  the  ulcer  are  usually  smooth,  and  not  thickened;  at 
most  they  are  slightly  swollen.  On  microscopic  examination  it  appears 
that  no  appreciable  amount  of  cellular  infiltration  precedes  or  accom- 
panies the  disintegration  of  the  tissue.  The  inflammatory  processes 
which  give  rise  to  the  adhesions  between  the  stomach  and  the  adjacent 
organs,  and  to  the  thickening  of  the  serous  coat,  are  secondary  to  the 
progressive  destruction  by  the  gastric  juice. 

Any  kind  of  injury  which  causes  a  localized  textural  lesion  of  the 
mucous  surface  of  the  stomach,  and  so  expose  it  to  the  unchecked  action 
of  the  gastric  juice,  may  be  the  originating  cause  of  a  gastric  ulcer. 
Probably  the  commonest  of  such  causes  are  venous  engorgement,  hae- 
morrhage, and  arterial  angemia  (ischsemia)  due  to  embolism,  spasmodic 
contraction,  or  sclerosis.  In  other  cases  mechanical  injury,  or  corrosion 
by  caustic  substances,  may  afford  a  starting-point.  Aufrecht  has  suc- 
ceeded in  producing  typical  gastric  ulcers  in  rabbits  by  injecting  can- 
tharidin  under  the  skin  {Cent.  f.  d.  med.  Wiss.  31,  1882).  He 
regards  these  ulcers  as  depending  primarily  on  an  intense  hajmorrhagic 
inflammation  of  single  gastric  glands  (gastradenitis). 

G-astric  ulcer  runs  a  chronic  course,  but  the  first  stages  of  its  develop- 
ment are  often  somewhat  rapid.  After  severe  burns  of  the  skin,  for  ex- 
ample, ulcers  of  the  stomach  and  duodenum  are  sometimes  very  rapidly 
induced,  probably  in  consequence  of  some  vascular  obstruction  or  throm- 
bosis due  to  disintegrated  blood-corpuscles  (Art.  262).  Round  ulcers  are 
most  frequently  met  with  in  the  neighborhood  of  the  lesser  curvature,  then 
near  the  pylorus,  and  least  frequently  in  the  duodenum. 

Bangers  in  gastric  ulcer.  When  an  ulcer  has  once  formed  it  may 
heal  up,  provided  it  is  not  too  large.     For  this  it  is  necessary  that  a  good 
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circulation  should  be  cstaLlishod  in  the  structures  of  the  floor  and  mar- 
gins; tlie  tissue  thus  Ijccomes  alkalized  and  fortified  against  the  action 
of  the  gastric  juice,  and  the  formation  of  granulations  and  cicatricial  tis- 
sue becomes  })ossible. 

Small  ulcers  may  heal  without  leaving  any  marked  scar.  Ulcers  of 
any  size  give  rise  to  dense  puckered  scars,  which  by  their  contraction 
may  cause  considerable  deformity  of  the  stomach.  An  ulcer  near  the 
pylorus  may  lead  to  dangerous  stricture  of  the  orifice. 

One  great  danger  in  gastric  ulcer  arises  from  the  risk  of  hiemorrhage 
from  small  or  large  arteries,  which  become  eroded  in  the  course  of  the 
ulcerative  process.  The  hsemorrhage  may  recur  again  and  again  and  lead 
to  extreme  anaemia,  or  a  single  great  haemorrhage  may  bring  about  death 
directly.  On  post-mortem  examination  it  is  not  rare  to  find  in  the  floor 
of  the  ulcer  the  eroded  vessels,  either  patent  or  closed  by  thrombi,  from 
which  the  bleeding  has  taken  place.  Occasionally  one  of  the  larger  ves- 
sels, such  as  a  main  branch  of  the  coronary  or  splenic  artery,  is  found  to 
have  given  way. 

A  still  greater  danger  is  that  of  perforation  into  the  peritoneal  cav- 
ity. This  may  happen  whether  adhesions  have  been  set  up  between  the 
stomach  and  neighboring  organs,  or  not.  In  the  former  case  the  adhe- 
sions are  torn  asunder  and  the  contents  of  the  stomach  escape.  Fatal 
peritonitis  is  the  usual  result. 

The  organs  which  adhere  to  the  floor  of  the  ulcer,  such  as  the  pan- 
creas or  liver,  usually  exhibit  fibrous  thickening  and  hyperplasia  at  the 
surface  of  adhesion.  Notwithstanding  this  the  contents  of  the  stomach 
may  break  through  into  the  substance  of  the  organs,  and  give  rise  to 
abscesses  in  their  parenchyma.  Sometimes  adhesions  occur  between  the 
stomach  and  the  duodenum  or  transverse  colon.  When  perforation  takes 
place  in  such  a  case  a  fistulous  communication  may  be  opened  between 
the  intestine  and  the  stomach.  In  like  manner  rupture  into  the  pleural 
or  pericardial  sac  may  occur,  and  in  the  latter  case  may  lead  to  erosion 
and  perforation  of  the  heart-wall  itself  (Brenner,  W'ie?i.  med.  Woch.  48, 
1881). 

References  on  simple  gastric  ulcer  {ulcus  rotunduni): — Virchow,  Virch.  Arch. 
vol.  5;  Klebs,  Handb.  cl.  path.  Anat.  i. ;  Budd,  Organic  diseases  of  the  stomach 
London  1855;  Brinton,  Ulcer  of  the  s^omac/i  London  1857,  Diseasesof  the  stomach 
London  1864;  Fenwick,  The  stomach  and  duodenum  Liondon  1868;  von  Ziemssen, 
Sammlung  klin.  Vortrdge  no.  15;  Gerhardt,  Wiener  med,  Presse  1867;  GtiNS- 
BURG,  Arch.f.physiol.  Heilk.  xi.:  Key,  Hygeia  1870;  Wilson  Fox,  The  diseases 
of  the  stomach  London  1872.  with  reference  to  English  papers;  Panum,  Virch. 
Arch.  vol.  25;  COHNHEIM,  Allg.  Path.  ir.  Berlin  1882;  Korte,  ZurLdire  vomrund. 
Magengeschwiire  In.  Diss.  Strasburg  1875;  Leube,  Deut.  Arch.  f.  klin.  Med.  xviiL, 
Ziemssen's  Cyclop,  vii.,  with  references;  L.  MtJLLER,  Das  corrosive  Oeschwiir  des 
Magens  Erlangen  1880,  with  full  references;  Bottcher,  Dorpat.  med.  Zeitschr. 
1874;  Hauser,  Das  chronische  MagengeschwiXr  Leipzig  1883;  Wiktorowsky, 
Virch.  Arch.  vol.  94.  Quincke  and  Dattwyler  {Mittheil.  d.  Vereins  Schleswig- 
Holsteinscher  Aei'zte  18S0,  Deut.  med.  Woch.  6,  1882)  have  produced  gastric  ulcers 
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in  dogs  by  various  methods,  and  find  that  in  normal  conditions  repair  is  very  rapid; 
whereas  in  anaemic  or  debilitated  animals  it  is  delayed.  This  observation  entirely 
accords  with  clinical  experience.  Lesions  of  the  gastric  mucous  membrane  usu- 
ally heal  readily  and  rapidly;  it  is  only  when  some  local  or  constitutional  condi- 
tion impedes  the  process  of  repair  that  progressive  digestion  or  solution  of  the 
injured  tissue  is  set  up,  and  the  gastric  ulcer  assumes  its  typically  chronic  and 
intractable  character. 

461.  Tumors  of  the  Stomach.  Carcinoma  is  by  far  the  com- 
monest and  most  important  of  the  new  growths  affecting  the  stomach. 

All  cancers  start  in  the  mucosa,  but  very  quickly  extend  to  the  sub- 
mucosa  (Art.  431);  in  this  way  it  is  frequently  found  that  the  main  mass 
of  the  growth  lies  beneath  the  mucosa  in  the  submucous  stratum.  Thence 
the  disease  invades  the  muscular  and  serous  coats  (Art.  431,  Fig.  174^). 
In  the  latter  it  usually  spreads  in  the  form  of  discrete  nodules  and  nodes, 
which  are  perceptible  from  without,  and  follow  the  course  of  the  lym- 
phatic vessels.  At  a  later  stage  it  may  invade  the  veins,  giving  rise  to 
carcinomatous  thromboses,  which  take  the  form  of  long  flat  elevations 
of  the  serous  surface,  lying  chiefly  about  the  pyloric  end  of  the  stomach. 

The  lymphatic  glands  situated  behind  the  lesser  curvature  soon  be- 
come enlarged,  and  are  often  transformed  into  huge  cancerous  nodes.  The 
disease  may  likewise  extend  to  the  omentum  and  give  rise  to  a  general 
thickening  of  its  tissue  or  to  irregular  tuberous  growths.  In  other  cases 
metastases  occur  in  the  peritoneum  generally,  and  in  the  liver,  lungs, 
etc.  The  liver  is  the  commonest  seat  of  the  metastatic  growths,  the 
germinal  elements  being  conveyed  by  the  portal  vein. 

Gastric  carcinoma  most  frequently  ■  takes  the  form  of  soft  fungous 
tumors  arising  from  the  pyloric  end  and  along  the  lesser  curvature; 
tumors  arising  from  the  fundus  and  general  or  diffuse  cancerous  infiltra- 
tion are  more  rare.  When  the  tumor  projecting  into  the  cavity  of  the 
stomach  has  attained  a  certain  size,  its  central  parts  usually  break  down 
and  a  carcinomatous  ulcer  is  produced.  Such  an  ulcer  is  distinguished 
by  its  raised  rampart-like  borders.  Its  floor  is  generally  formed  by  the 
submucosa,  which  is  thickened  by  fibrous  hyperplasia  or  cancerous  infil- 
tration.    The  former  is  a  result  of  chronic  irritative  inflammation. 

The  fibrous  tissue  of  the  muscular  and  serous  coats  is  often  the  seat 
of  extensive  hyperplasia,  causing  the  whole  of  the  affected  region  of  the 
stomach  to  appear  thickened  and  indurated.  A  very  similar  appearance 
may  be  due  simply  to  cancerous  infiltration. 

Occasionally  the  neoplastic  tissue  within  the  cavity  of  the  stomach 
becomes  entirely  disintegrated,  so  that  the  surface  of  the  ulcer  appears 
smooth  and  level.  When  in  such  a  case  the  stomach- wall  is  not  visibly 
beset  with  nests  and  clusters  of  cancer-cells,  but  is  simply  indurated  in 
consequence  of  fibrous  hyperplasia,  the  affected  region  may  wear  the 
look  of  a  simple  non-malignant  or  fibroid  induration.  Cases  occur  in 
which  no  cell-nests  are  to  be  made  out  even  when  the  tissue  is   micro- 
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ticopically  examined:  and  then  the  only  evidence  forthcoming  as  to  the 
cancerous  nature  of  the  disease  may  be  tlie  metastic  growths  to  which  it 
has  given  rise. 

462.  Five  chief  forms  of  gastric  cancer  are  distinguished  according  to 
their  iiistological  structure. 

(1)  Medullary  carcinoma  (Art.  173)  takes  the  form  of  soft  fungous 
excrescences  or  low  roanded  swellings,  chiefly  about  the  pyloric  end  of 
the  stomach.  As  the  central  parts  break  down  these  growths  give  place 
to  ulcers  with  raised  borders,  white  and  pulpy  in  appearance.  The  new 
growth  starts  in  the  gastric  glands.  Structurally  it  is  distinguished  by 
the  presence  of  an  extraordinary  number  of  cell-nests  or  loculi,  while  the 
stroma  is  but  slightly  developed.  Beneath  the  ulcer  the  wall  of  the 
stomach  is  nearly  always  indurated  or  infiltrated.  This  form  produces 
numerous  metastases. 

(2)  Destructive  adenoma  (adenocarcinoma,  Art.  169)  also  gives 
i-ise  to  soft  nodular  growths,  which  presently  break  down  and  ulcerate. 
The  neoplasm  is  distinguished  by  the  presence  of  tubular  gland-like 
structures,  which  often  possess  a  simple  cylindrical  epithelium  (Fig.  174 
A,  Art.  431),  and  thus  closely  resemble  normal  glands;  hence  the  term 
adenoma.  This  close  resemblance  is  however  generally  lost  as  the  dis- 
ease advances,  and  large  cell-nests  arise  from  the  tubular  structures, 
which  are  merely  covered  over  with  cylindrical  epithelium,  the  interior 
consisting  mainly  of  polymorphous  cancer-cells.  The  stroma  is  not 
abundant,  and  is  often  infiltrated  with  small  leucocytes.  As  the 
growth  ulcerates  its  base  almost  always  become  indurated  and  thickened 
by  fibrous  hyperplasia  or  cancerous  infiltration. 

(3)  Scirrhous  cancer  appears  in  the  form  of  diffuse  thickening  and 
induration  of  the  stomach-wall,  especially  the  pyloric  part  of  it.  The 
pylorus  itself  is  usually  more  or  less  constricted.  The  inner  surface  of 
the  diseased  region  is  covered  partly  with  thickened  mucous  membrane, 
partly  with  the  exposed  and  indurated  fibrous  tissue  belonging  to  the 
submucosa.  On  section  the  various  coats  are  distinguishable,  but  each 
is  more  or  less  thickened  by  fibrous  hyperplasia.  The  author  is  of 
opinion  that  so-called  scirrhus  is  often  nothing  but  induration  of  the 
stomach-wall,  partly  cancerous  and  partly  fibroid,  left  as  a  secondary 
result  of  the  ulcerative  disintegration  of  a  soft   cancer  (Art.  173). 

(4)  Colloid  or  gelatinous  cancer  takes  the  form  both  of  nodular 
swellings  and  of  diffuse  and  wide-spread  infiltration  of  the  stomach-wall. 
In  each  form  the  neoplasm  contains  patches  of  transparent  jelly-like  ap- 
pearance, or  consists  almost  entirely  of  colloid  substance.  The  growth 
often  spreads  to  the  peritoneum,  and  there  speedily  gives  rise  to  large 
semi-transparent  colloid  growths,  which  are  more  or  less  richly  supplied 
with  blood-vessels.  On  microscopic  examination  it  appears  that  the 
colloid  masses  are  partly  derived  from  the  cancer-cells,  partly  from  the 
fibrous  stroma  of  the  growth  (Art.  173,  Figs.  69  and  70).     Colloid  can- 
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cer  may  appear  in  very  young  patients,  wliile  the  otlier  forms  are  almost 
entirely  confined  to  persons  in  the  decline  of  life. 

(5)  Sqiuamous  epithelial  cancer  is  rarely  met  with  in  the  stomach. 
It  afEects  the  cardiac  end  and  the  neigboring  parts  of  the  oesophagus. 

The  connective-tissue  growths  of  the  stomach  have  very  little 
pathological  interest.  A  few  cases  of  nodular  sarcoma,  fibroma,  and 
myoma,  havo  been  recorded. 


CHAPTER  LIT. 

THE  INTESTINE. 

4G3.  Introductory.  The  intestinal  part  of  the  alimentary  canal  is 
that  within  which  especially  the  assimilable  parts  of  the  food  are  absorbed, 
and  so  reach  the  lymphatics  and  blood-vessels.  The  intestine  (according 
to  some  authorities)  contains  no  new  or  specifically  distinct  variety  of 
secreting  glands,  and  its  mucous  membrane  yields  no  specific  secretions. 
On  the  other  hand  its  absorbing  surface  is  greatly  increased  by  being 
thrown  into  a  multitude  of  villi  and  valvular  folds  and  tube-like  crypts 
or  pits. 

The  epithelium  consists  throughout  of  a  single  layer  of  cylindrical 
cells,  the  blood-vessels  and  lymphatics  extending  up  to  the  lower  surface 
of  the  epithelium. 

The  loose-textured  connective  tissue  of  tlie  mucosa  and  submucosa 
expands  at  many  points  into  a  still  looser  reticulum,  which  contains 
lymphoid  cells  in  abundance  and  so  constitutes  lymphadenoid  tissue. 
This  is  aggregated  into  single  nodules,  the  so-called  solitary  glands  or 
follicles,  or  groups  of  these  are  agminated  to  form  Peyer's  patches. 

It  is  scarcely  needful  to  point  out  that  it  is  from  the  mucous  surface 
that  the  intestine  is  most  exposed  to  injury.  Matters  constantly  pass 
into  it  from  the  stomach  which  react  harmfully  on-its  tissues,  and  the 
mujcous  membrane  is  the  first  part  to  be  attacked.  The  normal  contents, 
if  they  stagnate  and  so  become  altered  in  their  physical  or  chemical 
characters,  may  give  rise  to  various  morbid  conditions.  In  other  cases 
we  must  assume  tliat  specifically  noxious  matters  enter  the  canal  from 
the  mouth,  and  that  these  may  be  the  cause  of  certain  intestinal  disor- 
ders. Many  such  disorders  are  probably  due  to  specific  bacteria,  and  in 
some  of  them  these  have  been  actually  demonstrated. 

As  regards  the  affections  of  the  intestine  which  are  traceable  to  the 
circulation,  we  need  only  remark  that  the  intestinal  mucous  membrane 
like  others  is  liable  to  cedema  and  haemorrhage  in  the  mucosa  and  sub- 
mucosa, to  fatty  and  mucoid  degeneration  of  its  epithelium,  and  to 
amyloid  degeneration  of  its  connective  tissue. 

There  are  however  disorders  of  the  intestine  other  than  those  con- 
nected with  the  mucous  membrane,  and  affecting  the  viscus  as  a  whole. 
The  intestine  forms  a  freely  movable  tube  lying  in  the  abdominal  cav- 
ity; it  is  therefore  subject  to  misplacements  and  displacements  of  the 
18 
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"whole  (or  of  its  parts  in  relation  to  each  other)  which  may  give  rise  to 
serious  disturbances  of  its  function  and  may  even  imperil  the  integrity 
of  its  structure.  Disease  or  injury  may  also  afEect  the  intestine  from  its 
serous  or  peritoneal  surface. 

464.  Congenital  defects  and  misplacements.  Absence  of  the 
whole  or  of  a  large  portion  of  the  intestine  is  met  with  only  in  very  ill- 
developed  acardiac  monsters.  Minor  deficiencies,  constrictions,  and  oc- 
clusions, are  somewhat  commoner.  The  anal  region  is  that  which  is 
oftenest  imperfectly  developed.  The  allantoid  cloaca  may  persist,  that 
is  to  say  the  intestine  and  the  bladder  open  into  a  common  chamber  or 
orifice.  In  such  cases  the  bladder  is  frequently  unclosed  and  the  lower 
bowel  absent,  so  that  the  ileum  communicates  directly  with  the  cloaca. 
In  less-marked  cases  there  is  merely  an  imperfect  separation  of  the  rec- 
tum from  the  urogenital  sinus,  into  which  latter  the  genital  and  urinary 
canals  open  in  the  foetus.  The  anus  itself,  which  is  developed  from  an 
invagination  of  the  external  skin,  is  wanting,  and  the  condition  is 
described  as  atresia  ani  or  imperforate  anns :  and  according  as  the 
lower  end  of  the  bowel  is  connected  with  the  bladder,  the  urethra,  or 
the  vagina,  the  atresia  is  distmguished  as  vesical,  urethral,  or  vaginal. 
When  the  rectum  is  completely  separate  from  the  urogenital  sinus,  al- 
though not  in  communication  with  the  anal  invagination,  we  have  sim- 
ple atresia  ani:  the  rectum  is  usually  ill-developed. 

The  formation  of  abnormal  septa  in  the  continuity  of  the  intestine  is 
much  more  rare  than  atresia  of  its  anal  extremity. 

Abnormal  shortness  or  length  of  the  canal  is  on  the  other  hand  a 
much  commoner  anomaly. 

As  common  perhaps  is  the  existence  of  what  is  called  Meckel's  di- 
Yerticalum  (Art.  9).  This  is  a  cylindrical  or  flask-shaped  appendage, 
attached  to  the  ileum  about  a  metre  or  more  above  the  ileo-ctecal  valve; 
it  is  a  remnant  of  the  omphalo-mesenteric  duct.  In  rare  cases  it  is  con- 
nected by  a  cord  with  the  umbilicus,  and  in  still  rarer  cases  it  opens  on 
the  exterior  just  below  the  umbilicus.  Its  structure  is  the  same  as 
that  of  the  small  intestine. 

When  the  abdominal  wall  is  congenitally  fissured  or  sacculated,  coils 
of  intestine  may  lodge  in  the  openings  so  produced.  Apiece  of  intestine 
lodged  in  a  sacculation  of  the  peritoneum  is  spoken  of  as  a  hernia  (Art. 
465),  and  a  coil  or  other  portion  which  escapes  to  the  exterior  through 
an  opening  is  called  a  prolapse. 

But  apart  from  these  protrusions  the  intestine  is  very  frequently 
misplaced,  especially  when  some  segment  of  it  is  abnormally  short  or 
long.  Owing  to  its  normally  fixed  position  displacements  of  the  colon 
are  the  most  easily  recognized.  The  csecum,  for  instance,  varies  much 
in  position;  it  may  lie  either  below  or  above  the  line  joining  the  anterior 
superior  spines  of  the  ilia.  The  level  of  the  hepatic  and  splenic  flexures 
differs  much  in   different  persons.     Tlie  length  of  the  sigmoid  flexure 
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and  of  the  transverse  colon  is  very  variable.  In  some  cases  the  latter 
may  be  absent  altogether,  the  ascending  and  descending  portions  lying 
side  by  side  on  the  right  of  the  abdomen. 

Enterocystomata  (Roth,  Virch.  Arch.  vol.  86)  are  structures  allied  to  the 
congenital  diverticula  of  the  intestine.  They  are  closed  sacs  filled  with  liqiiid, 
and  exhibiting  the  same  structure  as  the  walls  of  the  bowel.  Two  forms  may 
be  distinguished— (1)  cysts  due  to  the  sacculation  and  abstriction  of  portions  of 
an  otherwise  normally  developed  intestine  :  (2)  cysts  due  to  some  abnormality  of 
development  in  the  ffjetus.  These  latter  may  in  reality  be  portions  of  the  in- 
testine of  a  rudimentary  twin  and  therefore  teratoid  in  character,  or  depend  on 
the  closure  and  separation  of  an  anomalous  diverticulum  such  as  Meckel's.  They 
may  increase  greatly  in  size  from  accumulated  secretion,  and  then  become  dis- 
placed from  their  original  site. 

465.  Acquired  deformities  and  displacements.  Abdominal  hernia 
or  'rupture'  in  the  stricter  sense  implies  the  escape  from  the  abnominal 
cavity  of  some  part  of  its  normal  contents  either  to  the  exterior  or  into 
some  other  cavity  of  the  body. 

In  external  hernia  some  viscus  which  is  covered  with  peritoneum 
escapes  outwards  through  a  normal  opening  which  has  become 
abnormally  dilated,  pushing  before  it  the  subperitoneal  structures  and 
the  skin.  The  protruded  layer  of  the  parietal  peritoneum  forms  the 
hernial  sac.  It  can  be  absent  only  when  the  peritoneum  has  been  torn 
or  when  the  displaced  viscus  is  extraperitoneal  (such  as  part  of  tiie 
bladder  or  caecum)  and  protrudes  directly  through  some  opening  in  the 
fascia  or  muscles  of  the  abdominal  wall.  The  other  tissues  which  are 
forced  outwards  with  the  hernia  are  spoken  of  as  the  accessory  cover- 
ings of  the  hernial  sac.  The  inner  layer  or  covering  consists  of  the  sul>- 
peritoneal  cellular  tissue,  which  is  usually  thickened  and  toughened 
(peritoneal  fascia).  In  femoral  and  inguinal  hernia  the  true  fascia 
(fascia  propria)  comes  next,  and  is  continuous  with  the  fibrous  structures 
bounding  the  orifice  in  the  abdominal  wall  through  which  the  hernia 
has  escaped.  At  first  the  hernial  sac  is  simply  globular  or  saucer- 
shaped  ;  when  fully  developed  it  is  in  general  flask-shaped.  The  nar- 
rower part  of  the  sac  where  it  is  gripped  by  the  structures  of  the  orifice 
is  called  its  neclf.  The  peritoneum  is  drawn  into  radial  folds  as  it 
passes  towards  the  neck  of  the  sac. 

The  contents  of  a  hernia  are  very  various.  Most  commonly  they 
consist  of  a  part  of  the  omentum  or  small  intestine,  less  commonly  the 
c^cum  or  colon,  and  still  less  commonly  other  viscera  such  as  the 
ovaries,  bladder,  stomach,  liver,  etc.  Very  large  ruptures,  such  as  occur 
in  the  inguinal  region,  may  include  the  greater  part  of  the  contents  of 
the  abdomen,  more  especially  the  bowels.  When  a  portion  only  of  the 
intestinal  wall  or  Meckel's  diverticulum  is  included  we  have  a  case  of 
what  is  called  Llttr^'s  hernia  (Littre,  Memoires  de  VacacL  royale 
1700). 
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In  a  large  number  of  hernias  the  sac  is  ah-eadj  formed  before  the 
viscera  escape.  Thus  inguinal  hernia  may  occur  by  the  passage  of  the 
intestine  into  the  persistent  vaginal  process  of  the  peritoneum  which  is 
continuous  with  the  tunica  vaginalis  of  the  testicle.  This  is  usually  the 
case  in  what  is  called  infantile  or  congenital  hernia. 

Hernia  may  also  arise  in  consequence  of  some  external  stretching  force 
by  wliich  the  peritoneum  is  dragged  outwards.  Thus  a  lipoma  growing 
in  the  septum  crurale,  and  pressing  outwards  as  it  increases  in  size,  may 
drag  upon  and  sacculate  the  peritoneum  Avhich  is  firmly  attached  to 
the  septum.  Something  of  the  same  kind  takes  place  in  umbilical 
hernia. 

Lastly,  some  local  diminution  of  the  resistance  of  the  abdominal 
wall,  or  the  giving  way  of  muscles  or  fascias  and  the  relaxation  of  the 
peritoneum,  may  cause  the  latter  to  become  sacculated  under  the  pres- 
sure of  the  respiration. 

The  following  varieties  of  external  hernia  may  be  distinguished. 

(1)  Inguinal  hernia.  This  takes  place  in  the  groin,  and  is  due  either  to  the 
congenital  patency  of  the  vaginal  process  of  the  peritoneum  after  the  descent  of 
the  testicle,  or  to  a  secondary  protrusion  of  the  peritoneum  in  the  inguinal  canal. 
In  obliq^ue  or  external  inguinal  hernia  the  neck  of  the  sac  passes  down  the  canal 
from  the  internal  to  the  external  ring  ;  in  direct  or  internal  inguinal  hernia  the 
the  peritoneum  is  pushed  from  within  directly  through  the  external  ring.  In 
oblique  hernia  the  orifice  of  the  sac  lies  to  the  outer  side  of  the  internal 
epigastric  artery,  in  direct  hernia  the  orifice  lies  to  the  inner  side  of  the  artery. 
Inguinal  hernia  may  reach  a  large  size  and  contain  the  greater  part  of  the 
bowels.     It  is  the  coinmonest  of  all  varieties,  especially  in  men. 

(2)  Femoral  or  crural  hernia-  This  is  due  to  the  protrusion  of  the 
peritoneum  beneath  Poupart's  ligament  through  the  opening  closed  by  the 
septum  cruraJe  and  traversed  by  the  great  femoral  vessels.  It  is  a  common 
variety,  especially  in  women. 

(3)  Obturator  hernia.  In  this  the  sac  passes  with  the  obturator 
nerve  and  artery  through  the  obturator  or  thyroid  foramen  of  the  innominate 
bone. 

(4)  Ischiatic  hernia.  Here  the  protrusion  is  through  the  ischiatic  notch 
beneath  the  gluta^us  maximus  :  it  is  rare. 

(5)  Perineal  hernia.  Here  the  sac  escapes  between  the  anterior  fibres  of 
the  levator  ani  :  it  is  also  rare. 

(6)  Umbilical  hernia.  This  is  either  congenital,  consisting  of  a  protrusion 
through  the  unclosed  umbilical  ring  into  the  root  of  the  cord  (Art.  9),  or 
acquired,  and  is  then  due  to  the  separation  of  the  fibres  of  the  linea  alba  at  the 
umbilicus  and  dilatation  of  the  orifice  so  formed.  It  may  contain  intestine  or 
omentum  only.  The  acquired  form  is  most  commonly  met  with  in  women  who 
have  borne  children. 

(7)  Ventral  hernia.  This  is  due  to  the  general  relaxation  or  stretching  of  the 
fibrous  structures  of  the  front  of  the  abdominal  wall,  so  that  the  peritoneum 
protrudes  between  the  muscles  which  are  thrust  asunder. 

466.  When  a  hernia  is  once  established,  further  changes  in  the  parts 
usually  follow.  The  hernia  may  increase  in  size  by  the  inclusion  of  more 
of  the  abdominal  contents.     The  sac  stretches  and  becomes  thinner,  or 
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new  portions  of  the  peritoneum  are  dragged  into  it.  In  consequence 
of  tlie  slight  mcclianical  lesions  to  which  the  hernia  is  exposed  a  certain 
amount  of  inflammation  is  usually  set  up.  The  sac  thereby  thickens 
and  the  folds  of  peritoneum  at  the  neck  cohere  so  that  the  channel  of 
communication  between  the  sac  and  the  abdominal  cavity  becomes 
thick-walled  and  inextensible.  The  serous  covering  of  the  included  in- 
testine, and  its  mesentery,  and  of  the  omentum,  become  thickened  in 
like  manner.  Lastly,  adhesions  maybe  set  ujd  between  different  parts 
of  the  sac,  or  between  different  loops  of  intestine  and  the  sac-wall.  The 
omentum  is  very  apt  to  adhere  to  the  sac. 

These  changes  very  rarely  indeed  lead  to  cure  by  the  closure  and  ob- 
literation of  the  empty  sac;  on  the  contrary  they  usually  make  matters 
worse.  The  thickening  and  adhesions  of  the  serous  surfaces  diminish 
by  degrees  the  mobility  of  the  included  viscera.  The  neck  of  the  sac  be- 
comes narrower,  constricting  its  contents  more  and  more.  At  length 
the  contents  can  no  longer  be  returned  to  the  abdomen;  the  reducible 
hernia  has  become  irreducible.  When  the  contents  of  a  hernia  (reduci- 
ble or  not)  are  so  constricted  or  compressed  that  the  included  intestine 
becomes  impervious  and  its  circulation  seriously  impaired,  the  hernia  is 
said  to  be  strangulated  or  incarcerated. 

Strangulation  or  incarceration  may  be  due  to  simple  narrowing  of 
the  neck  of  the  sac  or  of  the  orifice  through  which  it  passes;  or  it  may 
arise  from  inflammatory  constriction  of  the  intestine  within  the  sac;  or  a 
loop  of  intestine  within  the  sac  may  slip  between  two  edges  or  bands  of 
false  membrane  or  into  a  gap  in  an  included  piece  of  omentum;  or  a 
piece  of  omentum  may  be  squeezed  into  the  neck  of  the  sac  and  so  com- 
press the  intestine;  and  so  on. 

A  narrow  orifice,  a  band  of  false  membrane,  etc.,  may  strangulate  a 
loop  of  intestine  without  any  abnormal  distention  of  the  latter  by  its  con- 
tents. This  may  happen  suddenly,  for  example,  when  the  intestine  is 
forced  through  a  narrow  orifice  by  an  unusually  deep  respiration.  This 
is  sometimes  referred  to  as  'elastic'  strangulation.  More  often  how- 
ever the  strangulation  is  dependent  on  some  increase  of  the  intestinal 
contents,  the  orifice  of  the  sac  being  narrow;  this  may  be  called  '  f«cal' 
strangulation.  The  faeces  accumulating  in  one  coil  of  the  intestine 
within  the  sac  compress  the  other  included  coils  in  such  a  way  as  to  nip 
them;  stoppage  or  stasis  of  the  contents  takes  place  and  the  peristaltic 
movements  are  interfered  with  (Kochee).  Presently  the  first  coil  is 
nipped  in  like  manner,  as  the  distended  intestine  presses  up  against  the 
narrow  neck  of  the  sac. 

When  a  coil  of  intestine  or  a  part  of  the  omentum  is  constricted  and 
strangulated,  disturbances  of  the  circulation  almost  always  take  place. 
The  venous  effiux  is  impeded,  and  engorgement,  transudation,  and 
liasmorrhage  result.  The  coil  becomes  jjurple  and  swollen,  and  liquid 
gathers  in  the  sac;  and  these  factors  conspire  to  intensify  the  strangulation. 
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If  nothing  is  done  the  intestine  sooner  or  later  becomes  gangrenous, 
and  violent  inflammation  of  the  hernial  sac  ensues.  The  intestine  be- 
comes discolored,  turning  brown  or  bluish-black;  at  the  point  of  strangu- 
lation it  is  paler  and  somewhat  grayish.  Presently  perforation  takes 
place,  and  at  the  boundary  between  the  living  tissue  and  the  dead,  that 
is  at  the  inner  border  of  the  strangulating  constriction,  definitive  suppu- 
ration is  set  up. 

467.  Incarceration  of  the  intestine,  with  obstruction  and  stasis  of  the 
faeces,  may  occur  within  the  abdomen  as  well  as  in  an  external  hernia. 
This  has  been  called  internal  strangulation  or  intestinal  obstruction. 

In  the  first  place  it  must  be  remembered  that  within  the  peritoneal 
cavity  there  are  pouches  or  recesses  of  peritoneum  not  visible  outwardly, 
which  are  either  normal  or  dependent  on  congenital  anomalies.  In  these 
pouches  coils  of  intestine  may  become  incarcerated  as  in  external 
hernias,  and  they  are  sometimes  spoken  of  as  cases  of  internal  hernia. 
Among  such  pouches  we  may  mention  the  lesser  or  omental  sac  of  the 
peritoneum  bounded  by  the  stomach,  pancreas,  liver,  and  spleen,  and 
communicating  with  the  greater  sac  through  the  foramen  of  Winslow; 
the  duodeno-jejuna]  fossa,  between  the  upper  part  of  the  mesentery  and 
the  spine;  the  subcsecal  fossa,  on  the  mesial  side  of  the  caecum;  and 
the  intersigmoid  fossa,  beneath  the  mesocolon  of  the  sigmoid  flexure. 
Coils  of  intestine  may  slip  into  and  be  incarcerated  in  any  of  these 
pouches.  The«duodeno-jejunal  fossa  may  indeed  enclose  the  whole  of 
the  small  intestine  (retroperitoneal  hernia). 

In  rare  instances  sacculations  of  the  diaphragm  may  contain  coils 
of  intestine,  giving  rise  to  diaphragmatic  hernia.  Cases  are  more  com- 
mon in  which  abdominal  viscera  escape  into  the  thorax  through  actual 
rents  in  the  diaphragm  (Thoma,  Vircli.  Arch.  vol.  88). 

Sometimes  in  consequence  of  plastic  inflammation  false  membranes 
and  adhesions  are  formed  within  the  abdomen,  and  if  these  enclose 
gaps  or  pouches,  internal  incarceration  may  occur.  If  the  opening 
through  which  the  coil  of  intestine  slips  is  narrow,  or  if  the  coil  is  nipped, 
stasis  and  all  the  other  symptoms  of  strangulation  may  be  produced. 
The  like  may  happen  when  the  omentum  or  the  mesentery  contains 
abnormal  perforations  or  gaps. 

Another  cause  of  intestinal  obstruction  is  twisting  of  the  bowel  on 
itself,  or  toItuIus.  It  can  occur  only  in  the  more  movable  parts  of  the 
tract,  and  is  due  partly  to  peristaltic  movements,  especially  when  the 
tube  is  very  unequally  distended,  and  partly  to  external  violence,  such  as 
a  blow  on  the  abdomen.  The  twist  occurs  at  the  mesenteric  attach- 
ment, the  two  limbs  of  the  coil  crossing  each  other  over  the  mesentery. 
The  channel  of  the  intestine  is  occluded  and  the  mesenteric  circulation 
stopped.  Untwisting  is  prevented  by  the  weight  of  the  distended  coil 
and  the  pressure  of  the  rest  of  the  abdominal  contents. 

Twisting  of  the  sigmoid  flexure  or  of  the  small  intestine  may  result 
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in  a  kind  of  knotting  between  the  two,  the  attached  end  of  the  twisted 
coil  of  one  part  becoming  encircled  by  a  loop  of  the  other. 

4G8.  Stenosis  and  atresia  are  not  infrequently  the  result  of  inflamma- 
tion of  the  wall  of  the  intestine  itself.  The  serous  coat  may  become  in- 
flamed, and  so  indurated,  cicatrized,  and  contracted;  or  ulcerative 
inflammation  of  the  mucous  membrane  may  result  in  the  formation  of 
new  fibrous  tissue,  which  subsequently  contracts.  Carcinomatous  nlcers, 
the  floors  of  which  tend  to  become  indurated  and  contracted  (Art.  478), 
may  have  the  same  effect;  while  tumors  and  other  growths  developing 
within  the  canal  or  pressing  on  it  from  without  may  obstruct  and  ulti- 
mately occlude  it. 

Dilatation  of  the  intestine  is  most  commonly  due  to  retention  of  fae- 
ces, or  other  contents  such  as  flatus.  Tumors,  and  abnormal  relaxation 
or  softness  of  the  wall,  may  also  give  rise  to  dilatation. 

Usually  all  the  coats  are  dilated  together;  sometimes,  however,  the 
muscular  structures  are  here  and  there  pushed  aside,  and  the  mucous 
and  submucous  coats  bulge  through,  producing  sacculations  or  false  di- 
verticula of  various  sizes.  Sacculations  may  also  be  due  to  the  bulging 
of  the  wall  in  its  whole  thickness. 

Perforation  of  the  bowel  is  in  general  due  to  some  localized  textural 
change,  especially  to  uleration  of  the  mucous  surface,  necrosis,  or  soften- 
ing occasioned  by  suppuration  in  the  neighborhood  of  the  part.  Perfo- 
ration may  of  course  be  caused  by  mechanical  violence. 

The  result  of  perforation,  unless  the  lips  of  the  wound  immediately 
close,  is  local  or  general  peritonitis  due  to  the  escape  of  faeces.  The  per- 
itonitis is  localized  when  by  previous  inflammation  adhesions  have  been 
set  up  around  the  point  of  perforation.  If  faeces  escape  into  the  portion 
of  the  peritoneum  so  circumscribed  a  fsecal  abscess  is  produced;  this 
may  break  either  outwardly  or  into  another  part  of  the  intestine. 

469.  A  not  uncommon  kind  of  displacement  or  dislocation  of  the  in- 
testine is  that  known  as  intussusception.  In  this  a  higher  part  of  the 
bowel  slips  into  or  is  invaginated  by  a  lower,  rarely  the  reverse.  Recent 
intussusceptions  are  most  frequently  met  with  in  the  small  intestine  in 
young  children,  especially  in  those  who  have  died  of  cerebral  or  intesti- 
nal affections. 

The  extent  of  the  invagination  varies  much.  "Where  the  intestine  is 
very  loose  and  movable  a  very  considerable  length  of  it  may  be  involved. 
Thus,  for  example,  the  lower  portion  of  the  ileum  with  the  csecum  may 
be  thrust  into  the  colon,  and  work  downwards  until  the  ileo-caecal  valve 
reaches  the  sigmoid  flexure  or  even  the  rectum. 

The  mesentery  being  severely  dragged  upon  and  its  vessels  compressed, 
the  invaginated  portion  of  the  bowel  becomes  highly  hypersemic  and 
oedematous.  Presently  inflammation  is  set  up,  and  this  may  lead  to  ad- 
hesions between  the  enclosed  and  enclosing  segments;  necrosis  and  gan- 
grene usually  ensue.     It  is  a  comparatively  favorable  issue  when  the 
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whole  of  the  invaginated  segment  necroses  and  separates  so  as  to  be  cast 
ofE  completely;  the  upper  portion  becoming  adherent  and  its  channel 
continuous  with  that  of  the  lower,  recovery  may  and  in  some  cases  does 
take  place. 

The  cause  of  intussusception  is  not  certainly  made  out.  According 
to  LEiCHTEisrsTERi^  it  depends  on  paresis  or  partial  paralysis  of  a  limited 
portion  of  the  bowel.  When  this  occurs  an  energetic  peristaltic  move- 
ment of  the  portion  immediately  above  may  thrust  the  latter  into  the 
flaccid  or  paralyzed  portion;  and  then  continued  peristalsis  rapidly  in- 
creases the  invagination. 

Prolapse  of  the  bowel  implies  its  escape  through  some  normal  or 
abnormal  opening.  The  anus  is  the  only  possible  normal  opening,  and 
through  it  the  rectum  may  protrude. 

Prolapsus  reti  (or  ani)  occurs  during  violent  straining  at  stool,  espe- 
cially when  the  intestine  is  relaxed  by  chronic  inflammation.  The  pro- 
truding bowel  forms  a  kind  of  tumor  covered  with  mucous  membrane;  it 
often  becomes  inflamed  or  gangrenous,  particularly  in  cases  where  by  ad- 
hesions or  constriction  the  prolapse  has  become  irreducible. 

479.  Non-specifle  inflammations.  The  varieties  of  inflammation 
described  in  Arts.  420-428  are  all  met  with  more  or  less  frequently  in 
the  intestine.  Catarrhal  inflammation  (intestinal  catarrh)  or  enteritis 
is  especially  common.  The  catarrhal  secretion  may  be  serous,  mucous, 
purulent,  or  of  some  intermediate  kind.  In  the  colon  the  amount  of 
mucus  secreted  is  sometimes  enormous.  Catarrhal  enteritis  is  usually  an 
acute  disorder  and  ends  in  complete  recovery.  But  in  many  cases  the 
acute  forms  as  well  as  the  chronic  leave  behind  them  permanent  struc- 
tural change  in  the  intestine. 

Even  in  the  milder  forms  the  connective  tissue  lying  between  the 
crypts  of  Lieberkiihn  becomes  infiltrated  with  liquid  and  extravasated  cells. 
The  epithelial  cells  pour  out  an  excessive  quantity  of  mucus,  and  become 
loosened  from  their  sub-structures  or  fall  away  altogether.  According  to 
BoHM  desquamation  of  the  epithelium  is  characteristic  of  poisoning  with 
arsenic  and  with  some  substances  of  the  muscarin-group.  If  this  process 
goes  too  far  or  lasts  too  long,  the  lost  epithelium  fails  to  be  reproduced 
and  the  intestinal  wall  becomes  atrophied.  When  slight  such  atrophy  is 
not  apparent  to  the  unaided  eye,  or  at  most  it  gives  the  wall  an  unusu- 
ally smooth  and  level  appearance.  Under  the  microscope  the  glandular 
layer  of  the  mucosa  is  seen  to  be  thinned  and  wasted.  The  crypts  may 
lose  a  half  or  two-thirds  of  their  deph,  and  the  villi  of  the  small  intestine 
are  slender  and  stunted. 

After  an  attack  of  ulcerative  catarrh,  in  which  not  only  the  epithe- 
lium but  the  underlying  connective  tissue  is  injured  or  destroyed  (Art. 
421,  Fig.  167),  the  atrophy  is  usually  much  more  marked.  The  ulcer- 
ated portion  of  the  bowel  is  covered  with  mucus,  pus,  and  whitish  granu- 
lations and  shreds  of  tissue;  these  last  are  simply  the  necrosed  remains 
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of  the  f^landnlar  layer,  which  lias  become  infiltrated  and  broken  down. 
The  ulceration  is  in  fact  associated  with  diphtheritic  necrosis  of  the 
mucous  membrane,  and  in  such  cases  not  only  the  upper  layer  but 
the  whole  of  the  glandular  mucosa  may  perish,  leaving  the  muscularis 
mucosre  covered  with  nothing  but  a  film  of  nucleated  connective  tissue 
(Art.  417,  Fig.  165). 

The  muscularis  mucosa  as  a  rule  is  very  slightly  altered.  Its  un- 
striped  fibres  arc  only  in  rare  cases  found  to  be  thinned,  or  atrophied, 
or  fatty.  The  submucosa  is  generally  unchanged;  when  the  ulceration 
goes  deep  it  may  be  infiltrated  with  leucocytes  or  thickened  from  subse- 
quent fibrous  hyperplasia. 

The  lymphadenoid  follicles  are  in  the  slighter  forms  of  catarrh  but 
little  affected;  at  most  they  are  somewhat  enlarged.  Sometimes  in  sup- 
purative or  ulcerative  inflammations  they  are  more  markedly  altered, 
and  may  then  perish  by  suppuration,  giving  rise  to  what  is  called  folli- 
cular catarrh.  They  may  leave  behind  small  pitted  ulcers  known  as 
follicular  ulcers. 

Catarrh  ending  in  atrophy  is  commonest  in  the  large  intestine,  and 
especially  in  the  caecum.  Nothnagel  found  that  in  80  per  cent  of  the 
adults  ho  examined  there  were  traces  of  atrophy  in  the  large  intestine, 
at  times  confined  entirely  to  the  ctecum.  The  ascending  colon  came 
next  as  regards  frequency,  and  then  in  diminishing  order  the  lower  part 
of  the  ileum,  the  remainder  of  the  colon,  the  upper  part  of  the  ileum, 
and  the  jejunum.  In  children  intestinal  atrophy  is  often  met  with, 
following  on  acute  and  subacute,  as  well  as  on  chronic,  catarrh. 

The  muscular  coat  is  usually  unaffected,  but  here  and  there  it  may 
be  atrophied,  or  in  catarrh  from  venous  engorgement  it  may  be  hyper- 
trophied  (Nothnagel).  It  is  not  very  liable  to  degeneration,  but  some- 
times as  in  phthisis  it  is  found  to  be  fatty  (Wagner).  Lastly,  there  is 
a  congenital  form  of  atrophy,  a  hypoplasia  of  the  muscularis  which  is 
not  made  up  in  later  life  (Nothnagel). 

In  chronic  catarrh  atrophy  is  occasionally  associated  with  the  de- 
velopment of  hyperplastic  growths.  They  take  the  form  of  indurations 
of  the  submucosa  or  polypous  excrescences  rising  from  the  mucosa. 
When  fully  developed  these  last  consist  of  fibrous  tissue  enclosing  a  few 
remains  of  glandular  structures,  which  here  and  there  are  degenerated 
into  closed  cysts. 

Diphtheritic  and  croupous  inflammations  occur  chiefly  in  the 
colon  and  in  the  lower  part  of  the  small  intestine.  The  diphtheritic 
form  closely  resembles  ulcerative  catarrh,  and  is  not  easily  distinguished 
from  it.  The  intensely  red  and  swollen  membrane  is  covered  with  a 
thin  but  tough  film  or  a  broad  continuous  slough  (Art.  472).  This  form 
is  sometimes  at  least  due  to  specific  infection. 

Croupous  inflammation  is  rarely  very  extensive,  though  now  and  then 
considerable  portions   of   the  bowel  are  found  to  be   red   and   highly 
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swollen  and  covered  with  a  thin  flaky  fibrinous  deposit.  Small  circum- 
scribed croupous  exudations  are  more  frequently  met  with,  associated 
with  ulcerative  catarrh  and  diphtheritic  necrosis. 

References: — ^Wagner,  Arch.  d.  Heilk.  ii.  (1868);  Kundrat,  Gerhardfs  Hand- 
buch.  d.  Kinderkr.  iv.;  Whitehead,  Brit.  med.  Journ.  1,  1871;  Woodward, 
Med.  and  surg.  history  of  the  War  of  the  Rebellion  Part  ii.  vol.  1  (medical  his- 
tory) Philadelphia  1879  (with  references);  Damaschino,  Maladies  des  voies  diges- 
tives Paris  1880;  KussMAULand  Maier,  Arch.  f.  hlin.  Med.  iv.;  Schwarck,  Croup 
and  Diphtheritis  d.  Darmcanals  In.  Diss.  Bonn  1880;  Leube,  Ziemssen's  Cyclop. 
vil. ;  NoTHNAGEL,  Zeitschr.  f.  hlin.  Med.  iv.  (1882). 

471.  Inflammations  of'  the  bowel  have  received  various  names  ac- 
cording to  the  particular  parts  affected.  Several  of  these  local  inflam- 
mations exhibit  peculiarities  depending  on  the  anatomical  relations  of 
their  respective  seats.     The  chief  of  them  are  the  following. 

(1)  Duodenitis,  or  inflammation  of  the  duodenum,  is  usually 
associated  with  inflammation  of  the  stomach.  It  not  infrequently  leads 
to  obstruction  at  the  mouth  of  the  bile-duct,  and  thereby  to  retention  of 
bile  and  jaundice  (catarrhal  jaundice). 

The  duodenum  is  also  the  seat  of  simple  or  perforating  ulcer  corre- 
sponding to  perforating  ulcer  of  the  stomach,  and  like  it  dependent  on 
digestive  corrosion  (Kraus,  Das  'perforirende  GescliwiXr  im  Duodenum 
Berlin  1865). 

(2)  Ileitis,  inflammation  of  the  ileum,  is  often  marked  by  the 
swelling  and  prominence  of  the  solitary  and  agminated  follicles.  The 
former  appear  as  reddish  or  grayish  protuberant  nodules,  the  agminated 
follicles  as  flat  elevations,  grayish-red  or  pink  in  color  and  pitted  with 
numerous  little  depressions.  When  these  follicles  break  down  they 
leave  behind  them  follicular  ulcers. 

(3)  Typhlitis  and  perityphlitis  imply  inflammation  of  the  vermi- 
form appendage  and  the  ] tarts  around  it. 

The  vermiform  appendage  is  peculiarly  adapted  to  catch  and  retain 
substances  passing  through  the  cgecum.  Matters  which  have  been  swal- 
lowed— such  as  grape-seeds,  apple-pips,  cherry-stones,  and  the  like — 
and  faeces,  may  accumulate  in  the  appendage  and  set  up  inflammation. 
Sometimes  these  become  crusted  over  with  phosphates  and  carbonates 
and  so  form  faecal  concretions  or  calculi  (entroliths,  Art.  479).  The 
inflammation  thus  set  up  may  extend  to  all  the  coats  of  the  appendage 
and  then  attack  the  contiguous  structures,  and  in  this  way  necrosis  and 
gangrene  with  perforation  may  be  caused.  The  issue  differs  in  different 
cases.  It  is  comparatively  favorable  if  the  inflammation  continues  to  be 
circumscribed,  while  the  exudation  is  moderate  in  amount;  protective 
adhesions  and  false  membranes  may  thus  be  formed  about  the  affected 
spot.  It  is  very  unfavorable  when  perforation  takes  place  before  ad- 
equate adhesions  are  formed;  fatal  peritonitis  is  nearly  always  induced. 
When  perforation  takes  place  into  a  part  of  the  peritoneum  shut  off  by 
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adhesions  a  burrowing  fjBcul  ubsccss  is  produced,  wliicli  may  burst  in- 
ternally or  externally.  Sometimes  the  appendage  is  entirely  obliterated 
by  adhesive  inflammation;  but  if  the  inner  or  intestinal  end  becomes 
closed  while  the  remainder  continues  to  be  patent,  the  natural  mucous 
secretion  may  collect  in  the  latter  and  distended  it  into  a  cyst. 

Typhlitis  and  perityphlitis  are  sometimes  due  to  the  extension 
by  continuity  of  inflammation  already  existing  in  more  distant  ])arts 
of  the  caecum  or  colon.  Tuberculous  and  typhoid  ulceration  localized 
in  the  vermiform  appendage  may  give  rise  to  dangerous  lesions. 

(4)  Colitis,  or  inflammation  of  the  large  intestine,  is  somewhat 
common.  Its  peculiarities  have  already  been  referred  to  (Art.  470). 
The  exciting  causes  are  very  various.  Sometimes  it  is  due  to  the 
stoppage  and  accumulation  of  faeces  forming  hard  masses  or  scybala, 
sometimes  to  septic  infection,  sometimes  to  a  specific  poison  as  in 
dysentery  (Art.  472). 

(5)  Proctitis  is  an  inflammation  of  the  rectum.  In  many  points 
it  resembles  inflammation  of  the  vermiform  appendage.  Foreign 
matters  and  stagnating  feeces  are  frequently  the  exciting  agents  ;  but 
disturbance  of  the  circulation  in  the  hsemorrhoidal  veins  may  likewise 
end  by  inducing  inflammatory  change  in  the  bowel. 

Proctitis  often  results  in  the  formation  of  ulcers,  and  of  fibroid 
hyperplasia  taking  the  form  of  induration  of  the  rectal  wall  or  of 
polypous  excrescences.  The  inflamed  surface  is  usually  covered  with 
a  muco-purulent  exudation.  When  the  inflammation  and  ulceration 
extend  deeply  into  the  tissues  of  the  wall  of  the  bowel,  the  surrounding 
connective  tissue  becomes  infiltrated  and  hyperplastic,  or  breaks  down 
into  abscesses  containing  fcstid  pus  (periproctitis).  The  ulcers  of 
the  mucosa  and  submucosa  come  in  this  way  to  communicate  with 
burrowing  sinuses  and  fistulous  tracks  extending  into  the  surrounding 
parts,  which  are  called  incomplete  or  blind  internal  fistulse.  Circum- 
scribed or  enclosed  periproctal  abscesses  may  break  outwardly,  and  then 
constitute  blind  external  fistulse.  Fistulae  which  communicate  both 
with  the  rectum  and  with  the  exterior  are  called  complete  rectal  fistulse 
or  fistulse  in  ano.  They  become  covered  with  a  kind  of  factitious 
mucous  membrane.  Fistulas  occasionally  communicate  with  the  bladder 
or  vagina. 

Specific  poisons  like  those  of  syphilis,  tuberculosis,  and  dysentery, 
and  cancer  in  the  ulcerative  stage,  may  give  rise  to  morbid  changes  of  a 
similar  kind.  There  may  even  be  periproctitis  without  any  antecedent 
rectal  ulceration,  especially  in  connection  with  pyaemia,  typhoid,  acute 
rheumatism,  and  puerperal  septicaemia. 

References  on  typhlitis  and  perityphlitis : —  Matterstock,  Gerhardfs 
Handb.  d.  Kinderkr.  vi.;  Bierhoff,  Arch.  f.  klin.  Med.  xxxvu. ;  Cornil,  Arch, 
de  physiol.  1873  ;  Wolfler,  Arch.  f.  klin.  Chir.  xxi. ;  Steiner,  Zur  path.  Anat. 
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ri!.  Wurmfortsatzes  Basle  1882  ;  Ceisp,  Trans.  Path.  Soc.  1858  (foreign  bodies  in 
the  appendage). 

472.  Specific  inflammations.  Dysentery  is  an  inflammatory 
affection  of  the  large  intestine,  due  to  the  action  of  a  specific  virus.  The 
exact  nature  of  the  virus  is  unknown,  hut  it  is  probably  bacterial.  The 
affection  is  epidemic,  endemic,  or  sporadic  in  its  occurrence.  The 
changes  set  up  in  the  intestine  closely  resemble  certain  non-specific 
inflammations  of  the  colon,  especially  such  as  depend  on  retention  of 
fgeces  or  accompany  septic  poisoning.  For  this  reason  the  exact  signi- 
ficance of  the  term  dysentery  is  not  easily  fixed,  inasmuch  as  it  is  often 
impossible  to  say  from  the  post-mortem  appearances  whether  these  are 
the  result  of  specific  infection  or  not.  Moreover  it  is  not  impossible 
that  the  so-called  endemic  dysentery  of  different  countries  may  be  really 
due  to  different  specific  poisons. 

The  intensity  and  extent  of  the  dysenteric  inflammation  varies  in 
different  cases.  It  may  be  restricted  to  the  rectum,  sigmoid  flexure, 
and  descending  colon,  or  it  may  reach  up  to  or  a  little  beyond  the  ileo- 
caecal  valve.  Often  too  in  the  same  case  the  various  parts  of  the  tract 
are  variously  affected. 

In  recent  cases  the  mucous  membrane  is  highly  congested  and 
swollen,  and  generally  beset  with  minute  extravasations  of  blood.  The 
epithelial  surface  is  overlaid  with  a  glairy  blood-streaked  mucus.  This 
presently  becomes  more  slimy  and  blood-stained,  and  interpersed  with 
the  flaky  fibrinous  shreds  and  films  (described  in  Art.  470)  which  indi- 
cate the  beginning  of  superficial  necrosis  of  the  mucous  membrane. 
Soon  the  necrosis  is  made  sufficiently  evident  by  the  appearance  of 
erosions  and  losses  of  substance. 

We  might  perhaps  distinguish  a  catarrhal  and  a  diphtheritic  form 
of  dysenteric  inflammation,  but  in  practice  the  one  passes  insensibly 
into  the  other  and  the  distinction  is  inappreciable.  In  slighter  cases 
the  necrosis  and  loss  of  substance  are  at  first  merely  superficial  (Fig. 
177  /") ;  but  the  deeper  structures  are  successively  attacked,  and  in 
severe  cases  the  greater  part  or  the  whole  of  the  glandular  layer  of  the 
mucous  membrane  at  particular  spots  may  perish.  The  necrotic  tissue  is 
reduced  to  a  turbid  granular  mass,  in  which  the  structural  elements  and 
the  nuclei  of  the  cells  soon  cease  to  be  recognizable.  The  parts  which 
undergo  necrosis  seldom  cover  any  great  extent  of  surface,  and  are 
often  confined  to  the  prominent  ridges  and  folds  of  the  mucous 
membrane  ;  these  look  dirty-gray  or  black,  while  the  intervening  parts 
are  still  livid  or  dark-red.  In  other  cases  the  necrotic  tissue  takes  the 
form  of  a  flaky  more  or  less  adherent  coating,  or  more  rarely  of  broad 
continuous  sloughs.  The  underlying  tissue  is  in  all  cases  densely 
infiltrated  with  cells  (d^).  The  infiltration  may  extend  through  the 
entire  thickness  of  the  submucosa  (e),  and  may  at  length  invade  the 
muscular  layers. 
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The  lyinphtideiioid  follicles  take  part  in  the  process,  and  frequently 
ulcerate.  Occasionally  the  mucosa  is  undermined  by  suppuration  be- 
neath it,  and  in  this  way  broad  patches  of  the  tissue  are  separated  and 
cast  off. 

When  the  mucosa  is  removed,  open  ulcers  are  of  course  left  behind. 
These  vary  much  in  their  depth  and  extent;  sometimes  over  a  great  part 
of  the  bowel  the  mucous  membrane  remains  only  in  narrow  strips  and 
islands. 

The  affection  may  come  to  a  standstill  at  various  stages  of  its  course, 
and  repair  then  begins.  The  slighter  cases,  in  which  but  little  substance 
is  lost,  are  naturally  the  readiest  to  heal;  but  a  certain  amount  of  atrophy 
of  the  mucosa  always  remains.  When  the  ulcerative  process  has  gone 
further,  atrophic  cicatrices  are  left  to  mark  the  site  of  the  injury.     lu 
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Fig.  177. 


a,  mucosa. 
6,  submucosa. 

c,  muscularis. 

d,  intererlandular,  and 


Section  through  the  colon  from  a  case  of  dysentery. 
(Hcematoxylin  staining  :  X  25.) 

e,  infiltration  of  the  submucosa. 

y,  superficial  glandular    layer,  infiltrated    and 

separating. 
g,  ulcer,  the  floor  of  which  is  infiltrated. 


subglandular 
mucosa. 


infiltration     of    the 


severe  cases  accompanied  by  great  destruction  of  tissue,  in  which  the 
acute  specific  inflammation  is  succeeded  by  chronic  inflammation,  the 
whole  structure  of  the  bowel  is  altered  in  a  remarkable  way.  Over  broad 
areas  the  glandular  layer  is  almost  or  altogether  absent;  the  deeper  layers 
of  the  mucosa  and  submucosa  look  coarse  and  dense  and  indurated;  the 
eonnecti^^e  structures  are  hyperplastic;  and  the  other  coats  are  likewise 
tough,  thickened,  and  unyielding.  The  channel  of  the  intestine  is  usu- 
ally narrowed,  often  so  much  so  that  a  finger  can  hardly  be  introduced. 
The  mucous  membrane  is  only  recognizable  in  isolated  patches  here  and 
there,  and  these  not  infrequently  assume  the  form  of  papillary  or  polypous 
outgrowths  from  the  general  surface. 
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In  the  scarred  and  indurated  portions  of  the  bowel  the  submucous  con- 
nective tissue  (and  that  of  the  mucosa  if  any  remains)  is  thicker  and 
denser  than  normal,  and  often  shows  signs  of  cellular  infiltration.  There 
may  be  no  trace  of  the  intestinal  glands  remaining,  or  only  their  lower 
parts;  while  in  some  places  portions  of  the  glandvilar  layer  which  have 
been  separated  and  abstricted  by  the  invading  fibrous  tissue  may  become 
distended  with  secretion,  and  form  small  cysts  lined  within  with  cylin- 
drical epithelium.  The  muscular  coats  are  traversed  by  dense  bands 
of  coarse  fibrous  tissue.  A  certain  amount  of  chronic  inflammation,  ac- 
companied by  muco-purulent  discharge,  is  often  kept  up  long  after  the 
acute  disorder  is  at  an  end;  this  constitutes  what  is  sometimes  called 
chronic  dysentery,  or  by  the  older  authors  coeliac  flux. 

The  author  had  the  opportunity  of  examining  certain  cases  in  which  epidemic 
dysentery  had  proved  fatal  in  an  early  stage,  and  was  able  to  demonstrate  the 
presence  of  multitudes  of  micrococci  in  the  affected  tissues.  They  were  found 
not  only  in  the  necrotic  patches,  but  also  in  the  neighboring  unattacked  portions 
of  the  mucosa.  They  lay  partly  beneath  the  glands  of  the  mucosa,  partly  in  the 
lymphatics  of  the  submucosal  that  is  to  say  in  tissue  which  was  still  to  all  ap- 
pearance sound.  In  these  cases  it  would  appear  that  the  micrococci  were  con- 
cerned in  the  causation  of  the  disease.  Prior  {Cent.  f.  Min.  Med.  17,  1883)  re- 
cords similar  observations.  In  other  cases  which  seemed  precisely  similar  no 
micrococci  could  be  discovered.  For  example,  none  were  found  in  the  case  of 
the  five  natives  of  Tierra  del  Fuego  who  died  of  dysentery  at  Zurich  in  March 
1882  (compare  Seitz,  Virch.  Arch.  vol.  91). 

473.  Epidemic  or  Asiatic  cliolera  is  characterized  anatomically  by 
the  presence  of  an  acute  inflammation  extending  over  the  whole  of  the 
intestine,  accompanied  by  an  enormously  copious  transudation  of  liquid 
through  the  mucous  membrane. 

In  cases  which  prove  fatal  in  the  first  two  or  three  days  the  bowel  is 
found  to  contain  a  great  quantity  of  a  turbid  grayish  inodorous  alkaline 
liquid,  often  mingled  with  minute  shreds  and  flakes — the  so-called  '  rice- 
water'  stools.  The  mucous  membrane  is  moist,  pink,  injected,  and 
swollen.  Sometimes  the  serous  surface  is  dull  or  opaque.  The  epi- 
thelium separates  within  a  few  hours  after  death.  The  follicles  of  the 
small  intestine  are  swollen,  and  gray  or  bright  pink  in  color.  Apart 
from  the  epithelial  desquamation  which  is  mainly  a  post-mortem  phenome- 
non, microscopic  examination  reveals  only  a  somewhat  intense  cellular 
infiltration  of  the  mucosa  and  submucosa,  and  sometimes  even  of  the  se- 
rous coat. 

When  death  does  not  occur  till  a  later  stage  of  the  disease,  the  ap- 
pearance of  the  intestine  is  notably  different.  The  contents  are  scanty 
and  less  liquid,  and  at  the  same  time  they  show  more  signs  of  the  pres- 
ence of  bile.  The  mucous  membrane  is  pale  or  slate  colored,  or  it  may 
be  injected  and  beset  with  minute  hsemorrhages.  Ulcers  occur,  especially 
in  the  colon  and  lower  part  of  the  ileum.  Sometimes  the  large  intestine 
has  almost  the  same  look  as  in  dysentery  (Art.  472). 
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The  special  virus  of  cholera  is  as  yet  unknown. 

Koch  and  others  have  found  peculiar  bacilli  in  the  intestinal  mucous  mem- 
brane of  the  cholera  patients,  but  they  liave  failed  to  reproduce  the  disease  in 
animals  by  inoculation  or  otherwise.  The  experiments  and  observations  hitherto 
made  leave  the  question  of  the  genesis  of  the  disease  unsettled.  For  summaries 
of  the  reports  of  the  French  and  German  Commissioners  sent  to  Egypt  in  1883 
see  Practitioner  (March  1884)  aad  Brit.  med.  Journ.  (2,  1883  and  1,  1884). 

474.  Typhoid  (or  enteric)  fever  is  an  infective  disease,  due  (ac- 
cording to  Klebs,  Ebert,  and  Koch)  to  the  invasion  of  a  specific  ba- 
cilhis  (Art.  20(i). 

The  morbid  changes  in  typhoid  appear  chiefly  in  the  lower  part  of 
the  ileum  and  the  tipper  part  of  the  colon;  they  are  seldom  met  Avith 


/ 


/ 


^^^\         J\    f^^ 


^^^8 


.^:i 
^^^V 


—9 


Fig.  178.    Section  theodgh  the  mabgin  of  a  Peyek's  patch  from  a  case  of  typhoid  fever. 
(Aniline-hrown  staining:  x  15.) 
a,  mucosa.  (aj  6i  Cj  d,  ej,  the  same  layers  infiltrated  and 


6,  submucosa. 

c,  internal  muscular  coat. 

d,  external  muscular  coat. 

e,  serous  coat. 


swollen). 
, ,  crypts  cut  through  transversely. 
g,  lymphadenoid  foUicles. 


much  higher  or  much  lower  in  the  intestine.  Tlie  changes  consist  es- 
sentially of  a  necrotic  inflammatory  infiltration  of  the  follicular  struc- 
tures and  the  parts  around  them,  accompanied  by  a  catarrhal  inflamma- 
tion of  the  rest  of  the  mucous  membrane. 

In  the  first  few  days  of  the  attack  the  mucous  membrane  of  the  lower 
part  of  the  ileum  and  its  agminated  glands  of  Peyer's  patches  are  in- 
tensely congested  and  uniformly  swollen.  Soon,  the  swelling  of  the 
patches  becomes  more  marked,  raised  and  winding  ridges  not  unlike  the 
cerebral  evolutions  in  miniature  appearing  on  their  surface.  The  swell- 
ing extends  more  or  less  quickly  over  the  whole  of  each  patch,  so  that  it 


644  THE    ALIMENTARY    TRACT. 

has  in  general  the  look  of  a  raised  bed  or  garden-plot  projecting  above 
the  general  surface.  When  the  swelling  is  at  its  height  the  ridges  are 
generally  levelled  np  as  it  were,  and  are  no  more  distinguishable;  the 
surface  of  the  patch  is  then  smooth  or  pitted  with  minute  depressions 
corresponding  to  the  sites  of  the  individual  follicles.  The  solitary  folli- 
cles form  rounded  nodules  by  virtue  of  the  same  process. 

"When  this  stage  (of  swelling)  is  complete  the  patches  and  follicles, 
which  at  first  were  bright-red  in  color,  become  pale  and  creamy-white. 

The  swelling  of  the  patches  and  follicles  is  chiefly  due  to  the  extreme 
cellular  infiltration  of  the  mucosa  (Fig.  178  aj  and  submucosa  (SJ.  The 
glands  (/■)  of  the  mucosa  are  thereby  thrust  assunder  and  displaced,  and 
the  villi  are  likewise  infiltrated  and  swollen.  The  submucosa  underly- 
ing the  patches  is  uniformly  infiltrated  (^J.  In  the  earlier  stages  the 
several  follicles  (g)  within  the  infiltrated  region  are  still  distinct  and 
recognizable,  but  they  are  presently  merged  and  lost  in  the  general  as- 
semblage of  lymphoid  cells  and  leucocytes,  extravasated  and  other. 

The  muscular  and  serous  coats  (c^  d^  ej  are  also  invaded  by  the  extra- 
vasated cells,  though  in  a  less  marked  degree. 

The  number  of  swollen  patches  and  follicles  varies  much.  Often 
but  a  small  number  or  even  a  single  one  is  markedly  affected;  while  in 
other  cases  the  affection  extends  upwards  to  the  jejunum  or  downwards 
to  the  anus. 

In  the  second  week  of  the  disease  partial  disintegration  and  necrosis 
of  the  swollen  patches  usually  sets  in.  Tlie  disintegration  attacks  the 
whole  of  the  central  part  of  the  patch,  or  two  or  more  parts  of  it  simul- 
taneously. The  surface  quickly  assumes  a  frayed  or  ragged  appearance 
and  becomes  yellow  or  brown  from  the  action  of  tbe  bile.  Gradually 
the  disintegrated  tissue  or  slough  becomes  loosened  at  its  base  and  edges 
from  the  surviving  structures,  and  in  a  few  days  is  cast  off. 

After  the  separation  of  the  sloughs,  an  erosion  or  typhoid  ulcer  is 
left,  the  floor  of  which  generally  looks  smooth  and  clean.  The  borders 
of  the  ulcer  are  at  this  stage  still  swollen  and  infiltrated. 

The  ulcers  usually  remain  coextensive  with  or  very  slightly  overpass 
the  area  of  the  infiltrated  patches  and  follicles  ;  they  rarely  invade  the 
tissue  beyond.     Oases  however  occur  in  which,  especially  around  the 
ileo-csecal  valve,  extensive  tracts  of  mucous  membrane  are  attacked  and 
disintegrated  by  the  advance  of  the  ulcerative  process.     In  the  vertical 
direction  it  seldom  goes  beyond  the  mucosa  and  submucosa.     It  is  only 
when  the  infiltration  of  the  muscular  coats  has  been  extreme  that  they  \ 
too  break  down  and  ulcerate.     In  exceptionally  severe  inflammation  the  c 
serous  coat  also  may  be  attacked,  but  never  to  the  same  extent  as  the  e 
overlying  layers  ;  perforation  and  fatal  peritonitis  may  occur  in  such  a 
case. 

The  processes  of  absorption  and  repair  begin  at  various  stages  of  the 
disease.     If  no  necrosis  takes  place,  the  swelling  of  the  patches  goes 
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down  as  the  infiltruted  miitcriul  is  iibsorbcd  :  tlie  patclies  tliereupon 
become  less  stiffly  turgid,  and  once  more  hyperasmic.  Red  corpuscles 
escape  from  the  damaged  vessels,  and  the  tissue  takes  on  a  red  or  blood- 
stained tint  which  presently  turns  to  a  slaty  gray.  The  infiltrated 
borders  of  the  typhoid  ulcers  become  reduced  and  softened  and 
hyperoemic  by  the  same  steps.  Often  enough  considerable  haemorrhage 
ensues,  leading  not  only  to  lijemorrhagic  infiltration  of  the  tissue  but  to 
actual  escape  of  blood  into  the  intestinal  canal.  As  the  healing  process 
goes  on  the  softened  and  overhanging  borders  of  tlie  ulcer  become 
adherent  to  the  floor  ;  the  latter  is  gradually  covered  over  with  delicate 
granulations,  and  soon  receives  an  investment  of  epithelial  cells. 

The  site  of  a  former  typhoid  ulcer  appears  for  a  long  time  after  as  a 
smooth  shallow  depression,  devoid  of  glands  and  follicles,  slaty-gray  in 
color,  and  situated  in  the  midst  of  a  Peyer's  patch  itself  discolored  in 
like  manner. 

The  characteristic  inflammation  of  the  lymphadenoid  structures  of  the 
intestine  in  typhoid,  is  sometimes  accompanied  by  an  inflammation  of  the  cor- 
responding mesenteric  glands.  They  are  at  first  red,  swollen,  and  cedematous 
Art.  336) ;  but  as  the  accumulation  in  them  of  leucocytes  and  lymphoid  elements 
becomes  more  marked  they  take  on  a  light-gray  tint.  The  swelling  either  sub- 
sides from  re-absorption  of  the  infiltrated  matters,  the  gland  becoming  soft  and 
hyperaemic  ;  or  it  terminates  in  partial  necrosis,  and  opaque  grayish  patches 
appear  within  the  substance  of  the  gland.  These  patches  may  likewise  be 
absorbed  at  a  later  stage,  but  they  often  become  caseous  or  calcified.  The  spleen 
is  usually  swollen,  and  inflammation  of  the  throat,  especially  affecting  the 
follicular  structures  of  the  pharynx,  is  not  an  uncommon  accompaniment. 

With  regard  to  the  bacillus  of  typhoid  see  the  references  in  Art.  206 ;  and 
also  Eberth,  Virch.  Arch.  vol.  83,  Samvil.  Min.  Vortrdge  no.  226 ;  Klein, 
Report  of  Med.  Off.  Loc.  Gov.  Board  1875  ;  W.  Meyer,  Untersucli.  iib.  d.  Bacillen 
d.  Abdoviinaltyphus In.  Diss.  Berlin  1882;  Wernich,  Zeitschr.  f.  Min.  Med.  iv.,  v.; 
Friedlander,  Sitzungsber.  d.  physiol.  Gesell.  zu  Berlin  1881 ;  Coats,  Brit.  Med. 
Journ.  1,  1882;  Crooke,  ibid.  2,  1882;  Letzerich,  Arch.  f.  exper.  Path,  xiv., 
Aetiologie  d.  Typhus  abdominalis  Leipzig  1883 ;  Gaffky,  Mitth.  a.  d.  Tc. 
Gesundheitsamte  Berlin  1884. 

475.  Tuberculosis  of  the  intestine  has  already  been  considered  in 
Art.  428,  so  far  at  least  as  the  minuter  tuberculous  tissue-changes  are 
concerned.  It  is  one  of  the  commonest  of  intestinal  diseases,  and 
chiefly  attacks  the  lymphadenoid  structures.  The  neighborhood  of  the 
ileo-cgecal  valve  is  the  region  most  frequently  affected,  but  often  enough 
the  whole  of  the  large  intestine  down  to  the  anus  becomes  tuberculous. 

At  first  a  little  nodule  covered  with  epithelium  protrudes  from  the 
surface  of  a  Peyer's  patch  or  over  a  solitary  follicle.  After  a  time  the 
centre  of  the  nodule  becomes  pale-yellow,  indicating  that  necrosis 
and  caseation  have  begun.  The  caseous  parts  break  down  and  a 
tuberculous  ulcer  (Fig.  179  h)  with  infiltrated  borders  is  formed. 
The  ulcer  is  minute,  but  soon  enlarges  as  it  coalesces  with  others  formed 
19 
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in  like  manner,  while  new  foci  of  disintegration  appear  in  its  gradually- 
advancing  borders. 

Ulcers  of  any  great  size  are  usually  very  irregular  in  their  outline. 
Some  are  rounded,  but  more  are  oval  or  at  least  elongated,  the  longer 
axis  being  transverse  to  the  axis  of  the  bowel:  others  again  are  sinuous 
and  spreading. 

The  borders  are  infiltrated,  but  in  the  larger  ulcers  not  uniformly  so. 
The  gray  or  reddish  raised  edge  is  here  and  there  beset  with  yellow  nod- 
ules, and  characteristic  gray  and  yellow  nodules  appear  on  the  floor. 
The  depth  of  the  ulcer  is  irregular,  and  sometimes  small  islands  of  unde- 
stroyed  mucous  membrane  rise  as  grayish-red  protuberances  from  its 
floor. 

Where  the  ulceration  is  extensive,  not  only  are  the  mucosa  and  sub- 


FiG.  179.    Tuberculosis  of  the  large  intkstink. 
{Bismarh-hrown  staining :  X  30.) 


o,  mucosa. 

b,  submucosa, 

c,  internal  muscular  coat. 

d,  external  muscular  coat. 

e,  serous  coat. 

/,  solitary  follicle. 


fir,  cellular  infiltration  of  the  mucosa, 
h,  tuberculous  ulcer. 
Tix,  tuberculous  abscess. 
I,  recent  or  gray  tubercle. 
I'l,  caseous  or  yellow  tubercle. 


mucosa  attacked  but  the  muscular  and  at  length  the  serous  coats  are  in-, 
vaded  by  the  tuberculous  infiltration.     On  the  serous  surface  the  gray 
tubercles  appear  in  groups  or  beaded  rows,  the  membrane  in  the  neigh- 
borhood being  red  and  injected. 

Only  in  rare  cases  does  tuberculous  ulceration  come  to  a  stand-still 
and  issue  in  cicatrization.  As  a  rule  it  advances  steadily,  involving 
more  and  more  of  the  bowel  until  the  patient  dies. 


TUMORS    OF    THK    INTKSTINK.  647 

470.  Syphilis  of  the  intestine.  Apart  from  the  mucous  patches 
frequently  met  with  about  the  anus  in  syphilitic  patients  (Art.  379), 
there  is  a  form  of  ulceration  of  the  rectum  also  due  to  syphilis  and  oc- 
curring chiefly  in  women.  It  extends  three  or  four  inches  up  the  bowel, 
and  is  usually  separated  by  a  distinct  line  from  the  healthy  mucous  mem- 
brane. The  ulcerated  surface  is  remarkably  uneven  and  irregular,  and 
is  generally  interspersed  with  strips  and  patches  of  more  or  less  under- 
mined epithelial  tissue.  The  borders  of  the  ulcer  are  undermined  in 
like  manner.  This  appearance  is  due  to  the  fact  that  the  inflammation 
attacks  chiefly  the  submucosa,  and  destroys  it  more  rapidly  than  the 
overlying  strata. 

The  ulcer  yields  an  abundant  purulent  secretion.  As  it  is  met  with 
almost  exclusively  in  women  suffering  from  syphilitic  disease  of  the  gen- 
ital organs,  it  is  probably  due  to  infection  conveyed  to  the  rectum  by  the 
secretions  escaping  fi-om  the  vagina.  Syphilitic  ulceration  of  the  colon 
or  small  intestine  is  extremely  rare. 

477.  IntestiuJil  mycosis  {enteromycons  hacteritica)  is  a  general 
term,  including  several  distinct  affections.  Strictly  speaking  it  is  appli- 
cable to  tuberculosis,  to  typhoid,  and  perhaps  to  some  forms  of  dysen- 
tery. Usually  however  it  is  confined  to  intestinal  anthrax,  and  to  various 
forms  of  meat-poisoning  (Arts.  204,  206)  by  which  changes  in  the  intes- 
tine not  dissimilar  to  those  of  typhoid  are  sometimes  produced. 

In  intestinal  anthrax  we  have  not  only  diffuse  and  wide-spread 
catarrh  of , the  bowel,  but  also  localized  changes.  These  take  the  form 
of  small  circumscribed  haemorrhagic  patches,  with  bluish-red  or  brown- 
ish-red borders  and  a  grayish  or  greenish  yellow  slough  in  the  centre. 
Sometimes  the  patch  and  the  slough  are  larger.  Bacilli  abound  in  the 
patches  and  in  the  surrounding  tissues,  especially  in  the  blood-vessels; 
and  also  in  the  swollen  lymphatic  glands  corresponding  to  the  affected 
parts. 

An  affection  of  the  bowel  having  exactly  the  same  microscopic  ap- 
pearance is  met  with  in  septicemic  affections.  In  the  case  of  a  patient 
with  disease  of  the  spinal  cord,  who  died  of  blood-poisoning  from  gan- 
grenous balanitis  and  cystitis,  the  author  found  the  large  and  small  in- 
testines beset  with  a  multitude  of  small  haemorrhagic  patches,  each  with 
its  central  slough  as  above  described. 

478.  Tumors  of  the  intestine.  The  tumor-like  inflammatory 
growths,  papillary  or  polypous  in  form,  have  been  referred  to  in  Art. 
470.  Non-inflammatory  polypi  of  the  same  type  are  also  met  with,  both 
congenital  and  acquired.  They  closely  imitate  the  normal  mucous  mem- 
brane in  structure,  though  their  glands  are  often  more  abundant  and  at 
the  same  time  more  branched  and  convoluted.  These  growths  are 
known  as  glandular  hyperplasias,  and  innocent  or  non- malignant 
adenomata.  They  are  rare  in  the  small  intestine,  but  common  enough 
in  the  rectum.     When  pressed  or  dragged  upon  the  pedicle  may  become 
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SO  elongated  that  the  polypus  protrudes  from  the  anus.  Individual 
glands  are  sometimes  occluded  and  distended,  giving  rise  to  small  cysts 
within  the  growth. 

Carcinoma  is  by  far  the  most  important  of  the  neoplasms  affecting 
the  intestine.  It  is  not  very  rare  as  an  intestinal  disease,  though  rarer 
than  carcinoma  of  the  stomach.  The  rectum,  the  sigmoid,  splenic,  and 
hepatic  flexures  of  the  colon,  and  the  caecum,  are  the  commonest  seats. 
Eectal  cancer  sometimes  extends  only  to  the  parts  about  the  anus,  but 
in  other  eases  it  invades  the  pelvic  and  abdominal  viscera. 

Carcinoma  of  the  small  intestine  is  rare,  but  in  the  duodenum  and 
especially  in  the  neighborhood  of  the  opening  of  the  bile-duct  it  is  some- 
what more  frequent. 

Intestinal  cancer  takes  the  form  of  soft  fungous  tumors  which  are 
solitary  and  sharply  circumscribed,  or  of  papillary  roughnesses  and  ex- 
crescences covering  a  considerable  area.  Infiltration  of  the  intestinal 
Avail  with  cancer-cells  usually  takes  place  at  an  early  stage,  and  leads  to 
thickening  and  induration.  If  this  extends  round  the  whole  circumfer- 
ence of  the  bowel,  it  is  transformed  into  a  thick-walled  rigid  tube;  the 
rectum  is  the  commonest  seat  of  this  indurative  change,  and  less  fre- 
quently the  colon. 

In  most  ]30st-mortem  examinations  of  cases  of  this  disease  we  find  the 
surface  of  the  neoplasm  already  broken  down,  leaving  a  cancerous  ulcer 
with  characteristically  infiltrated  borders.  But  sometimes  tho  borders 
likewise  are  disintegrated  and  eroded,  and  then  the  ulcer  has  quite  the 
appearance  of  an  ordinary  non-malignant  inflammatory  ulcer.  In  other 
cases  the  borders  and  floor  of  the  ulcer  become  scarred  over  and  shrunken, 
leading  sometimes  to  extreme  constriction  of  the  bowel:  this  is  particu- 
larly apt  to  occur  when  the  ulceration  extends  in  an  annular  form  round 
the  intestine. 

Carcinomata  of  the  intestine  are  of  various  histological  types.  One 
of  the  commonest  is  the  so-called  destructive  adenoma  or  adenocarcino- 
ma (Art.  169).  It  gives  rise  to  fungous  and  papillary  outgrowths  from 
the  mucous  membrane,  and  speedily  invades  the  submucous,  muscular, 
and  serous  coats.  The  smaller  tumors  consist  essentially  of  epithelial 
growths  resembling  tubular  glands  and  clothed  with  cylindrical  epithe- 
lium. At  later  stages  the  glandular  type  in  part  disappears,  and  large 
solid  cell-nests  are  formed,  with  cylindrical  epithelial  cells  are  at  the 
jDeriphery  only. 

Colloid  carcinoma  is  the  next  in  order  of  frequency,  especially  in 
the  rectum.  It  takes  the  form  of  large  gelatinous  growths,  covering  a 
great  extent  of  surface  and  infiltrating  the  intestinal  wall.  Simple  car- 
cinoma and  scirrhus  are  rarer  than  either  of  the  two  just  mentioned. 
Melano-carcinoma  occurs  almost  exclusively  in  the  rectum. 

When  a  cancer  of  the  intestine  breaks  down  and  ulcerates,  at  the 
same  time  invading  the  deeper  layers  of  the  wall,  it  generally  induces 
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inflammatory  changes  in  the  serous  coat.  Tliesc  lead  to  the  formation 
of  new  vascuUir  fibrous  tissue,  by  which  the  afEected  part  of  the  bowel  is 
bound  down  to  the  structures  around  it.  Perforation  of  the  intestine 
occurs  in  some  cases  as  a  result  of  cancerous  ulceration,  Metastatic 
growths  are  usually  met  with,  chiefly  in  the  lymphatic  glands,  peri- 
toneum, and  liver. 

Connective-tissue  growths  are  rare  in  the  intestine,  and  have 
much  less  significance  than  the  carcinomata.  Fibroma,  lipoma,  myoma, 
iingioma,  and  sarcoma,  have  been  observed. 

These  are  developed  from  the  mucosa  and  sub  mucosa,  and  in  part 
from  the  muscular  and  serous  coats.  When  they  protrude  as  polypi 
from  the  inner  surface  of  the  bowel  they  may  obstruct  the  passage,  or  by 
their  weight  drag  down  and  invaginate  a  portion  of  the  wall.  Peduncu- 
lated growths  may  be  dragged  upon  and  actually  torn  off  by  the 
peristaltic  action  of  the  bowel,  and  so  be  ejected  with  the  faeces. 

479.  Parasites  and  concretions.  The  vegetable  and  animal  para- 
sites which  infest  the  intestine  have  been  described  in  detail  in  the 
General  Pathological  Anatomy  (Arts.  182-250.) 

Among  the  vegetable  parasites  the  Schizomycetes  or  Bacteria  are 
undoubtedly  the  most  important.  The  bowel  perpetually  harbors  a 
multitude  of  these  fungi,  of  very  various  kinds.  Hence  it  is  diflScult  to 
say  how  far  the  various  intestinal  affections,  and  especially  the  inflam- 
mations, are  due  to  the  ordinary  microparasites  present  in  the  faeces,  and 
how  far  to  distinct  and  specific  forms.  As  we  have  indicated  in  the 
foregoing  Articles,  typhoid  fever,  tuberculosis,  anthrax,  and  perhaps 
cholera  and  acute  dysentery,  are  due  to  specific  bacteria. 

The  Schizomycetes  (Art.  183)  met  with  in  the  intestine  belong  to 
the  classes  of  Sphaerobateria  {Micrococci),  Microbacteria  {Bacterium 
termo),  and  Desmobacteria  {Bacilli,  Clostriditc?n).  In  rare  cases  the 
thrush-fungus  attacks  the  mucous  membrane,  but  in  the  intestine  the 
conditions  necessary  for  its  development  seldom  occur. 

Of  animal  parasites  the  following  may  be  enumerated.  They  are 
described  in  the  Articles  referred  to. 

Gercomonas  intestinalis,  Paramcedum  coli  (Art.  250). 

Tcenia  mediocanellata  or  saginata  (Art.  244). 

TcB7iia  solium  (Art.  241). 

Tcenia  nana,  Tcenia  cucunierina  (Art.  244). 

Bothrioceplialus  latus  (Art.  249). 

Ascaris  lumhricoides,  Ascaris  mystax  (Art.  228). 

Trichina  spiralis  (Art.  232). 

Triclioceplialus  dispar  (Art.  230). 

Oxyuris  vermicularis  (Art.  229). 

Anchylostoma  duodenale  or  Dochmius  duodenalis  (Art.  231). 

Of  loose  or  foreign  bodies  met  with  in  the  intestine,  the  only  ones 
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which  have  any  pathological    interest    are    those  which  are   produced 
in 

To  say  nothing  of  the  hardened  scybalous  masses  produced  by 
retention  of  fseces,  there  are  certain  stony  concretions  which  have 
received  the  name  of  enteroliths,  or  iutestinal  calculi.  They  are 
found  chiefly  in  the  caecum,  vermiform  appendage,  and  colon,  and  more 
rarely  in  the  small  intestine  ;  they  usually  lie  in  sacculations  or 
diverticula  of  the  wall.  Three  varieties  have  been  distinguished 
(Leichtenstern",  Ziemssen's  Cyclop,  vii.). 

(1)  Heavy  stony  stratified  concretions,  the  successive  layers  being 
white,  yellow,  and  brown.  These  consist  of  magnesium  phosphate, 
ammonio- magnesium  phosphate,  and  organic  matters.  They  are  seldom 
larger  than  a  chestnut,  and  are  generally  rounded  in  shape.  They 
frequently  contain  some  small  foreign  body  as  a  nucleus. 

(2)  Enteroliths  of  low  specific  gravity  and  irregular  form,  porous 
and  somewhat  elastic  in  texture.  They  consist  of  a  felted  mass  of 
indigestible  husks  and  other  vegetable  refuse,  intermingled  with  in- 
durated faeces  and  earthy  or  chalky  matters.  They  vary  in  size  from 
that  of  a  chestnut  to  that  of  an  orange. 

(3)  Stones  due  to  th§  long-continued  use  of  certain  mineral  drugs, 
such  as  chalk,  magnesia,  and  oxide  of  bismuth. 

In  addition  to  these,  which  are  formed  in  the  intestine  itself,  we  find 
gall-stones  which  have  escaped  from  the  bile-duct  (Art.  508). 

Such  concretions,  and  foreign  bodies  reaching  the  intestine  from  the 
exterior,  may  give  rise  to  partial  or  complete  obstruction  of  the  bowel. 
Bodies  lodging  in  the  pouches  of  the  rectum  frequently  do  so.  The 
result  is  of  course  stoppage  of  the  faeces  ;  and  with  this  sometimes  in- 
flammation, ulceration,  and  perforation  of  the  intestinal  wall. 

NoTHNAGEL  (Zeitsclir.  f.  Jclin.  Med.  iii.)  found  that  faeces  frequently  contain  a 
peculiar  kind  of  monad.  "When  dead  the  organisms  appear  as  round  sharp-con- 
toured spherules,  with  little  refracting  power.  When  alive  they  are  pear-shaped, 
with  an  actively-moving  flagellum  at  the  pointed  end.  They  change  their  form 
somewhat  rapidly.     In  all  probability  they  are  quite  harmless. 

On  enteroliths  and  intestinal  concretions  of  all  kinds  see  Leichtenstern 
(Ziemsseii's  Cyclopcedia  vil.).  In  horses  and  horned  cattle  these  are  met  with  far 
more  frequently  than  in  human  beings.  The  intestine  of  these  animals  always 
contains  fragments  of  vegetable  refuse  and  hairs  which  have  been  licked  off  and 
swallowed,  and  such  matters  form  a  nucleus  for  concretions  to  grow  about.  The 
true  calculi,  met  with  chiefly  in  horses,  are  hard  stony  balls  consisting  for  the 
most  part  of  magnesium  phosphate.  The  spongy  or  false  stones  consist  of  felted 
hairs  and  fibres  which  are  merely  crusted  over.  Balls  are  sometimes  found  com- 
posed entirely  or  almost  entirely  of  hairs;  these  go  under  the  name  of  hair  balls 
orbezoars  or  aegagropili  (from  ax|  aypioi  a  wild  goat,  rciXoi  felt).  In  ruminants 
they  usually  lie  in  the  cascum  or  colon,  in  swine  they  are  more  frequently  found 
in  the  small  intestine, 

Friedlander  {Berl.  med.  Gesellschaft  1882,  Lond.  med.  Record  1881)  recently 
reported  the  case  of  a  joiner  who  was  accustomed  to  suck  shellac- varnish,  and 
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whose  intestine  contained  a  concretion  consisting  almost  wholly  of  shellac. 
Alexander  {Liverpool  Med.-chir.  Journ.  1882)  removed  from  the  intestine  of  a 
fowl-dealer  a  bezoar  containing  a  felted  mass  of  downy  hairs  which  the  man  had 
licked  from  his  fingers  while  engaged  in  plucking  poultry. 

The  origin  and  composition  of  intestinal  calculi  and  concretions  have  been  re- 
cently studied  by  Schuberg  (Virch.  Arch.  vol.  90).  He  asserts  that  the  intestinal 
concretions  of  the  herbivora  consist  chiefly  of  carbonates,  while  those  of  the  car- 
nivora  are  phosphatic.  In  man  the  composition  of  these  stones  varies  with  the 
food  habitually  used. 

For  cases  see  Leichtenstern  (Zoc.  eit.);  Brookhottse,  Lancet  2,  1882;  Feltz, 
Bulletin  Sac.  din.  de  Paris  1881-82;  Ker,  Brit.  Med.  Joiirn.  2,  1881. 

According  to  Bienstock  (Fortschritte  d.  Medicin  1883)  the  fasces  in  health  con- 
tain various  forms  of  bacilli,  of  which  three  appear  to  have  no  effect  on  the  con- 
tents of  the  intestine;  while  another  induces  the  putrid  decomposition  of  albu-  • 
minoids  studied  by  Nencki,  Brieger,  Salkowski,  and  Bergmann  (Art.  191),  and 
another  effects  the  decomposition  of  carbohydrates.  Of  the  last  two  the  for- 
mer is  absent  in  the  faeces  of  suckling  infants.  Micrococci  are  absent  or  scanty 
in  healthy  faeces. 


SECTION  VIII. 

THE  LIVER  AND  PANCREAS. 
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CHAPTER  LT. 

PIGMENTARY  INFILTRATION   OF  THE   LIVER. 

480.  The  liver  is  the  largest  gland  in  the  body,  and  the  due  perform- 
ance of  its  functions  is  of  essential  importance  to  health.  Its  large  size 
brings  it  into  anatomical  relation  with  many  and  various  oi'gans,  and  as 
it  is  only  in  part  shielded  by  the  wall  of  the  thorax  it  is  exposed  to  direct 
injuries  from  without  which  modify  its  form  and  position,  and  it  maybe 
its  structure  and  function  also.  Its  peculiar  relations  to  the  vascular 
system  expose  it  to  injury  from  the  side  of  the  circulation,  and  that  in  a 
twofold  manner.  Noxious  matters,  in  the  first  place,  may  be  brought 
to  it,  as  to  other  organs,  by  the  blood  of  the  general  or  systemic  circula- 
tion; and,  in  the  second,  by  the  venous  blood  collected  by  the  portal  ves- 
sels from  the  alimentary  canal  and  spleen. 

The  capillary  system  of  the  liver  is  remarkably  elaborate  and  capa- 
cious. Morever,  the  portal  blood  circulates  under  very  low  pressure. 
The  circulation  within  the  liver  is  therefore  very  slow.  One  consequence 
is — that  foreign  substances  suspended  in  the  blood  are  very  apt  to  ba  de- 
posited in  the  liver  (Arts.  266-268),  and  this  is  true  of  the  arterial  blood 
(brought  by  the  hepatic  artery)  as  well  as  of  the  portal  blood.  Pigmen- 
tation or  pigmentary  infiltration  of  the  liver-substance  is  the  not  un- 
common result. 

When  the  blood  contains  any  considerable  quantity  of  disintegrated 
red  corpuscles,  or  of  the  colored  iron-compounds  referred  to  in  Art.  266, 
and  these  are  in  part  deposited  in  the  liver,  they  at  first  lodge  in  the 
capillaries  of  the  interlobular  connective  tissue  (Fig.  180  d)  or  in  the 
peripheral  or  portal  zone  of  the  lobules  {e).  Presently  they  escape  from 
the  vessels  and  appear  in  the  interlobular  connective  tisssue,  and  to  some 
extent  in  the  interior  of  the  liver-cells  (Art.  481).  When  the  quantity 
of  pigment  in  circulation  is  great  the  pigmentation  may  be  so  dense  that 
the  structure  of  the  tissue  is  completely  masked  by  it  (d);  the  biliary  cap- 
illaries, and  the  contours  of  the  liver-cells  at  the  periphery  of  the  lob- 
ules, being  no  longer  distinguishable. 

The  pigment  derived  from  disintegrated  blood-corpuscles  is  yellow, 
brown,  or  black,  and  the  tint  communicated  to  the  infiltrated  tissue  va- 
ries accordingly.  As  the  deposit  occurs  chiefly  if  npt  exclusively  about 
the  portal  or  interlobular  vessels  the  pigmented  patches  follow  their  dis- 
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tribufcion  (Fig.  180),  and  stand  out  in  marked  contrast  to  the  pale  or  un- 
pigmented  central  parts  of  the  lobules. 

If  the  blood  contains,  as  in  leuksemia,  an  excess  of  colorless  coi-pus- 
cles,  these  are  in  like  manner  deposited  in  large  numbers  in  the  liver  and 
give  rise  to  what  is  called  leuksemic  infiltration.  The  deposits  are  dis- 
tributed in  the  way  just  described,  and  are  sometimes  enormous  in 
amount.  The  liver  as  a  whole  becomes  swollen,  and  on  section  the  lob- 
ules appear  separated  from  each  other  by  a  broad  zone  of  grayish-white. 
Sometimes  nodular  aggregations  of  the  same  kind  accompany  the  general 
diffuse  infiltration;  and  the  connective  tissue  being  thereby  distended  and 


^^*^'ft 


^|#^ 
%-rK^^^^. 


Fig.  180.    Pigmentary  infiltration  op  the  livkr. 

{After   absorption   of  extravasated   blood;    carmine  staining,  mounted    in    Canada 

balsam:  x  20 ) 

a,  lobule  or  acinus.  d,  infiltrated  interlobular  connective  tissue. 

b,  serous  covering  (peritoneum).  e,  pigment  in  tlie  lobular  capillaries. 

c,  portal  vessels.  /,  intralobular  veins. 

loosened  into  a  sort  of  mesh-work,  the  nodules  have  exactly  the  look  of 
lymphadenoid  tissue. 

Noxious  as  well  as  innocuous  matters  may  in  like  manner  be  deposited 
in  the  liver  from  the  blood.     Of  these  microparasites  are  the  most  impor- 
tant, inasmuch  as  their  settlement  in  the  capillaries  may  give  rise  to  in-»|| 
flammation  and  necrosis  of  the  liver-substance  (Arts.  493,  494). 

Structure  of  the  liver.  To  understand  aright  the  morbid  changes  of  the 
liver  it  is  necessary  to  have  a  clear  and  accurate  idea  of  its  normal  structure. 
The  clue  to  this  lies  in  the  distribution  of  the  blood-vessels  within  the  organ. 
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The  hepatic  vein  forms  a  kind  of  tree  rising  from  the  vena  cava  as  a  base;  the 
terminal  branches  are  all  of  nearly  the  same  size  and  each  is  at  nearly  the  same 
distance  from  its  neighbors.  To  each  terminal  branch  (Fig.  180/)  belongs  a  sys- 
tem of  capillaries,  which  converge  from  all  sides  towards  the  branch.  The  sys- 
tem of  capillaries  belonging  to  each  branch  is  of  nearly  the  same  extent,  and  is 
grouped  about  the  branch  like  a  globular  fruit  round  the  central  stem.  The 
group  of  capillaries  corresponds  to  the  structural  unit  of  the  liver,  the  lobule  or 
acinus  (Fig.  180  a);  the  terminal  branch  or  stem  is  the  intralobular  or  central 
vein  (/). 

The  meshes  of  the  group  of  lobular  capillaries  are  occupied  by  liver-cells, 
in  such  a  way  that  each  cell  is  in  relation  to  several  capillaries,  and  each  capil- 
lary is  surrounded  completely  with  liver-cells.  When  seen  in  section  the  liver- 
cells  seem  grouped  in  columns  or  series,  alternating  with  the  capillaries:  these 
columns  are  sometimes  spoken  of  as  hepatic  trabeculse.  Where  two  or  more 
liver-cells  are  in  contact  the  minute  radicles  of  the  bile-ducts  take  their  rise.  A 
fine  groove  runs  along  the  surface  of  contact  of  each  cell,  and  the  gi-ooves  being 
apposed  an  intercellular  canal  is  thus  formed.  The  several  canals  intercommuni- 
cate and  so  give  rise  to  a  network  of  bile-capillaries.  The  number  of  lobules  is 
very  great.  In  the  human  liver  they  are  in  close  contact  with  each  other,  and 
the  lobular  capillary-system  of  one  in  general  communicates  freely  with  that  of 
its  neighbor.  This  is  however  not  always  the  case,  for  in  many  parts  the  lobules 
are  separated  by  a  space  filled  up  with  connective  tissue.  This  interlobular  con- 
nective tissue  is  called  the  '  capsule  of  Glisson,'  and  serves  first  of  all  as  a  connect- 
ing framework  for  the  several  lobules,  and  secondly  as  a  supporting  sheath  for 
the  vessels  which  bring  blood  (arterial  and  portal)  to  the  lobules  and  carry  bile 
away  from  them.  The  latter  vessels  or  bile-dacts  are  tubes  lined  with  cylindrical 
epithelium,  and  are  connected  with  the  intralobular  bile-capillaries  or  intercellu- 
lar bile-canals  already  described. 

The  blood-supply  of  the  liver  is  twofold;  there  is  an  arterial  system  and  a  por- 
tal system  of  vessels.  The  portal  vessels  run  between  the  lobules  (and  hence  are 
called  interlobular  veins),  and  deliver  their  blood  directly  into  the  lobular  capil- 
laries. The  arterial  blood  passes  in  the  first  instance  into  the  capillaries  which 
permeate  the  connective  tissue  of  the  capsule  of  Glisson  (vaginal  and  interlobular 
capillaries),  and  thence  passes  with  the  portal  blood  into  the  lobular  capillaries. 

Very  little  connective  tissue  accompanies  the  capillaries  as  they  pass  into  the 
lobules,  and  it  can  be  made  out  at  all  only  by  special  methods  of  examination. 
The  larger  lymphatics  lie  in  the  interlobular  connective  tissue  and  in  the  sheaths 
of  the  larger  blood-vessels. 

481.  The  liver  is  a  secreting  gland,  in  which  chemical  changes  of  a 
remarkable  kind  are  carried  out.  The  chief  products  of  these  are — the 
bile-acids  (glycocholic  and  taurocholic),  to  some  extent  derivatives  of 
albuminoid  or  proteid  bodies — bile-pigments,  whose  source  is  the  color- 
ing-matter of  the  blood — and  glycogen,  elaborated  from  the  carbohy- 
drates which  are  brought  to  the  liver.  A  series  of  interchanges  are  thus 
continually  going  on  between  the  glandular  substance  of  the  liver  and 
the  blood  which  circulates  through  it.  Matters  of  various  kinds  are 
taken  up  and  transformed  in  manifold  ways  within  the  liver-cells;  while 
some  substances  such  as  fat  are  simply  deposited  or  stored  in  the  cells, 
and  may  remain  unchanged  for  a  considerable  time.  As  certain  of  the 
normal  constituents  of  the  blood  are  transformed  and  secreted  by  the 
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liver,  so  also  abnormal  substances  circulating  in  the  blood  may  be  taken 
up  from  it  and  excreted  by  the  same  channel.  In  this  way  arsenic,  anti- 
mony, lead,  copper,  mercury,  and  sodium  indigosulphate,  are  separated 
from  the  blood  and  cast  out  of  the  body. 

In  consequence  of  the  work  thus  thrown  upon  the  liver,  it  not  infre- 
quently shows  signs  of  degenerative  change.  This  is  most  apparent 
when  from  any  cause  the  physiological  demands  upon  it  become  excess- 
ive. When  for  instance  in  pernicious  anaemia  (Art.  261)  the  disintegra- 
tion of  red  blood-corpuscles  is  greatly  increased,  we  have  not  only  the 
accumulation  of  pigmentary  detritus  around  and  within  the  lobules 
(Art.  480),  but  also  an  actual  infiltration  of  the  liver-cells  themselves 
(Fig.  181).  Cases  occur  in  which  almost  eveiy  cell  contains  yellow, 
brown,  or  orange  granules  of  pigment  containing  iron,  especially  along 
the  central  parts  of  the  trabeculae  where  the  intercellular  bile-canals 
run.     Qui]S"CKE  has   shown   that   the   liver-cells   also   enclose  colorless 


Fig.  181.    LrvKB-cELi.i  ixfiltba.tkd  with  yellow  pigment  feom  a  case  of  peenicious  an.emia. 
(Stained  with perosmic  acid  and  carmine:  X  350.) 

a,  pigment-granules. 

b,  ceLs  undergoing  fatty  degeneration  (oil-globules  stained  black). 

granules  containing  iron,  as  may  be  seen  by  the  greenish-black  tint  they 
assume  when  treated  with  ammonium  sulphide.  The  presence  of  the 
pigment-granules  is  generally  made  apparent  to  the  naked  eye  by  the 
pale  brownish-red  tint  they  impart  to  the  liver-substance. 

The  presence  of  these  iron-compounds  in  the  liver  can  be  explained 
only  by  supposing  that  the  excretion  of  the  products  of  blood-disintegra- 
tion through  the  liver  cannot  keep  pace  with  the  supply.  The  accumu- 
lation is  favored  by  the  fact  that  the  action  of  the  liver  itself  is  impaired 
in  consequence  of  the  general  anaemia.  In  extreme  cases  the  liver-cells 
become  fatty  as.  well  as  pigmented,  and  exhibit  multitudes  of  very  minute 
oil-globules  interspersed  through  their  substance  (Fig.  181  i). 

The  liver-cells  may  be  affected  injuriously  by  alterations  in  the  com- 
position of  the  blood,  other  than  those  due  to  its  pollution  with  the  pro- 
ducts of  its  own  disintegration;  and  the  connective  tissue  which  sheathes 
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and  supports  the  vessels  may  likewise  suiSfer  from  the  same  cause. 
Simple  disturbances  of  the  hepatic  circulation,  also,  may  of  course  lead  to 
disorders  of  the  nutrition  of  the  liver. 

Lastly,  morbid  changes  of  some  danger  may  arise  from  disorders 
primarily  affecting  the  biliary  channels  and  ducts.  The  mere  stoppage 
of  the  outflow  from  the  common  bile-duct  may  affect  the  liver  seriously, 
and  inflammation  of  the  bile-ducts  themselves  are  obviously  still  more 
dangerous  (Art.  512). 


OHAPTEE  LTI. 

MALFORMATIONS  AND  MALPOSITIONS  OF  THE  LIVER. 

482.  Malformations  of  the  liver  are  not  common  and  have  little 
clinical  importance.  Absence  of  the  organ  is  very  rare,  at  least  in  foetuses 
not  otherwise  gravely  malformed.  Abnormalities  in  the  number  of  the 
lobes,  either  by  excess  or  defect,  are  commoner.  In  a  few  cases  accessory 
livers  have  been  noted,  in  the  form  of  small  nodules  seated  in  the  sus- 
pensory ligament.  Absence  of  the  gall-bladder  has  been  several  times 
observed,  as  also  cases  of  abnormal  narrowness  or  width  of  the  bile-ducts 
and  abnormalities  in  the  opening  of  the  common  duct  into  the  intestine. 

Of  congenital  malpositions  the  most  notable  are  the  misi^lacement 
of  the  liver  on  the  left  side  instead  of  the  right  in  Situs  transversus 
viscerum  (Art.  11),  and  protrusion  of  the  organ  into  the  thorax  when  the 
diaphragm  is  defective,  or  to  the  exterior  when  the  abdominal  wall  is 
cleft. 

Acquired  deformities  are  very  frequently  the  result  of  textural 
changes  in  the  parenchyma  of  the  organ  (see  under  hepatitis  Art.  497, 
syphilis  Art.  499,  cancer  Art.  503),  or  of  changes  in  the  surrounding 
parts.  Thus  tight-lacing,  by  which  the  lower  part  of  the  thorax  is  vio- 
lently compressed,  gives  rise  to  a  characteristic  deformity  of  the  liver. 
The  surface  in  contact  with  the  lower  ribs  is  indented  and  its  fibrous 
capsule  is  white  and  thickened,  while  the  liver-tissue  beneath  is  atrojohied 
or  gone  altogether  (Art.  485).  When  the  indentation  is  deep  the  right 
lobe  is  completely  divided  into  a  larger  upper  lobe  and  a  smaller  lower 
one;  and  in  extreme  cases  the  lower  lobe  becomes  freely  movable  on  the 
upper,  and  sometimes  turns  upwards  as  on  a  hinge. 

The  outer  surface  of  the  right  lobe  is  frequently  marked  with  shallow 
grooves  corresponding  to  the  ribs.     The  upper  surface  also  often  shows 
anterio-posterior  grooves   or    furrows.     According  to    Liebeemeister 
these  are  due  to  wrinkles  or  folds  into  which  the  liver  is  thrown  when 
expiration  is  somehow  obstructed  and  the  lower  ribs  dragged  inwards  by  > 
the  abdominal  muscles.     Zahn  {Rev.  med.  de  la  Suisse  romande  1881) 
refers  them  to   the    pressure  exerted  by  the   hypertrophied   muscular  i 
bundles  of  the  diaphragm  in  cases  of  obstructed  inspiration,  and  speaks 
of  them  therefore  as  diaphragmatic  grooves.     Orth  {Pathol.  Diagnostik  - 
I.)  has  seen  them  well  marked  in  a  seven  months'  foetus,  and  thinks  they 
are  at  least  in  some  cases  congenital. 
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Exemption  from  pressure  over  a  circumscribed  area  may  also  tend  to 
deform  the  liver.  This  occurs  for  example  when  the  diaphragm  is  rup- 
tured. If  the  ])atient  survives  and  the  opening  remains  patent,  a  coni- 
cal plug  of  liver-substance  gradually  protrudes  into  the  thorax. 

Displacements  of  the  liver  are  very  common.  It  turns  readily  on 
its  transverse  axis,  so  that  the  level  of  the  anterior  edge  varies  greatly 
with  the  fulness  of  the  abdominal  cavity.  Actual  dislocations  are  much 
rarer  than  such  rotations;  but  sometimes  the  liver  sinks  abnormally  ow- 
ing among  other  things  to  the  elongation  of  the  suspensory  ligament. 
This  condition  {Itepar  mobile  or  floating  liver)  is  most  marked  in  cases 
of  extreme  dilatation  of  the  stomach,  vs^here  the  abdominal  wall  is  at  the 
same  time  much  relaxed.  The  liver  is  of  course  forced  down  if  the  dia- 
phragm is  depressed;  as  in  pleural  effusion  or  pneumothorax. 

Wounds  and  ruptures  of  the  liver  from  mechanical  injury  are  highly 
dangerous,  and  often  lead  to  fatal  haemorrhage.     Small  wounds   may 
heal  in  the  same  manner  as  wounds  of  other  tissues,  by  the  formation  of 
granulations  and  a  cicatrix. 
20 
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CHAPTER  LTIL  t 

DISORDERS  OF  THE  HEPATIC   CIRCULATION. 

483.  AnaBmia  of  the  liver  is  either  secondary  to  general  anaemia,  or 
the  result  of  local  causes.  Thus  pressure  on  the  liver  from  without,  or 
swelling  of  the  liver-cells,  may  diminish  the  amount  of  blood  present  in 
the  cupillaries.  The  anaemic  tissue  is  pale,  and  yellow  or  brown  accord- 
ing to  the  amount  of  bile-pigment  and  of  fat  present  in  the  cells.  It 
must  not  be  forgotten  however  that  the  distribution  of  the  blood  in  the 
liver  may  be  notably  altered  after  death  by  the  coagulation  of  the  liver- 
cells  and  the  pressure  exerted  on  the  organ  by  the  neighboring  parts; 
and  the  tint  may  thereby  be  affected  in  a  marked  degree. 

Congestive  hyperaemia  is  a  very  common  condition  of  the  liver, 
and  may  be  either  physiological  (as  after  a  meal)  or  pathological,  as  in 
the  early  stages  of  inflammation  or  in  affections  which  determine  an  in- 
creased afflux  of  blood  to  the  intestine.  If  the  congestion  is  great  the 
volume  of  the  liver  may  be  much  increased,  and  its  tissue  assumes  a 
livid  or  brownish-red  hue. 

Passive  hyperaemia  or  venous  engorgement  of  the  liver  gives  rise 
to  very  characteristic  changes,  especially  when  it  has  lasted  for  some 
time. 

As  the  liver  lies  very  near  to  the  right  heart,  every  obstruction  to  the 
circulation  (whether  due  to  changes  in  the  cardiac  valves  or  in  the  lungs) 
which  produces  ^back-pressure'  in  the  right  auricle  and  descending  vena 
cava,  makes  itself  felt  in  the  hepatic  veins.  The  most  usual  causes  of 
such  obstruction  are  tricuspid  disease,  emphysema  or  cirrhosis  of  the 
lungs,  and  mitral  disease. 

When  the  engorgement  is  of  recent  standing  the  liver  appears  en- 
larged and  full  of  blood,  while  the  central  parts  of  the  lobules  are  dark 
or  livid.  When  it  is  more  advanced  the  liver  usually  diminishes  in  size, 
and  its  surface  is  often  uneven,  granular,  or  somewhat  irregularly 
knobbed.  On  section  it  has  a  characteristic  nutmeg-appearance  (hence 
it  is  called  '  nutmeg-liver'),  the  dark  centre  of  each  lobule  contrasting 
strongly  with  the  pale  periphery.  The  centre  of  the  lobule  is  dark- 
brown  and  usually  sinks  a  little  below  the  general  surface  of  the  section 
while  the  ijeriphery  (according  to  the  amount  of  fat  present)  is  pale- 
brown  or  yellow  or  even  yellowish-white  and  projects  slightly  above  the 
surface.     When  the  change  has  gone  still  further  the  darker  portions 
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gradually  overcome  the  paler,  and  here  and  there  coalesce  into  continu- 
ous patches  of  brown,  while  the  lobules  generally  are  notably  diminished 
in  size. 

On  microscopic  examination  the  intralobular  veins  and  the  neighbor- 
ing capillaries  are  seen  to  be  dilated  or  varicose;  in  extreme  cases  the 
dilatation  affects  all  the  capillaries  of  the  lobule.  The  liver-cells  which  lie 
between  the  dilated  capillaries  are  always  more  or  less  atrophied,  and 
generally  beset  with  yellow  or  brown  pigment-granules.  Similar  gran- 
ules lie  around  in  the  walls  of  the  intralobular  veins.  The  degeneration 
of  the  liver-cells  is  most  marked  in  the  central  parts  of  the  lobules,  and 
in  extreme  cases  some  of  the  cells  may  perish  outright,  leaving  nothing 
but  a  few  granules  and  flakes  of  pigmentary  detritus  between  the  dilated 
capillaries.  The  interlobular  connective  tissue  is  usually  unaltered,  but 
now  and  then  it  appears  to  be  hyperplastic  and  infiltrated  with  small 
cells. 

From  its  chief  seat  and  its  mode  of  origin  this  affection  has  been  de- 
scribed as  central  red  atrophy  (Yirchow),  and  also  as  cyanotic  or  vari- 
cose atrophy  or  atrophy  from  engorgement.  The  liver  itself  is 
described  in  the  post-mortem  room  as  atrophic  nutmeg-liver. 

484.  Occlusion  of  the  blood-vessels  of  the  liver,  by  thrombosis, 
embolism,  portal  endophlebitis  (sometimes  called  pylephlebitis),  or  end- 
arteritis, induces  certain  morbid  changes  that  are  worthy  of  mention. 

Sudden  closure  of  the  portal  vein  causes  the  secretion  of  bile  to 
cease;  but  if  the  vessel  is  gradually  obstructed  and  at  length  occluded, 
the  secretion  goes  on.  The  nutrition  of  the  liver  itself  is  not  endangered 
by  the  closure  of  the  portal  vein  or  of  some  of  its  chief  branches,  for  the 
blood-supply  brought  by  the  hepatic  artery  suffices  to  maintain  it  in 
good  condition. 

When  the  portal  vein  or  its  chief  branches  are  gradually  occluded, 
the  arterial  channels  gradually  widen  and  supply  the  liver  with  blood 
sufficient  not  merely  for  its  own  nutrition  but  also  for  its  functional 
needs.  Only  the  obstruction  of  the  smallest  of  the  interlobular  (portal) 
venules,  into  some  of  which  the  arterioles  pour  their  contents  before 
these  reach  the  lobular  capillaries,  need  affect  seriously  the  corresponding 
lobules;  and  that  only  because  the  arterial  circulation  of  the  lobules  is 
thereby  at  some  points  interrupted  or  diminished  as  well  as  the  portal 
circulation,  and  the  liver-cells  being  completely  starved  of  blood  perish. 

The  closure  even  of  some  of  the  branches  of  the  hepatic  artery  has 
seldom  any  grave  consequences,  inasmuch  as  the  branches  anastomose 
freely  and  collateral  circulation  is  readily  set  up.  Only  in  somewhat 
rare  instances,  where  the  blood-pressure  within  the  liver  or  generally 
through  the  body  is  low,  are  the  propelling  forces  behind  the  point  of 
obstruction  insufficient  to  maintain  the  flow.  In  such  a  case  the  affected 
region  may  become  engorged  by  reflux  from  the  veins,  and  the  blood  es- 
caping from  the  ill-nourished  capillaries  may  give  rise  to  haemorrhagic 
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infiltration.  Such  an  infiltration  is  however  seldom  so  intense  as  to 
obscure  altogether  the  outlines  of  the  lobules.  When  the  supply  of  ar- 
terial blood  is  entirely  cut  ofE,  the  liver-cells  perish  by  necrosis  (Cohn- 
HEIM  and  LiTTEN",  Virch.  Arch.  vol.  77).  Haemorrhage  may  likewise 
take  place  in  consequence  of  changes  in  the  vessel-walls  (as  in  h^morhagic 
purpura,  and  in  phosphorus-poisoning),  or  of  obstruction  {e.g.  by  throm- 
bosis) of  the  hepatic  veins. 


CHAPTER  LYIII. 

ATROPHY  AND  DEGENERATION  OF  THE  LIVER. 

485.  Simple  atrophy.  Starvation  which  has  been  rapidly  fatal,  and 
grave  chronic  disorders  of  nutrition  of  long  standing,  may  equally  induce 
extreme  atrophy  of  the  liver.  The  experiments  of  Bidder,  Schmidt, 
and  VoiT  have  shown  that  in  dogs  and  cats  starvation  may  reduce  the 
volume  of  the  liver  by  two-thirds.  The  diminution  is  chiefly  due  to  the 
dwindling  of  the  liver-cells.  In  emaciated  or  marasmic  patients,  whether 
the  wasting  is  due  to  senile  decay  or  to  organic  disease,  the  liver  is 
usually  greatly  diminished  in  size,  and  in  some  cases  occupies  only  one- 
■^hird  of  its  original  volume. 

The  atrophy  is  seldom  uniform,  the  margins  of  the  organ  being  usually 
the  most  wasted.  The  anterior  margin  of  the  right  lobe  and  the  whole 
margin  of  the  left  are  often  very  markedly  shrunken.  In  extreme  cases 
the  parts  just  mentioned,  as  well  as  other  regions  (notably  along  the  line 
of  the  suspensory  ligament),  may  be  altogether  devoid  of  liver-cells. 

The  atrophy  in  these  cases  is  primarily  due  to  loss  of  the  liver-cells, 
which  become  steadily  smaller  (Fig.  183  A)  and  at  length  vanish  out- 
right. The  trabeculae  and  lobules  dwindle,  and  the  interlobular  or  portal 
sheaths  of  connective  tissue  (Fig.  182  d)  approach  each  other.  When 
the  lobules  have  entirely  disappeared,  the  meshes  enclosed  by  the  portal 
sheaths  enclose  mere  shreds  of  loose  fibrous  tissue  (e)  composed  of  little 
else  than  collapsed  capillaries.  The  bile-ducts  within  the  portal  sheaths 
(/)  persist  however,  and  in  some  parts  seem  even  increased  in  number; 
at  any  rate  a  section  through  the  interlobular  structures  often  shows  that 
at  certain  points  whole  clusters  and  groups  of  bile-ducts  have  been  cut 
across  (/). 

The  atrophic  tissue  is  usually  poor  in  cells;  but  if  any  obstruction  to 
the  outflow  of  bile  has  taken  place,  signs  of  inflammation  and  cellular 
infiltration  may  be  seen  (Art.  496). 

The  wasted  borders  of  the  lobes  may  be  reduced  to  mere  membranes, 
and  look  like  thickenings  of  the  serous  coat.  As  the  right  lobe  shrinks 
the  gall-bladder  is  uncovered,  and  sometimes  projects  far  beyond  the 
wasted  border. 

Where  the  liver-substance  still  persists  the  remaining  lobules  are 
usually  small,  and  often  abnormally  brown  in  color.     This  is  due  to  the 
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fact  that  some  of  the  liver  cells  are  beset  with  pigment-granules  (Fio-. 
18-3  A). 

486.  Pigmentary  atrophy.  The  atrophy  just  considered  (Art.  485) 
is  a  general  affection  extending  over  the  whole  of  the  liver,  and  depend- 
ing on  impairment  of  its  nutrition.  Localized  atrophy  affecting  a  few 
cells  or  lobules  is  a  very  common  condition,  and  may  be  induced  by  a 
great  variety  of  causes.  Thus  we  have  seen  that  long-standing  venous 
engorgement  of  the  liver  constantly  leads  to  atrophy  of  the  central  parts 
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Fig.  183.    Section  from  the  margin  op  a  greatly  atrjphied  liver. 
{Carmine  staining  :  X  30.) 


a,  serous  membrane. 

b,  completely  atrophied  region. 

c,  normal  lobules. 

d,  portal  sheaths  enclosing  blood-vessels 

and  bile-ducts  /. 


e,  loose  fibrous  tissue  taking   the  place  of  the 

lost  liver-substance. 
/,  bile-ducts. 
g,  larger  portal  veins. 
h,  Intralobular  veins. 


of  the  lobules  (Art.  483).  So  also  where  the  fibrous  framework  of  the 
organ  becomes  hypertrophied,  as  in  indurative  hepatitis  (Art.  497),  the 
liver-cells  are  usually  compressed  and  atrophied.  Mechanical  pressure 
from  without  or  within  may  have  the  like  effect.  The  latter  is  observed 
ill  the  neighborhood  of  tumors  and  other  new-formations  growing  in  the 
liver;  amyloid  disease  (Art.  491)  affords  a  good  example.    The  liver-cells 


FATTY    INFILTRATION    OF   THE    LIVEB. 


667 


Flu.  183. 


AtROPHIKI)   LivlK-CKLLS 

(X  250). 
A,  simple   atrophy  with  pigmentary  de- 
posits. 
£,  liver-cells  atrophied  by  compression. 


are  usually  deformed  and  flattened  (Fig.  183  B),  or  drawn  out  into  long 
spindles. 

The  atrophied  cells  are  usually  beset  with  brown  and  yellow  pigment- 
granules.  These  are  probably  due  not 
so  much  to  re-absorption  of  bile  already 
elaborated  and  excreted  as  to  some 
disturbance  of  the  process  of  secretion 
itself.  The  ill-nourished  cells  are  un- 
able to  perform  their  normal  bile-pro- 
ducing function,  and  as  the  colored 
iron-compounds  are  no  longer  ade- 
quately separated  and  excreted,  they 
perforce  remain  in  the  cells.  In  cer- 
tain cases,  however,  the  cause  of  the 
j)igmentation  may  lie  in  some  increase 
in  the  normal  disintegration  of  the  red  corpuscles  (Art.  81). 

487.  Fatty  infiltration.  The  liver  in  health  always  contains  a  cer- 
tain amount  of  fat,  which  lies  in  the  liver  cells  in  the  form  of  large  and 
small  globules  (Fig.  184  a  h  c).  This  fat  is  partly  brought  to  the  liver 
ready-formed  and  there  deposited,  and  partly  elaborated  from  albuminoid 
substances  in  situ.  The  former  fat  is  either  derived  directly  from  the 
food,  or  has  been  elaborated  from  albuminoids  in  some  other  part  of  the 
body. 

In  morbid  conditions  the  fat  contained  in  the  liver  may  be  enormously 
increased;  the  increase  depending  either  on  increased  production  or  sup- 
ply, or  on  diminished  consumption,  or  on  both. 

When  fat  accumulates  as  a  deposit  in  the  liver,  from  increased  supply 
or  decreased  consumption,  we  have  what  is  called  simply  fatty  liver, 
or  fatty  infiltration.  When  the  accumulation  is  great  the  liver  is  large, 
and  post-Jiiortem  feels  firm  to'  the  touch,  holds  little  blood,  and  has  a 
uniform  opaque  pale-yellow  tint.  The 
individual  lobules  are  somewhat  en- 
larged. 

When  the  quantity  of  fat  present  is 
not  so  great,  it  lodges  chiefly  in  the  peri- 
pheral parts  of  the  lobules.  These  parts 
consequently  look  pale,  while  the  central 
parts  are  brown  or  reddish;  and  the 
mottled  appearance  thus  produced  has 
led  some  to  describe  this  variety  as  fatty 
nutmeg  liver.  If  the  fat  be  still  less 
abundant  the  general  brownish  color  of 
the  lobule  prevails. 

Fatty  livers  are  met  with  most  commonly  in  corpulent  patients; 
but  they  are  not  rare  in  cases  of  lung-disease  associated  with  much  ema- 
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a,  c,  cells  with  several  oil-globules. 
&,  cell  with  one  large  drop. 

d,  cells  with  many  minute  globules. 

e,  /,  cells  completely  disintegrated  in- 

to fatty  detritus. 
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elation.     In  the  latter  we  must  suppose  that  the  accumulation  is  due  to 
defective  consumption  of  the  fat. 

The  fat  usually  takes  the  form  of  large  drops  which  distend  the  cells 
(Fig.  184  I);  though  at  first  it  is  deposited  in  smaller  globules  {a  c).  As 
the  fat  is  re-absorbed  the  large  drops  break  up  again  into  smaller  ones. 

488.  When  the  disintegration  of  albumen  within  the  liver  becomes 
excessive,  while  the  supply  of  albumen  is  not  sufficiently  maintained,  the 
process  assumes  a  degenerative  character  and  is  described  as  ftltty  degene- 
ration. In  slight  cases  the  liver-cells  are  more  or  less  thickly  beset  with 
oil-globules  (Fig.  181  h),  but  are  otherwise  little  changed;  where  the  de- 
generation is  advanced  the  cells  break  down  altogether  (Fig.  184/). 

Simple  uncomplicated  fatty  degeneration  is  well  observed  in  extreme 
ansemic  conditions,  such  as  that  known  as  pernicious  ansemia.  Here  the 
process  is  characterized  throughout  by  the  formation  of  very  minute  oil- 
globules,  and  is  often  accompanied  by  pigmentary  infiltration. 

Fatty  degeneration  frequently  sets  in  with  cloudy  swelling  (Art. 
48)  of  the  cells,  which  enlarge  and  become  turbid  and  granular.  The 
liver  as  a  whole  thereupon  assumes  a  muddy  grayish  or  grayish-yellow 
tint,  and  sometimes  looks  as  if  boiled.  This  stage  of  the  degeneration  is 
met  with  in  many  forms  of  infective  disease,  such  as  typhoid,  relapsing 
fever,  small-pox,  scarlatina,  septicaemia,  erysipelas,  yellow  fever,  etc., 
and  in  poisoning  by  antimony,  arsenic,  sulphuric  ether,  and  phos- 
phorus. 

In  most  cases  the  turbidity  and  swelling  disappear  and  the  cells  recover 
their  normal  aspect.  In  other  cases  the  process  passes  into  fatty  degene- 
ration and  disintegration  of  the  affected  cells.  These  changes  are  most 
marked  in  phosphorus-poisoning  and  in  acute  yellow  atrophy. 

489.  Acute  yellow  atrophy.  The  affection  so  named  is  character- 
ized by  a  great  and  sudden  diminution  of  the  size  of  the  liver.  Within 
a  few  weeks  or  it  may  be  days  the  liver  loses  as  much  as  half  its  bulk. 
The  shrunken  organ  is  remarkably  flaccid  and  soft,  and  here  and  there 
may  even  give  the  feeling  of  fluctuation.  Sometimes  however  it  is 
firmer,  the  surface  being  smooth  or  wrinkled  in  different  cases. 

The  section  is  usually  of  an  ochreous  yellow,  and  the  contours  of  the 
lobules  are  obscured.  Or  the  yellow  tint  may  appear  only  in  some  spots, 
while  others  are  pale  or  dark  red  (so-called  ^red  atrophy').  The  single 
lobules  are  uniform  in  color,  or  now  and  then  show  variously  tinted 
zones.  In  the  latter  case  the  periphery  is  grayish  and  semi-translucent, 
while  the  central  parts  are  of  various  shades  of  yellow,  and  now  and  then 
the  very  centre  is  red.  The  differences  in  size,  consistence,  and  color  are 
due  partly  to  differences  in  the  condition  of  the  liver-cells,  partly  to  the 
amount  of  blood  present  in  the  vessels. 

As  regards  the  liver-cells,  they  are  found  in  the  most  diverse  stages 
of  degeneration,  from  mere  dropsical  and  cloudy  swelling  to  complete 
disintegration  into  masses  of  fatty  and  albuminous  detritus.     At  the 
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same  time  the  cohesion  of  the  several  cells  is  loosened.  In  the  ochreons 
parts  few  if  any  cells  remain  unaltered.  Those  that  are  least  altered  are 
turbid  and  beset  with  granules  and  oil-globules;  the  most  altered  consist 
of  little  else  than  drops  of  oil  of  various  sizes,  while  many  are  completely 
broken  up  or  in  process  of  solution  (Fig.  184  e  f).  In  the  grayish  semi- 
translucent  parts  a  few  normal  cells  remain,  but  the  greater  number  are 
disintegrated  and  replaced  by  irregular  clumps  of  colorless  albuminous 
granules,  grains  of  yellow  pigment,  and  small  and  large  drops  of  oil. 
At  many  points  even  these  remains  of  cells  have  disappeared  and  the  in- 
tercapillary  spaces  contain  nothing  but  liquid.  The  detritus  has  been 
partly  dissolved  and  partly  removed  by  the  lymphatics. 

The  amount  of  blood  present  in  the  vessels  varies  much:  when  pres- 
ent it  gives  to  some  parts  the  red  tint  to  which  Ave  have  alluded.  What 
is  called  'acute  red  atrophy'  is  in  fact  'yellow  atrophy'  associated  with 
a  more  than  usually  abundant  supply  of  blood  to  the  parts.  Naturally 
the  red  appearance  becomes  more  appreciable  as  the  fatty  detritus  of  the 
disintegrated  tissue  is  dissolved  away  or  otherwise  removed.  The  brown 
or  darker  yellow  tints  are  due  to  pigment-granules  which  lie  in  the  tis- 
sues that  remain. 

In  the  later  stages  of  the  affection  the  periportal  connective  tissue  is 
slightly  infiltrated  with  lymphoid  cells  or  leucocytes;  in  the  earlier  stages 
these  are  absent.  When  the  process  is  still  more  advanced  loucin  and 
tyrosin  accompany  the  oily  deposits,  or  at  least  become  apparent  some 
hours  after  death. 

490.  Acute  yellow  atrophy  is  thus  characterized  texturally  by  a  fatty 
degeneration  of  the  liver  depending  on  a  rapid  disintegration  of  the  albu- 
minoid constituents  of  the  liver-cells.  The  setiology  of  the  process  is 
not  always  the  same.  In  a  few  cases  it  is  an  accompaniment  of  recog- 
nized infective  disorders,  especially  of  traumatic  septicsemia.  In  other 
cases  its  causes  are  unknown,  and  then  it  would  seem  to  be  an  idiopathic 
or  at  least  a  primary  affection.  Probably  in  these  cases  also  it  is  due  to 
some  kind  of  microparasitic  infection.  In  support  of  this  view  it  is  to  be 
noted  that  Klebs  has  on  several  occasions  discovered  micrococci  crowd- 
ing the  hepatic  vessels  in  cases  of  acute  yellow  atrophy  unaccounted  for 
by  the  presence  of  any  other  source  of  infection. 

But  apart  from  causes  of  the  nature  of  infection,  it  is  known  that 
certain  poisons,  notably  phosphorus,  may  give  rise  to  degenerative  changes 
closely  resembling  those  we  have  just  described.  In  phosphorus-poi- 
SOning  we  may  have  various  degrees  of  change,  from  mere  turbidity  of 
some  of  the  liver-cells  and  the  formation  of  a  few  oil-globules  to  extreme 
and  extensive  fatty  disintegration  of  the  liver-substance  generally.  In 
a  few  days  after  a  poisonous  dose  of  phosphorus  has  been  taken  the 
greater  part  of  the  liver  may  be  broken  down  into  fatty  detritus.  The 
changes  begin  in  from  six  to  twenty-four  hours,  and  first  appear  round 
the  periphery  of  the  lobules.     The  cells  become  turbid  and  swollen,  then 
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oil-globules  appear  which  as  a  rule  soon  run  together  into  larger  drops 
as  the  cell  disintegrates. 

The  color  of  the  liver  in  phosphorus-poisoning  is  grayish-yellow 
or  yellow,  and  the  organ  feels  greasy  and  doughy.  In  the  early  stages, 
that  is  before  the  liver-cells  are  entirely  disintegrated  and  before  their 
remains  are  absorbed,  the  liver  is  enlarged.  Sometimes  small  hgemor- 
rhages  take  place  into  the  tissue.  When  these  are  confined  to  the  portal 
areas  peculiar  rosette-like  figures  are  produced  by  the  extravasafced  blood. 
Now  and  then  the  liver  looks  as  if  bile-stained.  As  the  degeneration 
advances  the  secretion  of  bile  is  more  or  less  interfered  with.  In  the 
later  stages  leucin  and  tyrosin  are  deposited,  as  in  acute  yellow  atrophy. 

After  a  time  the  tissue  of  the  atrophied  liver  is  seen  to  contain  clus- 
ters and  more  and  less  cylindrical  groups  of  large  epithelial  cells. 
These  are  considered  to  be  gland-cells,  and  to  indicate  the  beginning  of 
a  process  of  regeneration  and  repair.  Some  observers  regard  them  as 
derived  from  the  epithelium  of  the  bile-ducts,  others  from  the  surviv- 
ing liver-cells.  The  author's  observations  incline  him  to  support  the 
latter  view;  he  believes  that  the  surviving  liver-cells  may  have  the  power 
to  multiply  and  build  up  new  liver-tissue.  The  longitudinal  groups  or 
cylinders  sometimes  include  large  cells  with  abundant  protoplasm  and 
very  large  nuclei  (occasionally  of  double  the  normal  size);  and  these  at 
least  would  appear  to  be  proliferous  cells. 

COHNHEIM  {Allg.  Path.  ll.  Berlin  1883)  and  others  distinguish  the  affection 
known  as  zcfer  its  gr?'ams  or  malignant  jaundice  from  acute  yellow  atrophy  of  the 
liver.  The  former  is  marked  by  complete  suppression  of  the  biliaiy  secretion 
and  by  intense  jaundice;  both  of  these  systoms  may  be  absent  in  typical  cases  of 
the  latter. 

References  on  acute  yellow  atrophy:  Frerichs,  Diseases  of  the  liver  ii.  (trans. 
by  MuRCHisoN,  New  Syd.  Soc.)  London  1863;  Klebs,  Handb.  d.  path.  Anat.  I. 
Berlin  1869;  Zenker,  Deutsch.  Arch.  f.  klin.  Med.  x.  (1873);  voN  Winiwarter, 
Wiener  med.  Jahrb.  1873,  Lewitzky  and  Brodowsky,  Virch.  Arch.  vol.  70;  Af- 
PANA.SIEW,  Pfliiger's  Archiv  xx:k.;  Moxon,  Trans.  Path.  Soc.  xxiii.  (1873);  Thier- 
felder,  Atlas  d.  path.  Hist,  part  3,  1874,  Ziemssen's  Cyclop,  ix.,  with  full  refer- 
ences; MURCHisoN,  Diseases  of  the  liver  London  1877;  Birch-Hirschfeld, 
GerhardVs  Handb.  d.  Kinderhr.  iv.  Tiibingen  1880;  Zunder,  Virch.  Arch.  vol. 
59;  Lego,  Bilious  Diseases  London  1880,  with  a  very  complete  summary  of  the 
literature;  Hlava,  Prager  vied.  Woch.  1883;  Salkowski,  Virch.  Arch.  vol.  88; 
NOMAN,  ibid.  vol.  91;  Goodhart,  Atlas  of  Path.  (New  Syd.  Soc.)  London  1883. 

On  the  micro-organisms  associated  with  the  affection  see  Waldeyer  (V^'rch. 
Arch.  vol.  43),  Klebs  and  Eppinger  {Prager  Vierteljahrsschrift  125,  1875), 
Dreschfeld  {Brit.  vied.  Journ.  8,  1883). 

On  the  liver  in  phosphorus-poisoning  see  Leyden  and  MUNK  {Die  acute  Phos- 
phorvergiftung  Berlin  1865),  Klebs  {loc.  cit.),  Weyl  {Arch.  d.  Heilk.  xix.),  Le- 
bert  and  Wyss  {Arch.  gen.  de  med.  1868),  Schctltzen  and  Reiss  {Charite-Annalen 
1869),  Fraenkel  {Berl.  klin.  Woch.  19,  1878),  Erman  {Viertelj.  f.  gericht.  Med. 
xxxni.),  Binz  and  Schulz  {Cent.  f.  d.  med.  Wiss.  1879),  Cornil  and  Brault 
{Journ.  de  Vanat.  et  de  laphsiol.  1882),  Wegner  {Virch.  Arch.  vol.  59),  Voir  and 
Bauer  {Journ.   Chimical  Soc.   xxiv.),   Legg  {Bilious  diseases   London    1880), 
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OssiKOVSZKY  (Wien.  med.  Wochenschrift  31,  1881),  Thierfelder  and  Naunyn 
(Ziemssen's  Cyclop,  ix.,  xvii.,  with  references),  Taylor  (Medical  Jurisprudence 
I.  London  1883). 

491.  Amyloid  degeneration.  Amyloid  change  affects  chiefly  the 
lobular  systems  of  blood-vessels.  At  first  the  capillaries  of  the  lob- 
ules exhibit  at  various  spots  a  kind  of  hyaline  thickening  or  deposit  iu  the 
endothelium;  but  as  the  change  progresses  they  become  completely  en- 
veloped by  continuous  hyaline  masses  (Fig.  185). 

The  liver-cells  are  usually  passive  throughout  the  process,  or  at  least 
they  rarely  become  amyloid  themselves.  In  the  early  stages  they  are 
quite  unaltered,  but  as  the  amyloid  deposits  around  them  increase  in 
bulk  they  become  compressed  and  generally 
atrophied.  In  advanced  stages  they  here  and 
there  perish  outright,  or  it  may  be  that  to  some 
extent  amyloid  deposits  take  place  in  them. 
Where  they  persist  they  nearly  always  contain 
large  or  small  globules  of  fat. 

Amyloid  change  also,  though  to  a  less  de- 
gree, affects  the  interlobular  blood-vessels.  In 
the  case  of  the  arteries  the  middle  coat  is  the 
most  affected. 

The  change  usually  extends  over  the  whole  fiq.  iss.-amyloid  lob^r' 
of  the  liver,  and  when  it  is  well-marked  the  sec-  capillaries. 

tion   becomes   pale   grayish-brown   or  grayish-     (Treated  with  perosmic  add: 

X  300  ) 

yellow  in  color,  and  it  has  a  semi-translucent 

appearance  like  the  fat  of  boiled  bacon.  The  semi-translucent  patches 
are  chiefly  found  in  the  intermediate  zone  of  the  lobule,  the  neighbor- 
hood of  the.  central  or  intralobular  vein  on  the  one  hand  and  of  the 
portal  vein  on  the  other  being  comparatively  free  from  deposit.  In  other 
instances  however  there  seems  to  be  no  special  arrangement  of  the  amy- 
loid patches.  Iodine  gives  the  characteristic  brown  color,  and  methyl- 
aniline  a  pale  ruby  tint  (Art.  58). 

The  unaltered  tissue  varies  in  appearance  in  different  cases.  When 
the  liver-cells  contain  no  fat,  they  are  usually  of  a  brown  or  reddish- 
brown  color.     The  presence  of  fat  makes  them  look  yellowish-white. 

Well-marked  amyloid  change  is  always  associated  with  enlargement 
of  the  liver.  The  edges  arc  thickened  and  rounded  and  the  surface  is 
smooth,  but  the  serous  covering  is  free  from  thickening.  The  tissue  be- 
comes firmer  and  much  more  elastic.  The  amount  of  blood  contained  in 
it  varies  but  is  generally  small,  at  least  in  the  more  degenerate  portions. 

General  amyloid  disease  of  the  liver  occurs  chiefly  in  connection  with 
cachectic  conditions,  such  as  those  depending  on  tuberculosis,  chronic 
suppuration,  syphilis,  etc.  Other  organs  are  simultaneously  affected  in 
a  similar  manner,  especially  the  spleen,  intestine,  and  kidneys. 

The  liver  may  at  the  same  time  be  diseased  in  other  ways ;  thus  in 
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tuberculosis  it  may  contain  tubercles,  and  in  syphilis  it  may  exhibit  the 
characteristic  hyperplasia  of  the  periportal  connective  tissue  (Art.  499) 
or  gummatous  foci  in  various  stages. 

Circumscribed  amyloid  change  of  the  liver,  limited  to  one  or  more 
spots,  is  much  less  common  than  the  uniformly  diffused  or  general  affec- 
tion ;  but  it  is  occasionally  met  with.  Cases  are  recorded  in  which  the 
amyloid  substance  was  aggregated  into  nodes  or  nodules,  or  confined  to  a 
few  isolated  blood-vessels.  The  latter  is  especially  the  case  in  the  vessels 
of  cicatricial  tissue  developed  in  consequence  of  syphilitic  inflammation. 

References  :— Arts,  58,  59;  WlLKS,  Guy's  Hosp.  Rep.  1856  ;  Wagner,  Arch.  d. 
Heilk.  II.  (1861) ;  Cornil,  Arch,  de  physiol.  norm,  et  path.  ii.  (1875) ;  Heschl, 
Wiener  Sitzungsber.  Lxxiv.  (1876) ;  Schuppel,  Ziemsseri's  Cyclop,  ix. ;  Bottcher, 
Virch.  Arch.  vol.  72  ;  Schutte,  Die  amyloids  Degen.  d.  Leber  In.  Diss.  Bonn  1877, 
with  good  figures. 


CHAPTER  LIX. 

HYPERTROPHY  AND   REGENERATION   OF   LIVER-TISSUE, 

492.  When  from  any  cause  the  glandular  cells  of  the  liver  are  de- 
stroyed, as  in  phosphorus-poisoning,  the  tissue  may  to  a  certain  extent 
be  repaired  or  renewed  by  regenerative  multiplication  of  the  remaining 
cells.  How  far  the  process  of  regeneration  can  go  we  do  not  as  yet  fully 
know;  but  we  may  well  suppose  that  it  is  possible  only  when  the  loss  of 
substance  is  small  and  the  general  structure  of  the  lobule  not  gravely 
damaged.  We  suggested  in  Art.  490  that  the  process  of  regeneration 
starts  from  the  liver-cells  within  the  injured  lobule,  and  it  certainly  seems 
highly  improbable  that  an  entire  lobule  or  any  part  of  one  should  be  de- 
veloped from  the  epithelium  of  the  biliary  ducts. 

As  to  the  histology  of  hypertrophy  of  the  liver-tissue  there  is  but  lit- 
tle to  say. 

Enlargement  of  the  liver  is  chiefly  due  to  deposits  of  fat  or  of  amy- 
loid substance,  to  new-formed  fibrous  tissue,  or  to  infiltration  with  leu- 
cocytes (as  in  leukaemia).  In  a  few  cases  the  enlargement  of  the  liver 
has  been  found  to  be  congenital,  the  structure  being  normal.  Ricketty 
children  not  infrequently  have  remarkably  large  livers  (Beneke).  And 
in  adults  abnormal  size  of  the  liver  is  now  and  then  discovered,  without 
any  assignable  cause  for  the  enlargement.  Inasmuch  as  the  volume  of 
the  organ  may  vary  in  health  within  somewhat  wide  limits,  it  is  diflScult 
to  say  at  what  point  an  enlargement  is  to  be  regarded  as  morbid.  Tlie 
statement  sometimes  made — that  the  liver  in  diabetes  is  apt  to  be  very 
much  enlarged — cannot  be  corroborated  by  the  author. 

The  lobules  of  an  abnormally  large  liver  are  not  usually  enlarged, 
and  hence  one  must  assume  that  their  number  is  increased.  As  regards 
the  size  of  the  liver-cells,  it  is  known  that  this  varies  under  physiological 
conditions;  it  is  therefore  difficult  or  impossible  to  detect  what  we  may  call 
cellular  hypertrophy,  if  it  exists.  Sometimes  when  one  part  of  the  liver-sub- 
stance perishes  the  remainder  seems  to  enlarge;  but  on  closer  examina- 
tion the  local  hypertrophy  is  seen  to  be  more  apparent  than  real,  the  ap- 
pearance being  mainly  due  to  contraction,  compression,  and  displacement 
of  the  several  parts. 

Circumscribed  hypertrophies  or  hyperplasias  of  the  liver-tissue  do 
however  occur  in  the  form  of  nodules  or  larger  nodes  (Friedreich, 
Virch.  Arch.  vol.  33;  Hoffmann,  ibid.  vol.  39;  Eberth,  ibid.  vol.  43). 
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These  protuberant  overgrowtlis  consist  of  liver-tissue,  the  cells  of  which 
ai'e  abnormally  large  and  arranged  in  somewhat  irregular  groups  or  tra- 
beculge. 

References:  TizzoNi,  Atti  della  r.  acad.  dei  Liiicei  18S3,  Arch.  ital.  de  hiol.  m. 
(1883);  CoLUCCi,  ihid.,  Stiidj  suW  aiiat.  patol.  d.  fegato  Bologna  1SS3.  These 
authors  assert  that  in  the  lower  animals  at  least  wounds  of  the  liver  are  partly 
repaii'ed  bv  new- formations  of  liver-tissae,  and  that  these  new  formations  may 
reach  a  considerable  size. 


CHAPTER  LX. 

INFLAIUMATIONS  OF    THE  LTVT^R.     " 

Purulent   hepatitis   and  Hepatic   abscess. 

493.  Purulent  iaflammation  of  the  liver  depends  on  the  invasion 
of  the  organ  by  some  noxious  or  irritant  body  derived  either  from  the 
exterior  or  from  some  other  part  of  the  system. 

The  information  we  now  possess  concerning  the  genesis  of  the  suppu- 
rative process  justifies  us  in  believing  that  as  a  rule  this  irritant  is  a  bac- 
terium or  is  produced  by  the  agency  of  bacteria.  Only  in  very  peculiar 
and  unlikely  conditions  can  any  other  agent  (such  as  the  Actinomyces) 
give  rise  to  suppuration  within  the  liver. 

The  avenues  by  which  micro-organisms  may  enter  the  liver  are  nume- 
rous. They  may  enter  directly  from  without  in  the  case  of  a  perforat- 
ing wound  of  the  liver  through  the  belly- wall^  and  cause  the  wound  to 
suppurate.  A  purulent  inflammation  of  any  of  the  neighboring  organs 
or  tissues  may  extend  to  the  liver  by  continuity,  or  through  the  channel 
of  the  lymphatics.  More  commonly  however  the  micro-organisms  reach 
the  liver  through  the  blood.  The  portal  vein  is  the  most  frequent  chan- 
nel, though  the  hepatic  artery  may  also  convey  infection.  Earely,  and 
only  in  very  exceptional  circumstances,  can  anything  of  the  kind  pass 
with  the  venous  blood  from  the  vena  cava  into  the  hepatic  veins. 
Lastly,  in  infants  the  patent  umbilical  vein  may  convey  infection  to  the 
liver. 

Infection  of  the  liver  by  these  channels  is  commonly  secondary;  that 
is,  it  depends  upon  a  preceding  lodgment  of  bacteria  somewhere  within 
the  territory  supplied  by  the  blood-vessels  in  question.  Thus  abscess  of 
the  liver  is  not  infrequently  the  result  of  purulent  inflammation  (dysen- 
tery) of  the  intestine,  infection  being  conveyed  by  the  portal  vein;  or  it 
may  follow  upon  a  suppurating  wound  of  the  head  for  example,  the 
channel  of  infection  being  the  hepatic  artery.  In  the  latter  case  the  vir- 
ulent material  must  have  passed  through  the  lungs,  and  may  there  also 
give  rise  to  secondary  suppuration. 

Primary  suppuration  within  the  liver,  that  is  to  say  suppuration  un- 
accounted for  by  the  existence  of  some  focus  of  infection  elsewhere  in 
the  body,  is  rare  in  temperate  climates.  In  the  torrid  zone  hepatic  ab- 
scess ('tropical  abscess')  is  a  very  common  affection,  and  it  is  fre- 
quently impossible  to  detect  a  source  of  infection  in  any  other  organ  or 
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Fig.    186.      MICROCOCCUS 

SEPTICUS    IN    HEPATIC     CAPIL- 
LARIES. 

{Forming     zooglcea:     aniline- 
brown  staining:  X  350.) 


part.     In  a  large  number  of  cases  however  the  hepatic  abscess  is  preceded 
by  dysenteric  disease  of  the  bowel. 

There  is  still  another  avenue  by  which  an  irritant  capable  of  exciting 
inflammation  may  reach  the  liver,  namely  the  common  bile-duct.  When 
the  biliary  channels  are  somehow  diseased  so  that  bile  is  retained  and 
stagnates  within  them,  concretions  may  be  formed,  and  these  appear  to 
favor  the  entrance  of  noxious  matters  into  the  liver. 

491.  When  a  bacterium  (such  as  the  micrococcus  of  pyaemia.  Art. 
204)  capable  of  giving  rise  to  inflammatory 
change  enters  the  liver  through  the  blood,  it 
lodges  first  in  the  capillaries  (Figs.  186,  187  c) 
and  afterwards  in  the  smaller  venules.  Then  it 
forms  colonies  or  zooglcea,  which  presently  fill 
up  and  it  may  be  distend  the  vessels.  After  a 
short  time  the  liver-cells  become  turbid  and 
swollen,  they  lose  their  nuclei,  and  soon  break 
uj)  into  fragments  of  various  sizes  (Fig.  186). 

As  the  colonies  multiply  they  spread  more 
and  more  widely  throug:h  the  vessels,  so  that 
soon  a  great  number  of  affected  lobules  have 
their  capillaries  (Fig.  187  c),  and  often  their 
intralobular  veins  {c  e),  crammed  with  bacteria. 
The  necrosis  of  the  liver-cells  (h)  advances  steadily  with  the  advance  of 
the  invasion. 

These  changes  are  accompanied  by  intense  inflammation  of  the  inter- 
lobular tissue  (d)  and  the  veins  (e),  which  gives  rise  to  an  abundant 
cellular  infiltration  of  the  tissue  around.  This  is  the  first  stage  in  the 
formation  of  an  abscess.  Soon  the  infiltration  of  cells  and  exuded  liquid 
becomes  more  marked,  and  the  necrotic  cells  break  up  and  liquefy.  A 
collection  of  pus  is  thus  produced,  and  a  hepatic  abscess  is  formed. 

This  is  in  brief  the  course  of  the  process;  but  of  course  it  may  be 
modified  in  numerous  ways.  Thus  the  micrococci  may  settle  in  the  con- 
nective tissues,  or  a  number  of  lobules  may  be  simultaneously  affected 
and  break  down,  and  so  on.  Abscesses  starting  in  wounds  or  in  the 
bile-duets  (Art.  513)  will  naturally  exhibit  peculiarities  of  their  own. 
In  the  latter  case,  for  instance,  the  irritant  matters  will  first  affect  the 
walls  of  the  ducts  and  their  surroundings,  and  set  up  inflammation 
there. 

495.  The  appearance  presented  by  a  hepatic  abscess  varies  with  its 
mode  of  origin  and  its  age. 

When  infection  is  conveyed  by  the  blood-vessels  the  affected  lobules 
look  gray  or  grayish-yellow.  Then  the  parts  that  are  on  the  point  of 
suppurating  become  yellow  or  yellowish-white,  and  presently  the  whole 
of  the  affected  patch  breaks  down  into  dirty  yellowish  pus,  either  liquid 
throughout  or  mingled  with  discolored  shreds  of  necrotic  tissue.     The 
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surrounding  parts  are  discolored,  infiltrated  with  pus,  and  in  process  of 
liquefaction.  The  abscesses  may  be  single  or  multiple.  Tiie  remaining 
parts  of  the  liver  show  a  greater  or  less  degree  of  turbid  swelling,  some- 
times accompanied  by  extravasations  of  blood  wliich  become  slaty-gray 
in  color  when  putrefaction  sets  in. 

In  abscess  from  a  suppurating  wound  of  the  liver  some  traces  of  the 
original  injury  are  usually  to  be  seen.     In  biliary  abscess  (if  we  may  so 


Fig.  1S7.    Hepatic  abscess:  first  stagb.    {Bismark-brown  staining:  X  40.; 

a,  normal  lobules.  e,  aggregation  of  small-round  cells  in  a  vein, 

h,  necrosed  lobules.  into  which  opens  an  intralobular  venule 

c,  capillaries  and  venules  filled  with  micro-  crammed  with  micrococci. 

cocci. 

d,  small-celled  infiltration  of  the  interlobular 

tissue. 


describe  it)  the  pus  is  mingled  with  bile  or  with  biliary  concretions. 

When  the  abscess  lies  immediately  beneath  the  serous   membrane   the 

latter  is  more  or  less  intensely  inflamed. 

The  size  of  hepatic  abscesses  varies;  it  may  extend  to  almost  an  en- 
21 
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tire  lobe.  Minute  multiple  abscesses  sometimes  coalesce  into  larger 
ones. 

In  very  many  cases  abscess  of  the  liver,  or  the  injury  to  which  it  is  sec- 
ondary, brings  about  the  death  of  the  patient.  But  when  death  does  not 
take  place,  granulation-tissue  is  developed  around  the  abscess-cavity  and 
forms  for  the  rest  of  the  tissue  a  kind  of  protecting  membrane.  Small 
abscesses  may  disappear,  their  contents  being  entirely  absorbed;  and  a 
scar  varying  in  size  witli  the  size  of  the  abscess  is  left.  Larger  abscesses 
may  become  notably  contracted  by  absorption  and  inspissation  of  the 
pus.  The  inspissated  pus  is  always  enclosed  by  a  tough  and  thickened 
fibrous  wall,  and  sometimes  becomes  calcified. 

Abscesses  frequently  break  into  surrounding  parts.  This  issue  is  the 
most  favorable  when  adhesions  have  been  set  up  between  the  liver  and 
the  wall  of  the  abdomen  or  of  the  intestine,  and  the  pus  is  then  evacu- 
ated through  the  adherent  parts  to  the  outside  of  the  body  or  into  the 
bowel.  Even  rupture  through  the  diaphragm  into  a  bronchus  is  not  en- 
tirely unfavorable;  but  rupture  into  the  cavity  of  the  pleura,  pericar- 
dium, or  peritoneum,  is  highly  dangerous.  General  inflammation  of  the 
corresponding  serous  membrane  is  the  result,  unless  the  previous  adhe- 
sions between  the  liver  and  other  viscera  are  such  as  to  limit  the  extension 
of  the  inflammatory  process. 

References: — Frerichs,  Klinik  d.  Leberkrankheiten,  Diseases  of  the  liver  ii. 
London  1862;  Virchow,  Virch.  Arch.  vol.  4;  Traube,  Oesam.  Abhandl.  ii. ; 
Rouis,  Rech.  SUV  les  suppurations  endem.  du  foie  P.iris  1860;  Bamberger,  Vir- 
chow's  Handb.  d.  spec.  Path.  1864;  BtJCKLiNG,  35  Fdlle  v.  Leberabscess  la.  Diss. 
Berlin  1838;  Klebs,  Haiidb.  d.  Path.  Anat.  ii.;  Ackermann^,  Virch.  Arch.  vol. 
45;  Heinemann,  ^6id.  vol.  58;  Thierpelder,  A^Zasd.paf/u  Hist,  plate  xv.  Ziems- 
sen's  Cyclop,  ix.,  Avith  full  references  to  the  older  papers;  McConnell,  Indian 
annals  of  med.  sci.  1873;  many  papers  by  Murchison,  Bristowe,  Quain,  and 
others  in  the  earlier  vols,  of  the  Trans.  Path.  Soc;  Murchison,  Diseases  of  the 
liver  Jjondon  1877;  Lebert,  Arch.  f.  klin.  Med.  vi.;  Birch-Hirschfeld,  Arch.f. 
Heilk.  XIV.;  Hirsch,  Handb.  d.  histor.-geog.  Path.  li.  (trans,  by  Creighton, 
New.  Syd.  Soc). 

Chronic  indurative  hepatitis  and  Cirrhosis. 

496.  Diifuse  chronic  indurative  hepatitis,  like  purulent  hepati- 
tis, depends  on  noxious  influences  which  reach  the  liver  by  various  chan- 
nels. Of  these  channels  the  blood-vessels  are  the  chief,  though  the  bile- 
ducts  also  are  very  often  at  fault;  in  other  words  the  disease  is  most 
frequently  haematogenous,  though  instances  of  what  we  may  call  biliary 
hepatitis  are  by  no  means  uncommon.  As  to  the  exact  nature  of  the 
noxious  influences  or  agents  we  know  little.  It  is  possible  that  in  many 
or  in  most  cases  irritant  matters  absorbed  from  the  alimentary  canal  are 
especially  concerned.  By  many  authorities  alcohol  is  considered  to  be 
one  of  the  most  important  of  the  exciting  factors.  In  other  cases  syph- 
ilis is  admittedly  the  cause. 
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Indurative  inflammation  of  the  liver  is  always  a  chronic  and  at  the 
same  time  a  very  gradual  and  insidious  affection.  It  is  rare  for  an  acute 
hepatitis  to  pass  into  a  chronic  one  of  this  type. 

The  first  stages  of  the  affection  are  marked  Ly  the  presence  of  a  more 
or  less  obvious  infiltration  of  the  liver-tissue  with  leucocytes. 


Fig.  188.    Recent  interstitial  hepatitis. 

(Hcematoxylin  staining :  X  80.) 
a,  normal  liver-tissue. 
b  interlobular  connective  tissue  infiltrated  with  leucocytes. 

The  infiltration  is  chiefly  seen  in  the  interlobular  connective  tissue 
(Pig.  188  d),  and  thence  extends  into  the  lobules.  The  infiltration  is 
usually  at  first  in  the  form  of  disconnected  patches  of  various  sizes.  Less 
commonly  it  is  uniformly  diffused. 


Fig.  189.    Extravascular  development  of  new  fibsous  tissue  in  the  liver. 
{Carmine  staining :  X  300.) 
a,  normal  liver-cells.  c,  leucocytes  in  the  place  of  the  liver-cells. 

h,  accumulation  of  leucocytes  within  a  d,  formative  cells  or  fibroblasts, 

capillary. 

Fig.  193.    Intravascular  development  op  new  fibrous    tissue  in  the   liver. 
Fibroblasts  and   small  leucocytes  are  seen  lying  within  the  capillaries. 

From  the  extravasated  cells  new  fibrous  tissue  is  gradually  elaborated 
by  the  development  of  fibroblasts,  that  is  to  say  of  large  cells  with  clear 
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vesicular  nuclei  (Fig.  180  d).  When  the  process  extends  to  the  lobules 
leucocjtes  accumulate  within  the  lobular  capillaries  (Fig.  189  Z»  and  Fig. 
190),  and  from  them  are  develo25ed  fibroblasts  (Fig.  190)  and  ultimately 
fibrous  tissue. 

The  growth  of  fibrous  tissue  maybe  extravascular  as  well  as  intra- 
vascular, leucocytes  and  fibroblasts  appearing  between  and  among  the 
liver-cells  (Fig.  189  c)  and  presently  compressing  or  displacing  them.  A 
certain  number  of  the  liver-cells  consequently  become  atrophied  and  per- 


FiG.  191.    Granular  atrophic  cirrhosis  of  the  liver 

{Arteries  injected:  carmine  staining :  X  23.) 

a,  remains  of  normal  lobule. 
6,  new-formed  fibrous  tissue, 
c,  bile-ducts. 


d,  infiltration  of  leucocytes. 

e,  interlobular  (portal)  veins. 


ish.     In  some  cases  this  atrophy  by  compression  is  very  considerable,  in 
other  cases  the  cells  persist  in  a  remarkable  way. 

As  a  result  of  the  destruction  of  liver-cells,  which  perish  by  fatty  de- 
generation as  well  as  by  simple  atrophy,  deposits  of  yellow  and  brown 
pigment  appear  in  the  affected  tissue.  Part  of  this  is  derived  from  the 
coloring-matter  of  the  blood,  in  consequence  of  the  interference  with  the 
secretion  of  bile;  part  is  probably  derived  from  bile  actually  secreted,  but 
retained  in  consequence  of  the  blocking  of  the  bile-channels.  The  new- 
formed  fibrous  tissue  is  frequently  infiltrated  with  bile-pigment. 
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The  bile-ducts  are  seldom  greatly  obstracted,  or  diminished  either  in 
size  or  number.  Indeed  in  some  forms  of»  hepatitis  they  appear  to  be 
multiplied. 

497.  When  indurative  hepatitis  has  lasted  for  some  weeks  or  months 
the  connective  tissues  of  the  liver  always  exhibit  a  more  or  less  marked 
hyperplasia. 

This  is  chiefly  shown  in  the  fibrous  portal  sheaths  (Fig.  191  J)  which 
appear  broadened  and  thickened.  In  some  cases  the  fibrous  overgrowth 
is  almost  entirely  confined  to  the  interlobular  structures;  but  it  often 
extends  to  the  lobules,  creeping  along  the  lobular  capillaries  and  intrud- 
ing itself  between  the  columns  of  liver-cells  (a).  In  this  way  many 
groups  of  liver-cells  become  surrounded,  and  appear  in  the  midst  of  the 
overgrown  fibrous  tissue;  they  are  thus  more  or  less  separated  and  cut  off 
from  their  capillaries.  The  result  is  that  some  of  them  perish,  while 
others  which  survive  give  rise  to  clusters  and  strings  of  cells  looking  very 
like  bile-ducts;  these  have  indeed  been  regarded  by  some  as  new-formed 
bile-ducts.  This  view  is  certainly  not  correct,  though  the  strings  of  cells 
do  in  fact  act  as  channels  for  the  bile  between  the  isolated  remnants  of 
liver-tissue  and  the  true  bile-ducts.  The  latter  are  unaffected  by  the 
other  changes  in  the  organ  and  in  some  cases  may  actually  be  increased 
in  number.  AcKERMAisrJsr  succeeded  in  injecting  the  new-formed  chan- 
nels from  the  hepatic  duct.  It  is  however  to  be  noted  that  the  multipli- 
cation is  often  only  apparent.  The  ducts  which  enter  the  lobules,  and 
they  do  so  to  a  greater  depth  than  the  descriptions  in  the  histological 
text-books  would  imply,  are  normally  concealed  by  the  overlying  liver- 
cells;  and  as  these  latter  shrink  or  disappear  the  ducts  become  much  more 
distincty  visible. 

The  hyperplastic  connective  tissue  when  fully  developed  is  dense  and 
fibrous;  it  usually  contains  but  few  cells,  though  in  parts  the  extravasated 
cells  still  remain  (Fig.  191  d  and  Fig.  192  c)  as  evidence  of  the  inflam- 
matory infiltration.  Sometimes  indeed  they  are  so  abundant  that  the 
new  fibrous  tissue  looks  as  if  it  were  itself  infiltrated. 

The  interlobular  fibrous  tissue  is  usually  highly  vascular.  A  certain 
portion  of  the  portal  vascular  system  is  obstructed  or  obliterated  by  the 
inflammatory  changes  in  the  smaller  vessels,  but  some  of  the  interlobu- 
lar veins  always  remain  patent  (Fig.  191  e). 

As  the  j)ortal  capillaries  are  obliterated  the  circulation  in  the  portal 
vein  becomes  obstructed.  This  leads  to  portal  engorgement,  to  swell- 
ing of  the  spleen,  to  ascites,  and  frequently  to  haemorrhage.  The  lobu- 
lar circulation  is  however  not  entirely  interrupted,  for  the  hepatic  artery 
partly  takes  on  the  functions  of  the  portal  vein.  The  main  branches  di- 
late, the  smaller  branches  increase  in  number,  and  furnish  blood  to  the 
tMckened  and  overgrown  capsule  of  Glisson  as  well  as  to  the  lobules. 
But  it  must  be  kept  in  mind  that,  in  the  varieties  of  hepatitis  in  which 
the  liver  becomes  contracted,  this  blood-supply  is  manifestly  insuflficient 
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for  the  nutrition  of  all  the  liver-cells.  The  result  is  that  the  cells  some- 
times very  rapidly  undergo  :^tty  and  pigmentary  degeneration  and  actual 
necrosis. 

The  gradual  obstruction  of  the  portal  circulation  within  the  liver  leads  to  the  i 
opening  up  of  the  vascular  connections  between  the  tributaries  of  the  portal  vein  i 
and  the  veins  of  the  abdominal  wall,  the  diaphragm,  the  oesophagus,  and  the 
capsule  of  the  kidney,  the  lumbar  veins,  and  the  spermatic  veins.  Now  and 
then  the  subserous  veins  of  the  round  (umbilical)  ligament  become  dilated  and 
continuous  with  the  subcutaneous  veins  around  the  umbilicus,  and  so  give  rise 
to  a  tortuous  plexus  of  dilated  veins  visible  on  the  surface  and  known  as  a  caput 
mediisce. 

498.  The  extent  of  the  inflammatory  change  depends  in  the  first  place 
on  the  mode  of  diffusion  of  the  irritant  through  the  liver.   Inflammation 
starting  from  the  portal  vessels  and  inflammation  starting  from  the  he- 
patic artery  differ  notably  in  this  respect.    The  inflammatory  change  may 
be  limited  to  one  or  more  branches  of  the  respective  vessels,  or  it  may 
extend  uniformly  over  the  territory  supplied  by  one  or  by  the  other. 
In  the  former  cases  the  affected  parts  are  scattered  and  isolated;  in  the  i 
latter  the  interlobular  tissue  throughout  the  liver  is  uniformly  affected  tl 
and  altered.     As  the  change  extends  from  the  interlobular  tissue  to  the 
lobules  and  approaches  the  region  of  the  intralobular  vein,  it  of  course  ; 
tends  to  become  more  and  more  uniform   and   diffuse.      Between  the  i 
extremes  of  a  few  isolated  patches  and  an  alteration  of  the  liver-tissue  i 
which  is  uniformly  diffused  there  may  be  any  number  of  intermediate  '^ 
grades. 

The  variety  of  inflammation  which  starts  in  the  bile-ducts,  or  so- 
called  biliary  hepatitis^  has  certain  peculiarities.     It  generally  arises  in  .; 
connection  with  retention  of  bile,  and  engorgement  of  the  biliary  canals  i 
(Art.  512).     The  inflammation   is   at  first  confined  to    circumscribed  I 
patches,  usually  round  in  shape  and  infiltrated  with  bile-pigment.     The  * 
patches  lie  either  in  the  interlobular  tissue  or  within  the  lobules.    The  in- 
flammation is  sometimes  of  the  plastic  or  formative  type  and  sometimes 
purulent. 

Recent  inflammation  of  the  liver  is  always  accompanied  by  swelling 
of  the  whole  organ,  which  is  more  marked  as  the  inflammation  is  more 
extensive.  Minute  patches  of  inflamed  tissue  may  not  be  recognizable 
by  the  unaided  eye,  but  when  they  reach  any  perceptible  size  they  ap- 
pear gray  or  grayish-red. 

When  fibrous  tissue  is  developed  in  consequence  of  antecedent  inflam-  : 
mation  the  enlargement  of  the  liver  becomes  still  more  marked.     This  i 
secondary  enlargement  is  naturally  greatest  in  cases  where  the  affection  t 
extends  over  the  entire  intra-hepatic  portal  system,  and  thence  spreads 
to  the  lobules. 

The  appearance  of  the  liver  at  this  stage  exactly  resembles  that  de- 
scribed in  Art.  480  as  the  condition  of  infiltration,  and  represented  in 
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Pig.  180.  The  difference  is  merely  that  in  the  interlobular  tissue  and 
in  the  lobules  we  have  accumulations  not  only  of  pigment  or  of  leuco- 
cytes but  also  of  formative  cells  and  fibrous  tissue  varying  in  tint  from 
grayish  or  reddish  to  yellow  or  greenish  according  to  the  amount  of  blood 
and  of  bile-pigment  present.  The  yellow  or  greenish  staining  is  most 
marked  when  the  outflow  of  bile  is  hindered  by  the  development  of  fibrous 
tissue  and  the  retained  bile  stagnates  and  forms  concretions  in  the  ducts. 

The  lobules  themselves  may  appear  brownish-red,  brown,  yellow,  or 
gray  according  as  they  contain  more  or  less  of  blood  or  bile. 

The  enlargement  of  the  liver  by  the  growth  of  new  fibrous  tissue  is 
sometimes  so  great  that  the  weight  rises  to  three  or  four  kilogrammes 
(seven  to  nine  pounds)  or  more.  The  condition  might  be  aptly  termed 
hyperplastic  fibroid  induration,  but  it  is  usually  spoken  of  as '^hyper- 
trophic  cirrhosis.'     The   surface   of  the  liver  is  smooth,  the  tissue 
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Fia.  193.    Atrophic  cirrhosis  of  the  liver. 
a,  isolated  patches  of  liver-tissue.  c,  cellular  infiltration. 

6,  bands  of  vascular  fibrous  tissue.  d,  peritoneum. 


ense  and  tough.     When  the  lobules  are  invaded  by  the  growth  of  fibrous 
tissue  their  outlines  are  indistinct  or  entirely  lost. 

The  liver  can  of  course  become  larger  in  this  way  only  when  the  new 
ibrous  tissue  which  is  added  more  than  counterbalances  the  liver-cells 
Jn^hich  are  atro^Dhied  or  destroyed.  In  many  cases  this  is  actually  the 
pase  throughout,  that  is  to  say  up  to  the  death  of  the  patient.  But  in 
ptber  cases  the  progressive  atrophy  of  the  parenchyma  is  so  gi'eat  that 
|he  volume  of  the  liver  as  a  whole  diminishes  again. 
I  "When  the  fibrous  overgrowth  is  at  all  extensive  the  diminution  of 
Tolume  is  not  so  great  as  to  reduce  the  size  of  the  liver  much  below  the 
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normal.  This  last  is  much  more  likely  to  happen  when  the  change  is  from 
the  beginning  somewhat  limited,  affecting  the  interlobular  tissue  only, 
and  not  the  whole  of  that. 

In  such  a  case  the  section  of  the  liver  shows  at  first  nothing  more  than 
a  number  of  bands  or  strands  of  fibrous  tissue  (Fig.  192  h)  running 
through  it;  these  are  grayish-red  or  yellow  or  greenish,  and  enclose  iso- 
lated patches  of  liver  tissue  that  look  yellow  or  gray  or  brownish  as  the 
case  may  be. 

As  the  fibrous  tissue  shrinks  and  the  liver-cells  become  atrophied,  the 
liver  at  first  more  or  less  enlarged  begins  to  contract.  At  the  same  time 
it  becomes  uneven  and  its  surface  is  roughened,  from  the  unequal  shrink- 
ing of  the  fibrous  bands  {h)  and  of  the  remaining  patches  of  liver-tissue. 
When  these  latter  are  small  the  section  appears  granular;  when  they  are 
larger  it  is  rather  to  be  described  as  nodular  or  tuberculated  or  '  hob- 
nailed.' When  the  fibrous  overgrowth  (and  thus  the  contraction)  is  con- 
fined to  a  part  only  of  the  portal  territory,  the  inequalities  are  of  larger 
size  and  the  liver  may  thus  become  lobulated.  In  extreme  cases  the  vol- 
ume of  the  shrunken  organ  is  reduced  by  a  half  or  two-thirds,  aiid  its 
form  is  at  the  same  time  gravely  altered  so  that  it  becomes  rolled  up  into 
a  cylinder  or  flattened  and  tongue-shaped. 

Interstitial  hepatitis  leading  to  contraction  of  the  liver  is  described 
as  atropMc  or  Laennec's  cirrhosis  (Fig.  191). 

Chronic  interstitial  hepatitis  has  been  much  investigated  during  the  last 
twenty  or  thirty  years,  and  attempts  have  been  made  to  distinguish  various 
forms.  SuRRE  for  example  describes  eight  of  these.  Such  classifications  have 
no  great  scientific  value,  as  the  forms  constantly  pass  one  into  another.  It  is 
enough  to  distinguish  the  hypertrophic  conditions  from  the  atrophic;  and  even 
then  it  must  be  borne  in  mind  that  these  conditions  merely  represent  different 
degrees  or  different  stages  of  what  is  essentially  one  and  the  same  process. 

Charcot  and  Gombault  have  contended  that  biliary  hepatitis  (Art.  498)  always 
corresponds  to  the  hypertrophic  form;  but  this  is  incorrect,  for  inflammations 
starting  from  the  bile-ducts  do  not  always  lead  to  hypertrophic  induration  (Art. 
512),  while  the  latter  is  often  a  result  of  inflammations  starting  from  the  portal 
vein  or  hepatic  artery. 

Jaundice,  which  may  present  or  absent  in  cases  of  cirrhosis,  does  not  by  itself 
indicate  either  one  form  or  the  other;  for  both  may  in  certain  cases  lead  to  re- 
tention of  bile  by  obstruction  of  the  smaller  ducts. 

References: — Bright,  Medical  Cases  London  1827,  Guy's  Hosp.  Rep.  1836; 
BUDD,  Diseases  of  the  liver  London  1857;  Frerichs,  Klinik  d.  LeherJcrankheiten, 
Diseases  of  the  liver  (New  Syd.  Soc.  trans,  by  Murchison)  London  1862;  E.  Wag- 
KER,  Arch.  d.  Heilkunde  lii. ;  Liebermeister,  Beitrdge  zur  path.  Anat.  u.  Klinik 
d.  I,e6erfcra7^A;/^.e^■f en  Tubingen  1864;  Habershon,  (Jrty's  H'osp.  Rep.  1871;  Laen-  ^ 
NEC,  Traite  deV auscultation  mediate  Paris  1826;  Charcot,  Legons  sur  les  malad.  \ 
dufoie  et  des  reins  Paris  1877;  Zenker,  Deutsch.  Arch.  f.  klin.  Med.  x.;  Cornil, 
Arch,  dephysiol.  1874;  Hayem,  ibid.  1874;  Thierfelder,  Ziemssen's  Cyclop,  ix., 
Atlas  d.  path.  Histologic;  Jaccoud,  Traite  depath.  li.;  Brieger,  Virch.  Arch.  vol. 
75;  KiJsSNER,  Sammlung  klin.  Vortrdge  no.  141;  Nicati  and  Richaud,  Travaux 
du  Idboratoire  de  la  rue  des  Fahres  d  Marseille  1881;  Hamilton,  Journ.  of  anat. 
and  physiol,  xiv.;  Charcot  and  Gombault,  ArcK.  dephysiol.  1876,  Legons  sur  les 
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maladies  dufoie,  Progr^s  medical  1876,  Legoiis  sur  diverses  formes  de  scUrose  li4- 
patique  Paris  1879;  ScaMior,  Zur  jMth.  Anat.  d.  Lebcrcirrhoss  In.  Diss.  Boun 
iSiiO;  ACKERMANN,  Vircli.  Arch.  vol.  80;  Wyss,  Vlrcli.  Arch.  vol.  85;  Hanot,  Arch, 
ginerales  de  med.  1876;  Surue,  Etude  sur  diverses  formes  de  sclerose  hepatique 
Pai-is  1879;  Popoff,  Virch.  Arch.  vol.  81;  Posner,  ibid.  vol.  79;  Simons,  Deutsch. 
Arch.f.  klin.  Med.  xxvii.;  Mangelsdorf,  ibid.  xxxi. ;  Beloossow,  Arch.  f.  exp. 
Path.  XIV.;  LiTTEN,  Charite-Annalen  v.  (1878);  FoA  and  Salvioli,  xircli.  j^cr  le 
scienzemed.  1877;  Teuffel,  Ueber  liepatitis  sequestrans  In.  Diss.  Tubingen  1878; 
Carl,  Ueber  hepatitis  sequestrans  In.  Diss.  Tiibingen  1880;  Sabourin,  Pevue  de 
med.  1883  (finds  that  the  intralobular  veins  are  frequently  occluded  in  c'rrhosis); 
Aufrecht,  Pathol.  Mittheil.  ii.  (1883). 

FoA,  Salvioli,  Litten,  Leg,  Popoff,  Beloussow,  and  others  have  produced 
artificial  hepatitis  by  ligature  of  the  common  bile-duct  in  dogs,  rabbits,  aud 
guinea-pigs  (Ai't.  512). 

Syphilitic  hepatitis. 

498.  Acquired  syphilis  may  give  rise  to  certain  diffuse  inflamma- 
tory changes  in  the  liver,  which  from  an  anatomical  point  of  yiew  closely 
resemble  the  forms  of  cirrhosis  we  have  Just  considered.  The  syphilitic 
nature  of  the  lesions  can  therefore  be  determined  only  when  other  affec- 
tions more  characteristic  of  the  disease  are  present. 

But  diffuse  change  of  this  kind  is  less  common  as  a  result  of  syphilis 
than  are  certain  circumscribed  and  localized  lesions,  of  which  we  seldom 
see  anything  but  the  terminal  stages  in  the  post-mortem  room. 

At  various  points,  but  chiefly  in  the  neighborhood  of  the  suspensory 


Fig.  193.    Gumma  of  the  lfver  undergoing  caseation.    (X  25.) 

a,  gumma  enclosed  in  a  capsule  of  scar-tissue. 

b,  artery  with  thickened  wall.  c,  obliterated  portal  vein. 

ligament,  the  surface  of  the  liver  is  scarred  and  contracted  or  puckered, 
the  peritoneal  covering  being  thickened.  If  a  section  is  made  through 
one  of  these  scars,  we  come  upon  a  knot  of  dense  fibrous  tissue  which 
sends  radiating  bands  or  branches  into  the  surrounding  liver-substance 
(Fig.  193). 

The  lobules  included  between  these  fibrous  bands  are  brown  and  atro- 
phied. As  the  centre  of  the  node  is  approached  the  liver-tissue  becomes 
less  and  less  visible,  being  reduced  to  mere  isolated  patches  and  fragments 
(Fig.  194  c)  and  at  length  in  the  fibrous  zone  disappearing  altogether. 
Sometimes  this  is  all  that  is  found,  but  in  other  cases  the  fibrous  node 
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contains  within  it  a  caseous  patch  from  the  size  of  a  pin's  head  to  that  of 
a  cherry  or  larger.  The  patch  if  recent  is  surrounded  by  a  gray  semi- 
translucent  areola  of  cellular  tissue  (Fig.  193).  In  the  later  stages  it  is 
directly  enclosed  by  the  fibrous  zone,  though  isolated  cellular  foci  may 
persist  for  a  long  time  in  the  neighborhood  of  the  node.  Such  a  node  is 
referred  to  as  a  gumma  or  gummatous  node  (Art.  130). 

In  rare  cases  two  or  more  gummata  are  included  in  the  same  scar,  and 
occasionally  there  is  none  at  alL  Similar  gummata  are  met  with  also  iu 
the  deeper  parts  of  the  liver;  there  may  be  as  many  as  thirty  or  more  of 
them.  When  the  scars  are  numerous  the  liver  becomes  lobulated  by  their 
contraction. 

As  described  in  Art.  130  the  centre  of  the  node  consists  of  homoge- 
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Fig.  194.    Syphilitic  scar  and  gumma  of  the  liver. 

(Hardened  in  alcohol,  stained  with  alum  carmine,  mounted  in  Canada  balsam:  X  12.) 

a,  caseous  centre.  d,  ramifying  bands  of  fibrous  tissue. 

■b,  zone  of  dense  fibrous  tissue.  e,  patch  of  semi -translucent  cellular  tissue, 

c,  fibrous  tissue  enclosing  fragments  of  liver-  /,  cellular  foci  outside  the  fibrous  zone, 

tissue.  g,  normal  liver-tissue. 

neous  denucleated  necrotic  tissue,  or  of  granular  detritus;  the  gray  areoLi 
and  the  cellular  foci  are  made  up  of  granulomatous  tissue.  The  mate- 
rials in  the  centre  are  the  remains  of  the  liver-tissue  infiltrated  and  de- 
stroyed in  consequence  of  the  syphilitic  inflammation.  The  inflammatory 
process  resulted  primarily  in  the  formation  of  a  kind  of  granulatiou- 
tissue;  but  this  was  not  completely  transformed  into  new  fibrous  tissue, 
part  of  it  becoming  necrotic  and  ultimately  caseous.  The  non-formative 
or  rather  destructive  character  of  the  syphilitic  inflammation  is  due  either 
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to  some  peculiar  property  of  the  syphilitic  virus,  or  to  the  rupid  occlusion 
of  the  smaller  blood-vessels  (portal  and  arterial)  by  specific  endophlebitis 
and  endarteritis. 

500.  Congenital  syphilis  also  leads  to  hepatic  disease.  The  affec- 
tion takes  the  form  either  of  cellular  infiltration  with  more  or  less 
extensive  fibroid  induration,  or  of  gummatous  growths.  These  forms  are 
met  with  not  only  in  foetuses  and  in  infants  who  have  died  soon  after 
birth,  but  also  in  young  patients  who  in  their  infancy  have  not  shown 
the  signs  of  the  disease. 

When  the  cellular  infiltration  is  slight  the  liver  is  not  visibly  altered, 
80  far  as  can  be  made  out  by  the  naked  eye.  The  microscope  however 
readily  j^roves  the  presence  of  extravasated  leucocytes  or  granulation- 
cells.  The  interlobular  tissue  is  usually  the  most  affected,  though  infil- 
trated patches  lying  within  the  lobules  are  not  uncommon.  The  leuco- 
cytes are  often  aggregated  in  greater  numbers  within  the  capillaries  than 
outside  them. 

In  marked  contrast  to  this,  the  mildest  variety  of  the  affection,  we 
occasionally  meet  with  cases  in  which  the  whole  liver  is  beset  with  new 
fibrous  tissue,  and  thereby  remarkably  altered,  enlarged,  and  indurated. 
The  liver-substance  is  either  uniformly  pale  or  grayish-yellow,  or  of  the 
color  of  flint  (GtUBLek)  mottled  with  yellow,  brown,  and  gray.  The  lob- 
ular structure  is  more  or  less  indistinct,  the  cut  surface  having  an  even 
uniform  structure. 

The  induration  and  enlargement  are  due  to  an  abundant  overgrowth 
of  fibrous  tissue,  which  extends  with  more  or  less  uniformity  not  only 
along  the  portal  sheaths  but  through  the  entire  capillary  network  of  the 
lobules. 

The  result  is  that  the  liver-cells,  where  they  still  survive,  are  for  the 
most  part  shut  off  from  their  capillaries 
(Fig.  195)  by  a  stratum  of  fibrous  tissue 
either  homogeneous  and  containing  few 
cells  or  fibrillated  and  cellular.  The 
liver-cells  thus  surrounded  and  enclosed 
are  more  or  less  atrophied  and  distorted; 
in  some  places  they  disappear  altogether. 
At  the  same  time  the  configuration  of 
the  capillary  network  is  remarkably 
altered. 

This  form  of  diffuse  fibrous  over- 
growth leads  to  a  hypertrophic  cirrhosis 
of  the  liver  in  the  manner  already  de- 
scribed ;  but  certain  other  forms  of 
induration  occur  in  patients  suffering 
from  congenital  syphilis  which  belong 
rather  to  the  class  of  atrophic  cirrhoses. 


Fg.  195.  Diffuse  fibroid  induration  of 
the  liver  in  congenital  syphilis. 

{From  an  injected  preparation :  X  150.) 

The  atrophied  liver-cells  are  everywhere 
separated  from  the  capillaries  by  a 
stratum  of  fibrous  tissue. 


There  are  also  cases  in  which 
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the  fibrous  overgrowth  is  confined  to  the  sheaths  of  the  larger  branches 
of  the  portal  vein,  and  often  reaches  an  extraordinary  development. 
The  fibrous  tissue  is  sometimes  highly  cellular,  sometimes  not. 

Gummatous  hepatitis  is  another  variety  of  syphilitic  inflammation. 
It  occurs  in  two  forms,  the  miliary  and  the  nodose. 

Miliary  gummata  or  syphilomata  are  simply  small  circumscribed  foci 
of  inflammatory  infiltration,  seated  partly  in  the  interlobular  tissue, 
partly  in  the  lobules.  The  affection  is  thus  a  special  modification  of  the 
syphilitic  hepatitis  already  described.  The  nodules  are  scattered  through 
the  entire  liver,  or  confined  to  particular  regions ;  in  the  latter  case  they 
are  usually  aggregated  into  groups  and  clusters.  The  single  foci  are 
punctiform,  or  it  may  be  as  large  as  a  pin's  head  ;  when  recent  they  are 
gray,  but  afterwards  they  turn  yellowish- white  or  yellow.  The  interven- 
ing liver-tissue  is  either  unaltered  or  affected  with  diffuse  interstitial 
inflammation.  Some  of  the  liver-cells  within  the  inflamed  area  are 
broken  down  or  necrotic. 

Nodose  gummata  are  most  frequently  met  with  in  patients  who  sur- 
vive birth  some  months  or  years.  When  recent  they  form  rounded  or 
elongated  and  branched  white  patches  with  serrated  or  irregular  margins. 
After  a  time  the  centre  becomes  caseous,  and  coarse  cicatricial  tissue 
forms  about  the  periphery  :  as  this  contracts  the  surface  of  the  liver  is 
usually  drawn  in  and  puckered.  The  gummata  of  congenital  syphilis 
are  thus  very  similar  to  those  of  the  acquired  disease.  When  the  liver 
is  at  all  gravely  affected  by  syphilitic  hepatitis,  inflammatory  changes  are 
induced  in  the  capsule  or  serous  covering  (perihepatitis),  which  take  the 
form  either  of  simple  exudations  or  of  membranous  adhesions  to  the  sur- 
rounding parts. 

References: — Frerichs,  Klinik  d.  Leberkrankheiten,  Diseases  of  the  liver  ii. 
London  1863 ;  Virchow,  Die  krankh.  OeschwiXlste  ii. ;  Gubler,  Gazette  med.  de 
Paris  1852,  1854 ;  Budd,  Diseases  of  the  liver  London  1857 ;  Wilks,  Guy's  Hasp. 
Rep.  1863,  Trans.  Path.  Sac.  1866  ;  Barensprung,  Die  hereditdre  Syphilis  Berlin 
1864;  Weber,  Trans.  Path.  Soc.  1866;  MoxoN,  ibid.  1871,  1872;  Lancereaux, 
Traite  de  la  syphilis  Paris  1873  (trans,  by  Whitley,  New  Syd.  Soc.  London  1869), 
with  references  ;  ScHtJPPEL,  Arch.  d.  Heilk.  xi. ;  Hintzen,  Beitrdge  z.  Lehre  von 
d.  eongenitalen  Syphilis  In.  Diss.  Tiibingen  1869  ;  E.  Wagner,  Arch.  d.  Heilk. 
v.;  Freund,  Jahrb.  d.  Kinderheilk.  IX.  (1875);  Birch-Uirschfeld,  Gerhardt's 
Handb.  d.  Kinderkr.  iv.;  Chvostek,  Viertelj.  f.  Derm.  u.  Syph.  nil.  (1881); 
Caille,  Zur  path.  Anat.  d.  congen.  Lebersyphilis  In.  Diss.  Wiirzburg  1877 ; 
Cornil  and  Ranvier,  Man.  Path.  Hist.  i.  London  1882. 

Tuberculosis  of  the  liver. 

501.  Tuberculosis  of  the  liver  appears  in  two  chief  forms,  namely 
as  miliary  tuberculosis  and  as  tuberculous  hepatitis. 

The  former  is  much  more  common  than  the  latter,  and  is  usually  but 
a  part  of  a  general  tuberculosis  involving  several  organs  or  the  entire 
body.     The  liver  is  beset  with  minute  nodules,  often  so  small  as  to  be 
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scarcely  perceptible,  and  gray,  yellow,  or  bile-stained,  as  the  case  may  be. 
The  nodules  lie  either  in  the  interlobular  tissue  or  in  the  lobules  or  in 
both. 

The  nodules  when  recent  consist  of  simple  aggregations  of  small  cells 
(Pig.  196  h) ;  when  more  advanced  they  contain  giant-cells  ;  when  '  ma- 
ture' the  central  cells  are  denucleated  and  necrotic. 

The  most  recent  tubercles  exactly  resemble  foci  of  simple  inflamma- 
tory infiltration.  The  eruption  of  nodules  is  not  infrequently  accom- 
panied by  a  diffuse  and  somewhat  extensive  cellular  infiltration  of  the 
liver  generally.  Nodules  of  larger  size  are  as  a  rule  manifestly  made  up 
of  smaller  nodules. 

As  the  tubercles  become  mature  the  infiltrated  liver-tissue  in  which 
they  are  seated  becomes  necrosed  and  the  cells  are  transformed  into 
shapeless  denucleated  blocks.  The  bile-ducts  sometimes  perish  in  like 
manner.     When  they  are  surrounded  or  enclosed  by  tubercles  the  epithe- 


Fig.  196.    Miliary  tuberculosis  of  the  liver. 
{Carmine  staining:     X  150.) 
a,  mature  tubercle.  b,  crude  or  recent  tubercle. 

lial  crlls,  especially  when  they  coalesce  or  fuse  together,  may  simulate 
giant-cells.  According  to  Aris-old  new  bile-ducts  may  be  formed  in  the 
midst  of  a  tuberculous  nodule,  as  in  non-tuberculous  interstitial  hepatitis 
(Art.  497). 

In  the  second  form  of  tuberculosis,  or  chronic  tuberculous  hepatitis, 
there  is  not  only  an  eruption  of  nodules  but  also  a  diffuse  fibrous  hyper- 
plasia of  the  liver.  Its  tissue  is  traversed  by  more  or  less  dense  bands  of 
fibrous  tissue,  containing  small  gray  tubercles  or  larger  yellow  or  bile- 
stained  caseous  patches.  When  these  reach  a  considerable  size  they  break 
down  and  cavities  are  formed,  which  enclose  liquid  or  pulpy  bile-stained 
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detritus.  Cases  occur  in  which  the  entire  organ  is  honeycombed  with 
innumerable  cavities  varying  in  size  from  that  of  a  pea  to  that  of  a  wal- 
nut ;  but  such  cases  are  rare.  Large  caseous  nodes,  resembling  the  soli- 
tary tubercles  of  the  brain,  are  also  rare. 

References  : — J.  Arnold,  Virch.  Arch,  vol.  80  ;  Orth,  ibid.  vol.  60. 
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CHAPTEE  LXL 

TUMORS  AND   PARASITES   OF  THE   LIVER. 

Primary  Tumors. 

502.  Both  epithelial  and  connective-tissue  tumors  occur  in  the  liver, 
but  rarely  as  primary  growths. 

Of  the  epithelial  tumors  adenoma  must  first  be  considered,  though  it 
is  a  decidedly  rare  afEection.  It  takes  the  form  of  multiple  nodules, 
from  the  size  of  a  millet-seed  to  that  of  a  cherry,  and  grayish  or  yellowish 
or  reddish  on  section.  The  smallest  nodules  are  continuous  with  the 
surrounding  liver-tissue,  the  larger  ones  are  enclosed  in  a  fibrous  capsule 
and  frequently  undergo  a  process  of  internal  softening. 

When  the  adenomatous  nodules  are  numerous  the  liver  becomes 
greatly  enlarged,  and  its  surface  is  beset  with  rounded  protuberances. 
Only  one  case  is  recorded  (Greenfield)  in  which  the  tumor  had  given 
rise  to  metastatic  growths. 

The  nodules  consist  of  convoluted  and  anastomosing  glandular 
tubes  resembling  the  convoluted  tubules  of  the  kidney,  and  embedded  in 
a  framework  of  vascular  fibrous  tissue.  According  to  Rindfleisch 
these  tubes  are  developed  from  the  cylindrical  columns  or  trabeculae  of 
the  liver-cells;  the  cells  being  supposed  to  multiply  abnormally  and  to 
group  themselves  into  tubular  clusters.  As  the  smaller  nodules  increase 
m  size,  fresh  liver-cells  are  drawn  into  the  growth,  and  the  tubes  already 
developed  throw  out  fresh  off-shots  and  branches. 

References:— Griesinger,  Arch.  d.  Heilk.  v.  (1864);  Rindfleisch,  ibidem; 
Path.  Histol.  vol.  i.;  Greenfifld,  Trans.  Path.  Soc.  1874;  Kelsch  and  Kiener, 
Arch,  dephysiol.  lu.  1876  (with  good  figures);  Birch-Hirschfeld,  Lehrb.  d.  path, 
Anat.  Leipzig  1877. 

503.  Carcinoma  of  the  liver,  as  a  primary  growth,  occurs  in  three 
chief  forms. 

In  the  first  or  nodose  form,  one  or  more  nodes  are  formed,  which 
may  be  seated  in  any  part  of  the  liver,  but  occur  most  commonly  in  the 
right  lobe.  The  nodes  are  often  of  great  size  and  cause  the  affected  lobe 
to  be  much  enlarged,  the  normal  tissue  being  for  the  most  part  replaced 
by  tumor-tissue.  The  nodes  are  iisually  globular  and  consist  of  soft  or 
hard,  white  or  slightly  reddened  tissue;  the  amount  of  cancer-juice  which 
can  be  scraped  from  the  cut  surface  varies  much,  and  is  sometimes  very 
small  indeed.   At  some  points  the  tumor-tissue  is  sharply  marked  off  from 
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the  liver-tissue,  the  latter  being  manifestly  compressed  and  distorted. 
At  other  points  the  tumor  is  continuous  with  the  liver-tissue.  The 
larger  nodes  are  frequently  softened  or  necrotic  in  the  centre,  or  contain 
extravasated  blood. 

The  second  form  lias  been  well  described  as  diffuse  cancerous  infiltra- 
tion (or  degeneration)  of  the  liver.  The  organ  is  more  or  less  enlarged, 
sometimes  greatly  enlarged,  the  serous  capsule  is  thickened  and  tuber- 
culated,  much  as  in  atrophic  cirrhosis.  On  section  also  there  is  a 
resemblance  to  the  cirrhotic  liver,  inasmuch  as  the  whole  organ  is  traversed 
and  beset  with  anastomosing  fibrous  bands  enclosing  prominent  islands 
of  pale  or  reddish  or  bile-stained,  tissue.  On  examination  these  islands 
are  seen  to  be  carcinomatous  in  structure,  and  so  the  affection  is  dis- 
tinguished from  ordinary  cirrhosis. 

In  the  third  form  the  cancerous  growths  are  seated  in  the  interlobular 
connective  tissue.    Wherever  the  portal  vessels  run  they  are  seen  to  be 


Fig.  197.    Cancer  of  the  bile  ducts. 

{Hcumatoxylin  staining :  X  200.) 

At  the  left  side  below  a  cancerous  cell-nest  is  seen  in  communication  with  a  bile-duct. 

accompanied  by  white  tumid  nodules,  in  close  mutual  contact  or  actually 
coalescent,  and  varying  in  size  with  the  size  of  the  vessels.  The  smallest 
nodules  are  about  the  size  of  a  millet-seed,  the  largest  may  be  three  to 
four  centimetres  across.  The  liver  as  a  whole  is  of  course  greatly  en- 
larged. The  surface  is  smooth,  as  the  nodules  generally  lie  deep,  only 
appearing  (as  white  uneven  protuberances)  about  the  portal  fissure. 

None  of  the  various  forms  of  hepatic  cancer  show  any  marked  pecu- 
liarity of  structure  (Fig.  197).  The  epithelial  cells  often  form  mere 
atypical  clumjis  or  nests;  but  cases  occur  in  which  they  are  arranged 
somewhat  after  the  glandular  type,  the  periphery  of  the  nests  being 
clothed  with  a  layer  of  cylindrical  cells.  Sometimes  too  the  alveoli  of 
the  fibrous  stroma  are  simply  lined  with  epithelial  cells,  without  other 
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contents.  So  far  as  can  be  made  out  by  examination  of  sections,  it  ap- 
pears that  the  neoplastic  epithelial  growth  may  start  either  from  the 
epithelium  of  the  bile-ducts  or  from  the  liver-ccUs  themselves.  It  ^s 
sometimes  possible  to  make  out  an  actual  communication  between  the 
cell-nests  and  the  unaltered  bile-ducts  (Fig.  197). 

References: — Perls,  Virch.  Arch.  vol.  56;  Weigert,  ibid.  vol.  67;  Schuppel, 
Arch.  d.  Heilk.  1868,  Ziemssen's  Cyclop,  ix. ;  Naunyn,  Du  Bois-Reymond's  Arch. 
1866;  Waldeyer,  Virch.  Arch,  vol.55;  Birch-Hirschfeld,  Gerhardt's Handb.  d. 
Kinderkr.  viii. ;  Wulff,  Der  prim.  Leberkrebs  In.  Diss.  Tubingen  1876. 

504.  Primary  connective-tissue  growths  are  very  rarely  met  with  in 
the  liver;  but  cavernous  angioma  or  erectile  tumor  is  not  so  uncommon. 

Cavernous  angiomata  (Art.  150)  form  tumors  as  small  as  a  millet- 
seed  or  as  large  as  the  fist,  taking  the  place  of  a  corresponding  amount 
of  liver-tissue.     The  liver  is  therefore  not  necessarily  enlarged. 

Angiomata  lying  close  beneath  the  capsule  appear  as  dark  or  livid 
spots;  on  section  they  are  dark-rod.     In  the  larger  tumors  the  cavernous 

/ 


Fig.  198.  Section  pbom  the  advancing  border  of  a  very  small  cavernous  angioua  of 

the  liver.  (x  150.) 

or  spongy  texture  is  easily  recognized,  the  pale  fibrous  septa  contrasting 
with  the  blood  contained  in  the  meshes  and  cavities.  The  larger  tumors 
again  are  bounded  by  a  fibrous  capsule,  while  the  smaller  are  continuous 
with  the  liver-tissue. 

As  we  have  pointed  out  in  Art.  150,  the  cavernous  growth  arises  from 
a  varicose  dilatation  of  the  capillaries  of  a  lobule  (Fig.  198),  accompanied 
by  the  disappearance  of  the  liver-cells.  Proliferation  of  the  intervascular 
connective  tissue  is  a  secondary  phenomenon.  The  capsule  of  the  larger 
tumors  is  formed  essentially  of  the  interlobular  fibrous  tissue  surround- 
ing the  lobules.  The  intercavernous  septa  vary  in  thickness,  but  are 
usually  thin  and  delicate. 

Cavernous  angioma  is  thus  strictly  speaking  no  true  neoplasm;  it  is 
due  primarily  to  a  localized  atrophy  of  the  liver-cells.  Accordingly  we 
find  it  most  frequently  in  the  atrophied  livers  of  aged  patients.  Not  in- 
frequently the  tumors  are  multiple,  the  liver  being  beset  with  a  multi- 
tude of  cavernous  patches  of  the  most  various  sizes. 
22- 
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True  connective-tissue  tumors  of  the  liver  are  as  we  have  said  very 
rare.  Various  forms  have  however  been  described,  notably  fibroma  and 
sarcoma. 

Some  years  ago  the  author  met  with  a  case  in  which  the  liver  was  be- 
set, along  the  course  of  the  sympathetic  nerves,  with  a  multitude  of 
small  firm  flbroneuromata,  from  the  size  of  a  millet-seed  to  that  of  a 
bean.  The  patient  in  question  had  like  fibroneuromata  seated  on  all 
his  nerves,  except  the  olfactory  and  the  optic. 

Melanosarcoma  (endothelioma  melanodes.  Art.  162)  has  also  been 
observed.  In  a  case  recently  examined  the  liver  was  greatly  enlarged 
and  thickly  interspersed  with  grayish-brown  and  black  growths  of  the 
most  diverse  forms  and  varying  in  size  from  that  of  a  millet-seed  to  that 
of  a  walnut.  To  judge  from  the  appearances  presented  by  the  smallest, 
the  neoplastic  growth  started  from  the  endothelium  of  the  lobular  capil- 
laries, and  gave  rise  to  gradual  atrophy  of  the  liver-cells.  The  pigment 
lay  chiefly  within  the  tumor-cells,  which  were  curiously  irregular  in 
shape.  In  some  cases  the  pigment  is  scanty  or  absent  in  parts,  and  the 
tumor  has  there  a  whitish  or  grayish  tint. 

Eeferences: — On  angioma:  Art.  150;  Payne,  Trans.  Path.  Soc.  1869;  Steffen, 
Jahrb.  d.  Kinderheilk.  1882.  On  lymphangioma:  Klebs,  Handb.  d.  path.  Anat. 
I.  On  primary  sarcoma  and  melanosarcoma;  Rokitansky,  Path.  Anat.  III. 
FORSTER,  Illustr.  med,  Zeitung  in.;  Frerichs,  Klinik  d.  Leberkrankh.,  Diseases 
of  the  liver  n.  London  1863;  Block,  Arch.  d.  Heilk.  xv^i.  (1875). 

Secondary  tumors. 

505.  Secondary  or  metastatis  growths,  especially  the  cancerous,  are 
very  common  in  the  liver.  Carcinoma  of  the  stomach,  intestine,  or 
pancreas  is  particularly  apt  to  give  rise  to  them,  though  they  are  not  in- 
frequent as  a  consequence  of  carcinoma  of  the  oesophagus,  uterus,  or 
breast. 

Cancerous  metastases  usually  take  the  form  of  nodes,  which  vary 
much  in  number  and  sometimes  pervade  the  entire  liver.  According  to 
their  stage  of  development  they  may  be  small,  measuring  only  11-20 
mm.,  or  .:o  large  as  to  measure  2-10  cm.  in  diameter. 

The  smaller  growths  when  they  lie  beneath  the  capsule  appear  as 
whitish  patches,  the  larger  project  above  the  surface  and  are  sometimes 
umbilicated.  The  overlying  part  of  the  capsule  is  usually  congested  and 
injected.  When  the  nodes  are  both  large  and  numerous  the  liver  is  en- 
larged, often  enormously  so,  and  its  surface  is  uneven  and  tuberous. 
The  nodes  on  the  anterior  edge  can  often  be  felt  through  the  relaxed  ab- 
dominal wall.  On  section  the  tumors  appear  white  or  yellowish- white 
with  perhaps  a  tinge  of  red. 

The  centre  of  a  large  node  is  not  uncommonly  found  to  be  opaque, 
fatty,  and  softened,  so  that  scraping  yields  a  pulpy  mass  rather  than  a 
juice.     Caseous  and  hsemorrhagic  patches  arcalso  met  with. 
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The  form  of  the  primary  carcinoma  determines  to  a  great  extent  the 
characters  of  the  secondary  growths.  When  the  primary  tumor  (as  in  the 
stomach  or  intestine)  is  soft  and  medullary,  the  secondary  tumors  are 
also  soft:  they  are  hard  and  firm  when  the  primary  tumor  (as  in  the  pan- 
creas or  breast)  is  firm  or  scirrhous.  Melanotic  cancers  give  rise  to 
brown  or  black  metastases  in  the  liver. 

The  surrounding  liver-tissue  is  visibly  compressed,  and  it  may  or  may 
not  be  sharply  marked  off  from  the  tumor-tissue.  The  smaller  nodes 
are  usually  ill-defined,  the  larger  ones  are  more  distinctly  circumscribed. 
But  in  this  respect  something  depends  on  the  structure  of  the  tumor: 
the  softer  varieties  are  more  apt  to  thrust  back  the  surrounding  tissue, 
the  firmer  usually  infiltrate  it. 

The  liver-tissue  itself  is  brown,  yellow,  or  yellowish-green,  the  last 
being  a  sign  of  retention  or  stagnation  of  bile.     When  the  cancerous 


Fig.  199.    Cancerous  embolus  in  a  hepatic  capillary. 

(From  a  primary  adenocarcinoma  of  the  stomach:  hcematoxylin  staining:  X  300.) 

Fig.  200.    Metastatic  growth  op  cancer  in  a  hepatic  capillary. 

(From  a  primary  cancer  of  the  pancreas:  fibrous  tissue  is  developing  in  the  capillary;  hcBma- 

toxylin  staining :  X  850). 

growths  are  numerous,  the  liver-tissue  remains  only  in  islands  or  narrow 
bands  surrounded  or  encroached  on  by  the  advancing  neoplastic  tissue. 

506.  The  formation  of  these  metastatic  growths  is  due  to  the 
invasion  of  the  liver  by  germinal  cancer-cells,  which  are  brought  to  it  by 
the  blood-vessels,  and  (very  rarely)  by  the  lymphatics. 

In  by  far  the  greater  number  of  cases  tlie  germinal  cells  reach  the 
liver  by  the  portal  vein.  The  places  where  the  cells  lodge  and  develop 
are  in  the  smaller  branches  of  the  interlobular  veins  or  in  the  capillaries 
of  the  lobules. 

The  first  stage  in  the  development  that  can  be  made  out  is  the  mul- 
tiplication of  the  imported  cells  within  the  capillary  where  they  have 
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lodged  (Fig.  199).  Then  the  capillary  becomes  distended  by  them,  and 
the  surrounding  liver- tissue  is  compressed  or  thrust  aside.  As  the  nodule 
grows  a  new-formed  fibrous  stroma  grows  up  among  and  between  the 
cancer-cells,  and  separates  them  off  into  large  and  small  clusters  or  nests, 
whose  general  grouping  recalls  the  type  of  the  mother-tumor.  This 
fibrous  stroma,  which  is  vascular,  is  derived  from  the  interlobular  connec- 
tive tissue  of  the  liver.  The  liver-tissue  either  continues  to  be  thrust 
aside,  or  is  invaded,  infiltrated,  or  permeated  by  the  new  growth. 

The  infiltration  depends  on  the  fact  that  fibrous  tissue  as  well  as  cell- 
nests  are  developed  within  the  capillaries  (Fig.  200).  The  liver-cells 
surrounded  and  clasped  by  the  new  tissue  presently  become  atrophied 
and  disappear;  before  the  last  stage  they  often  appear  crammed  with  pig- 
ment granules. 

Metastases  derived  from  tumors  not  carcinomatous  are  rarely  met 
with  in  the  liver.  Even  sarcomatous  nodules  are  not  common,  though 
they  are  occasionally  found  in  children. 

Animal  parasites. 

507.  But  few  animal  parasites  take  up  their  permanent  abode  in  the 
human  liver.  The  species  which  do  so  are — Tcema  ecliinococcus  (Arts. 
245-248),  Distoma  hepaticu^n  (Art.  237),  Distoma  lanceolatum  (Art. 
238),  Distoma  hcematohium  (Axt.  239),  Pentastoma  denticulatum  (Art. 
225),  and  the  Psorospermia  (Art.  250).  These  have  been  fully  described 
in  the  General  Pathological  Anatomy;  here  we  propose  merely  to  add 
something  concerning  the  echinococcus  or  hydatid  of  the  liver. 

A  hydatid  has  usually  the  form  of  a  simple  cyst,  of  the  size  of  a  wal- 
nut or  larger.  The  wall  is  composed  of  an  inner  chitinous  layer  and  an 
outer  fibrous  one,  the  latter  being  sometimes  remarkably  thickened. 

If  the  echinococcus  is  alive  the  cyst  contains  a  clear  liquid,  and  the 
inner  surface  is  covered  with  a  whitish  parenchymatous  layer,  on  which 
are  seated  small  white  brood-capsules  containing  scolices  (Art.  245). 

Cases  in  which  the  mother-cyst  is  accompanied  by  internal  or  exter- 
nal daughter-cysts  are  less  common. 

By  the  time  the  liver  comes  to  be  examined  the  hydatid  is  usually 
dead,  and  the  liquid  wholly  or  partially  absorbed.  In  this  case  the  chi- 
tinous capsule  is  shrunken  and  folded,  and  contains  a  white  cheesy, 
pulpy,  or  mortar-like  and  calcareous  mass.  In  this  the  characteristic 
booklets  can  often  be  discovered  lying  loosely.  When  the  cysts  reach  a 
large  size  they  may  burst  into  the  neighboring  parts,  for  example,  into 
the  peritoneum  or  intestine,  or  externally;  sometimes  inflammation  is 
set  up  around  the  cysts. 

Echinococcus  multilocularis,  giving  rise  to  what  was  formerly  de- 
scribed as  'alveolar  colloid'  of  the  liver,  is  a  peculiar  variety  described 
in  Art.  247. 


CHAPTER  LXIL 

THE   GALL-BLADDER  AND   BILIARY   DUCTS. 

508.  Biliary  concretions  and  gall-stones  are  by  far  the  commonest 

abnormalities  in  the  contents  of  the  gall-bladder  and  biliary  ducts  (he- 
patic, cystic,  and  common).  They  occur  as  a  rule  in  elderly  persons, 
more  particularly  in  the  gall-bladder.  The  concretions  are  friable  granu- 
lar yellow  masses.  The  gall-stones  or  biliary  calculi,  which  may  be  as 
small  as  a  millet-seed  or  as  large  as  a  hen's  egg,  are  rounded  or  ovoid,  or 
angular  and  facetted.  The  latter  is  the  case  when  several  gall-stones 
have  lain  together  in  contact  within  the  gall-bladder,  the  former  when 
they  have  lain  singly  in  the  bladder  or  in  one  of  the  ducts. 

The  color,  consistence,  and  density  of  the  stones  vary  with  their  com- 
position. As  a  rule  they  are  somewhat  soft,  the  surface  pale  grayish- 
white,  yellowish,  or  brown  deepening  to  black,  and  either  smooth  or 
rough  as  the  case  may  be. 

On  section  there  is  usually  a  dark-colored  nucleus  consisting  of  a 
combination  of  bile-pigment  (bilirubin)  and  calcium-salts,  surrounded 
by  a  lighter  shell  or  crust  containing  crystalline  plates  of  cholesterin 
radially  disposed.  The  different  species  are  distinguished  according  to 
the  constituent  which  is  most  abundant. 

(1)  Stones  consisting  of  cholesterin.  These  usually  contain  a  pig- 
mented nucleus,  are  single  or  multiple,  grayish-white  or  yellowish-white 
in  color,  smooth  or  rough  on  the  surface,  slightly  translucent,  with 
sometimes  a  kind  of  pearly  lustre.  The  fractured  surface  has  a  radiate 
crystalline  appearance,  and  often  shows  traces  of  stratification.  The 
stones  are  soft  in  texture.  When  stained  with  bile  they  are  sometimes 
yellow  or  greenish  or  brown.  When  mixed  with  calcium-salts  they  ure 
friable  and  chalky. 

(2)  Stones  consisting  of  cholesterin  and  pigment  are  the  common- 
est of  all.  According  to  the  proportion  of  pigment  they  contain  they 
are  yellow,  brown,  black,  or  brownish-green.  They  are  frequently  pres- 
ent in  enormous  numbers  and  distend  the  bladder  or  ducts  to  a  remark- 
able extent.  They  often  contain  a  considerable  amount  of  calcium 
carbonate  and  of  magnesium-salts. 

(3)  Stones  consisting  of  bilirubin  and  calcium-salts,  or  of  biliver- 
din  and  calcium-salts,  are  rare  and  usually  small. 

(4)  Stones  consisting  of  calcium  carbonate  are  very  rare. 
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509.  The  exact  way  in  which  gall-stones  are  formed  is  not  fully 
understood.  In  many  cases  foreign  bodies  are  found  within  them,  and 
we  know  that  such  bodies  introduced  into  the  biliary  passages  become 
crusted  over.  For  example,  a  round-worm,  which  has  crept  into  the 
common  duct  and  there  died,  becomes  covered  with  a  coating  of  granu- 
lar matters  precipitated  from  the  bile. 

When  the  calcium-compounds  and  the  cholesterin  are  dissolved  out 
from  a  gall-stone,  the  insoluble  residue  is  a  nitrogenous  body  (Hoppe- 
Seyler).  It  is  probably  derived  from  the  remains  of  cast-off  epithelium. 
No  mucin  can  be  detected,  at  least  by  chemical  means. 

Stagnation  and  decomposition  of  the  bile  seem  to  favor  the  formation 
of  gall-stones.     Certain  conditions  of  the  general  nutrition  are  probably 
not  without  influence,  seeing  that  the  stones  are  much  more  common  in  i 
patients  of  mature  age  tlian  in  younger  patients. 

Cholesterin  is  soluble  in  the  sodium-compounds  of  the  bile-acids,  and 
thus  a  cholesterin-stone  may  be  redissolved  if  the  bile  with  which  it 
comes  in  contact  is  not  already  saturated  with  cholesterin.  The  combi- 
nations of  calcium-salts  with  the  bile-pigments,  on  the  other  hand,  are  not 
soluble  without  actual  decomposition  (Hoppe-Setler). 

510.  The  effects  of  the  formation  of  gall-stones  vary  greatly  in  dif- 
ferent cases.  Often  the  wall  of  the  gall-bladder  is  affected  very  slightly 
even  when  it  contains  a  large  number  of  stones. 

Gall-stones  give  rise  to  very  painful  attacks  (gall-stone  or  biliary  colic)i 
when  they  become  impacted  in  the  common  or  the  cystic  duct.  Stones 
formed  in  the  gall-bladder  and  in  the  ducts  themselves  are  frequently 
discharged  into  the  intestine  through  the  common  duct.  But  if  one  of 
these  lodges  or  lingers  in  the  duct,  retention  of  the  bile  ensues;  and  this 
may  give  rise  to  dilatation  of  the  ducts  and  to  infiltration  of  the  liver 
with  bile.  The  liver-tissue  may  thereupon  become  degenerate  or 
inflamed  (Art.  513),  while  the  parts  around  the  impacted  stone  become 
also  inflamed  or  even  ulcerated.  If  the  stone  is  near  the  mouth  of  the 
common  duct  the  inflammation  and  ulceration  may  extend  to  tlie  papilla 
at  its  mouth,  and  in  this  way  set  the  stone  free.  Stones  may  escape  from 
the  gall-bladder  into  the  intestine  (duodenum  or  colon)  directly  :  this  of  : 
course  can  happen  only  when  inflammatory  adhesions  have  already  been 
set  up  between  the  intestine  and  the  gall-bladder.  In  unfavorable  cases 
the  stones  break  through  into  the  peritoneal  cavity  or  into  the  retroperito- 
neal tissue,  or  inflammation  of  the  wall  of  the  gall-bladder  extends  to  ) 
the  serous  surface  and  peritonitis  is  induced. 

When  concretions  form  in  the  ducts  within  the  liver,  more  or  less  i 
I  intense  inflammatory  change  is  frequently  set  up  around  them.     This  i 
change  may  be  limited  to  an  abundant  cellular  infiltration  of  the  duct-  ■ 
wall  and  the  adjoining  tissue,  which  after  a  time  leads  to  the  formation 
of  new  fibrous  tissue  (Art.  496).     Or  when  the  retained  bile  becomes  de- 
composed the  inflammation  often  takes  on  a  destructive  character  and 
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ends  in   an  abscess;  this  again  may  break  and  lead  to  local  or  general 
peritonitis. 

References  : — Beneke,  Deutsches  Arch.  f.  klin.  Med.  1876;  Fiedler,  Jahresher. 
d.  Oesell.  f.  Nat.  und  Heillc.  zu  Dresden  1879;  Schuppel,  Ziemssen's  Cyclop,  ix., 
with  full  references  ;  Fkerichs,  Leberkrankheiten,  Diseases  of  the  liver  ii.  Lon- 
don 1863;  Roth,  Correspondenzblatt  f.  Schweizer  Aerztexi.  (1881);  Peterssen- 
BoRSTEL,  Oallensteinbildung  in  ihrer  Beziehung  zu  Krebs  und  Endarteritis  chron. 
In.  Diss.  Kiel  1883. 

5il.  We  said  in  the  last  Article  that  the  bile-ducts  sometimes  become 
dilated  behind  an  obstructing  concretion.  The  seat  and  extent  of  the 
dilatation  depend  of  course  on  the  seat  of  obstruction.  Closure  of  the 
common  ducts  leads  to  accumulation  and  stagnation  of  the  bile  in  the 
gall-bladder  as  well  as  in  the  hepatic  duct  and  its  branches.  Closure  of 
cue  of  these  branches  naturally  affects  the  bile  and  the  smaller  ducts  of 
the  corresponding  region  and  no  other.  A  duct  may  be  closed  either  by 
concretions  forming  within  it,  or  by  inflammatory  growths  or  tumors  in 
or  near  its  wall.  Parasites,  such  as  the  round-worm  or  the  Distoma, 
sometimes  creep  into  the  ducts  from  the  intestine,  and  occlude  them. 

The  secretion  which  accumulates  behind  an  obstruction  is  not  always 
simply  bile.  When  the  cystic  duct  is  occluded  it  is  plain  that  no  bile 
can  collect  in  the  gall-bladder.  When  therefore  this  becomes  distended 
it  is  owing  to  the  secretion  of  a  mucous  liquid  from  the  mucus-glands 
in  its  lining  membrane.  This  condition  is  described  as  dropsy  of  tlie 
gall-bladder.  Something  similar  takes  place  in  the  ducts.  When  a 
portion  of  a  duct  containing  mucus  glands  becomes  abstricted,  a  mucous 
secretion  may  be  poured  out  and  distend  it.  Cysts  of  various  sizes,  and 
having  smooth  slimy  walls,  are  thus  formed  within  the  liver.  According 
to  YON"  Eecklin'GHAUSEN'  (  Virch.  Arch.  vol.  84)  this  is  the  usual  mode 
of  origin  of  the  small  cysts  which  are  found  lying  just  beneath  the  serous 
membrane  of  the  liver.  In  these  cases  there  has  at  no  time  been  any 
retention  of  bile ;  the  vasa  aberrantia  of  the  biliary  ducts  (Fereeii^) 
have  simply  become  distended  by  the  mucous  secretion  of  their  own 
glands.  Some  cysts  of  the  liver  are  due  to  the  distention  of  the  lympha- 
tics with  accumulated  lymph. 

When  no  secretion  is  poured  into  a  gall-bladder  whose  duct  is 
obstructed,  the  normal  contents  sometimes  become  inspissated  or  even 
calcified.  The  bladder  itself  usually  shrinks  ;  Avhile  if  inflammation  is 
set  up  within  it  its  walls  may  become  notably  thickened  or  in  some  parts 
ulcerated. 

512.  Inflammation  of  the  gall-bladder  (cholecystitis)  and  of  the 
ducts  has  already  been  referred  to  in  treating  of  interstitial  hepatitis 
(Art.  498),  and  of  the  effects  of  biliary  concretions.  It  is  not  an  uncom- 
mon affection,  and  may  be  set  up  by  the  extension  of  an  intestinal 
inflammation  to  the  common  duct  and  its  branches,  by  stagnation  or 
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decomposition  of  the  bile,  or  by  irritant  matters  brought  to  the  mucous 
membrane  by  the  blood. 

Even  the  slighter  forms  may  lead  to  obstruction  of  the  ducts,  reten- 
tion of  the  bile,  and  jaundice  ;  the  obstruction  being  due  to  excessive 
mucous  secretion  or  to  swelling  of  the  mucous  membrane.  In  more 
intense  or  more  chronic  inflammations  the  exudation  from  the  ducts  and 
gall-bladder  may  be  purulent.  The  connective  tissues  are  thickly  infil- 
trated; and  not  infrequently  the  capsule  of  Glisson  round  the  hepatic 
duct,  or  the  peritoneum  round  the  gall-bladder,  are  likewise  intensely 
inflamed.  This  last  is  especially  the  case  when  the  primary  inflam- 
mation is  of  a  necrotic  character  accompanied  by  diphtheritic  excoriation 
and  ulceration.  Within  the  liver  purulent  inflammations  of  this  kind 
give  rise  to  small  abscesses  containing  liquid  bile  and  biliary  concretions. 
When  such  abscesses  are  formed  in  the  gall-bladder  or  in  the  larger 
ducts  outside  the  liver,  or  when  they  lie  close  beneath  the  capsule  on  its 
surface,  they  are  very  apt  to  cause  peritonitis. 

Chronic  inflammation  of  the  gall-bladder  leads  in  general  to  thicken- 
ing of  its  walls  and  to  adhesions  with  the  surrounding  parts.  The 
bladder  frequently  shrinks  in  consequence.  The  fibrous  capsule  around 
the  ducts  becomes  in  the  like  circumstances  notably  hyperplastic.  Now 
and  then  the  bladder  and  larger  ducts  appear  beset  with  papillary  out- 
growths from  the  same  cause. 

When  such  an  inflammationo  f  the  ducts  persists  for  a  long  time, 
or  leads  to  persistent  retention  of  the  bile,  the  inflammatory  changes 
extend  to  other  parts  of  the  liver.  Brown  or  yellow  granular  biliary 
concretions  appear  in  the  interlobular  tissue  and  within  the  lobules. 
The  liver  cells  perish  at  various  points;  and  inflammatory  infiltrations 
appear  within  the  lobules  and  terminate  in  abscess  or  in  fibroid  indura- 
tion (Arts.  496-498), 

Some  authorities  (Schuppel,  Teuffel)  have  described  the  form  of 
biliary  hepatitis  which  terminates  in  abscess  as  hepatitis  sequestrans  (see 
Art.  498  for  references). 

Tumors  of  the  gall-bladder  and  ducts  are  rare,  carcinoma  being  the 
commonest  form.  As  we  have  already  pointed  out  (Art.  503)  many  can- 
cers of  the  liver  start  in  the  smaller  bile-ducts.  Cancers  of  the  gall- 
bladder begin  as  soft  growths  arising  from  the  inner  surface,  which  as 
they  develop  may  extend  to  and  invade  the  liver. 

Destructive  adenoma  (adenocarcinoma)  of  the  duodenum  sometimes 
develops  at  or  near  the  opening  of  the  common  duct,  and  may  obstruct 
or  altogether  occlude  the  passage. 


CHAPTER    LXIII. 

THE  PANCREAS. 

513.  The  pancreas  is  an  acinous  or  tubulo-acinous  gland,  whose 
duct  (canal  of  Wirsung)  passes  into  the  wall  of  the  duodenum  and  there 
joins  the  common  bile-duct,  opening  with  it  through  a  common  orifice 
into  the  bowel.  Only  in  rare  cases  has  it  a  distinct  orifice.  The  secre- 
tion of  the  pancreas,  which  is  in  effect  an  abdominal  salivary  gland,  acts 
powerfully  in  promoting  the  digestion  not  only  of  starchy  matters  but 
also  of  albuminoids  and  of  fat. 

The  morbid  changes  of  the  pancreas  are  seldom  very  marked;  though 
it  is  liable  to  various  affections  both  primary  and  secondary. 

Of  anomalies  of  development  the  presence  of  an  accessory  pancreas 
is  the  most  noteworthy.  This  is  a  discoid  structure,  from  the  size  of  a 
lentil  to  that  of  a  crown-piece,  made  up  of  glandular  lobules,  and  seated 
on  the  wall  of  the  upper  part  of  the  small  intestine  or  of  the  stomach.  It 
lies  either  close  beneath  the  peritoneum,  or  more  deeply  embedded  in  the 
muscular  or  submucous  layers.  Its  minute  structure  is  exactly  similar 
to  that  of  the  pancreas  itself,  and  it  communicates  with  the  alimentary 
canal  by  a  duct  of  its  own. 

The  division  of  the  pancreas  into  two  equal  or  unequal  lobes  is  much 
less  common.  The  gland  is  entirely  absent  in  various  cases  of  imperfect 
development,  where  the  whole  body  of  the  foetus  or  the  alimentary  canal 
in  particular  is  gravely  malformed. 

Haemorrhage  (pancreatic  apoplexy)  is  not  an  infrequent  occurrence 
in  connection  with  the  pancreas.  When  it  occurs  shortly  before  death 
the  fibrous  structures  of  the  gland,  and  the  neighboring  parts,  are  found 
soaked  with  dark  blood.  More  rarely  a  typical  haematoma  or  blood-cyst 
is  formed.  "When  the  haemorrhage  is  less  recent  the  infiltrated  tissue  has 
a  brown  or  slaty  tint. 

These  haemorrhages  are  usually  due  to  affections  of  the  heart,  lungs, 
or  liver  which  give  rise  to  engorgement  of  the  abdominal  veins.  Cases 
however  occur  in  which  no  such  cause  can  be  assigned,  and  in  which  we 
are  constrained  to  assume  that  the  cause  is  local;  but  it  should  be  said 
that  it  is  seldom  possible  to  demonstrate  this  post  mortem.  Pancreatic 
haemorrhage  may  prove  fatal,  probably  from  some  depressant  or  other 
action  upon  the  semilunar  ganglia  or  solar  plexus  of  sympathetic  nerves. 
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Details  of  the  morbid  changes  affecting  the  pancreas  will  be  found  in  Klebs's 
Handb.  d.  path.  Anat.  i.,  in  Friedreich's  Article  in  Ziemssen's  Cyclop,  vni.,  and 
in  Roberts's  Article  in  Quain's  Diet,  of  Med.  London  1882.  Klebs  and  Fried- 
reich give  full  references  to  the  older  and  the  more  recent  papers  on  the  sub 
ject. 

Pancreatic  haemorrhage  is  discussed  by  Klebs  (op.  cit.),  Zenker  (Naturfor- 
scherversammlung  in  Breslau  1874),  Challand  and  Ruboni  (Bull,  de  la  sac.  med. 
de  la  Suisse  romande  1877),  Prince  (Boston  med.  and  surg.  Joiirn.  1882),  GUSSEN- 
bauer  (Wiener  med.  Woch.  13,  1883,  Medical  Times  i.  1883).  Zenker  describes 
three  cases  in  which  the  haemorrhage  occurred  in  strong  healthy  men  and  speed- 
ily prove  fatal. 

514.  Atrophy  of  the  pancreas  is  met  with  in  cases  of  general  maras- 
mus, and  not  infrequently  in  patients  who  have  died  of  diabetes.  The 
pressure  of  neighboring  parts,  and  overgrowth  of  the  interacinous  con- 
nective and  adipose  tissue,  may  lead  to  atrophy  of  the  gland-substance  by 
compression.  In  simple  atrophy  the  acini  dwindle  and  in  some  places 
disappear  entirely.  The  affected  lobules  may  look  quite  normal  in  color, 
or  they  may  be  somewhat  brown. 

Fatty  degeneration  of  the  gland-cells  is  likewise  met  with,  and  is 
characterized  by  the  yellowish- white  tint  it  imparts  to  the  parenchyma. 
It  may  begin  as  simple  atrophy. 

Lipomatosis  or  fatty  infiltration  of  the  gland  as  a  whole  is  of  a  dif- 
ferent nature.  It  is  due  to  the  transformation  of  the  interacinous  con- 
nective tissue  into  adipose  tissue.  It  may  be  combined  with  a  certain 
amount  of  glandular  atrophy,  so  that  in  a  sense  the  gland-cells  may  be 
said  to  be  replaced  by  fat. 

Amyloid  degeneration  of  the  vessels  and  connective  tissue  of  the 
pancreas  is  not  uncommon  in  association  with  amyloid  disease  in  other 
organs.  The  gland-cells  remain  unaltered,  or  here  and  there  undergo 
fatty  degeneration. 

Concretions  are  occasionally  but  not  very  often  found  in  the  pan- 
creatic duct  or  its  branches.  They  consist  chiefly  of  calcium  carbonate 
and  phosphate.  The  smallest  are  as  fine  as  grains  of  sand,  the  largest 
are  about  the  size  of  a  hazel-nut.  They  are  usually  round  or  ovoid, 
seldom  angular  or  irregular  in  shape.  The  surface  is  sometimes  smooth, 
sometimes  uneven.  Most  of  them  are  white  or  grayish- white,  a  few  are 
distinctly  gray  or  brown.  They  are  commonly  due  to  some  interference 
with  the  free  outflow  of  the  secretion,  and  may  occur  in  large  numbers  in 
the  same  patient.  Inflammation  is  usually  set  up  around  them,  and  leads 
either  to  destruction  of  the  gland-cells  and  induration  of  the  connective 
tissue,  or  to  suppuration  and  abscess. 

When  the  pancreatic  duct  is  occluded  by  concretions  or  inflammatory 
change  or  by  a  tumor,  it  becomes  dilated  behind  the  obstruction  into  a 
cylindrical,  sacculate,  or  moniliform  cyst  or  series  of  cysts :  these  have 
been  described  as  pancreatic  ranulae^  and  sometimes  reach  a  consider- 
able size.     The  contents  of  the  dilated  duct  are  either  pancreatic  Juice 
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with  mucus,  or  pus,  or  a  bloody  liquid.  In  small  cysts  they  now  and 
then  become  inspissated  and  calcified.  When  indurative  inflammation  is 
set  up  around  the  cyst,  the  gland-cells  often  perish.  Cystic  dilatation  of 
limited  portions  of  the  minor  ducts  is  much  less  common  :  but  it  some- 
times occurs  at  a  number  of  points  scattered  through  the  gland. 

On  pancreatic  concretions  see  Virchow  {Verh.  d.  phys.-med.  Gesell.  zu  Wurz- 
burgll.  1852),  FAUCONNEAU-DuFR:fi:sNE  (TraiYe  del'affection  calouleicse  du  foie  et 
du  pancreas  Pavia  1851),  Curnow  (rrans.  Path.  Soc.  1873),  Johnston  (ylmencan 
Journ.  of  med.  sciences  1883,  an  admirably  summary  with  full  references). 

On  pancreatic  cysts  see  Rokitansky  {Lehrb.  d.  path.  Anat.  iii.  1861),  Virchow 
{loc.  cit.),  VON  Reckunqhausen  {Virch.  Arch.  vol.  30),  Wyss  {ibid.  vol.  3G), 
Klebs  {Handb.  d.  path.  Anat.*  i.),  Pepper  {Centralb.  f.  d.  med.  Wiss.  1871), 
ElJELT  {Schmidt's  Jahrb.  157,  1373). 

515.  Inflammation  of  the  pancreas  (pancreatitis)  is  on  the  whole  a 
rare  condition.  Primary  and  secondary  forms  are  distinguished  accord- 
ing to  their  mode  of  origin.  The  former  are  the  rarer  and  the  cause  of 
them  often  remains  undiscovered  :  the  latter  are  due  to  the  extension  of 
an  existing  inflammation  in  contiguous  parts,  or  to  a  so-called  metastasis 
from  some  remoter  organ. 

The  slighest  degree  of  inflammation  is  represented  by  the  swelling  of 
the  pancreas  occasionally  met  with  in  cases  of  infective  disease,  and  no- 
tably in  typhoid  fever.  It  is  due  to  an  infiltration  of  the  connective  tis- 
sues with  liquid  and  leucocytes,  and  in  part  to  cloudy  swelling  of  the 
gland-cells.  "When  the  affection  is  recent  the  gland  is  red  and  injected  ; 
in  cases  of  some  standing  it  is  pale  or  even  white. 

In  purulent  or  suppurative  pancreatitis  some  portion,  or  the  whole, 
of  the  interacinous  (and  often  the  peripancreatic)  tissue  is  transformed 
into  a  dirty  puriform  mass.  In  later  stages  there  are  abscesses  of  various 
sizes.  It  is  usually  due  to  suppuration  in  some  neighboring  part,  as  in 
the  lesser  omental  sac  or  in  the  common  bile-duct :  it  is  very  rarely  a 
primary  affection. 

Chronic  indurative  pancreatitis  or  cirrhosis  is  characterized  by 
thickening  and  hardening  of  the  connective  tissue  within  the  gland.  The 
head  of  the  pancreas  is  especially  apt  to  be  thus  affected.  When  the 
gland-tissue  is  thereby  destroyed  and  atrophied  the  organ  as  a  whole  be- 
comes smaller.  Indurative  pancreatitis  is  most  commonly  secondary  to 
inflammations  of  contiguous  parts,  such  as  the  peritoneum,  common  bile- 
duct,  or  stomach  (in  gastric  ulcer).  In  other  cases  the  cause  seems  to  be 
retention  of  the  secretion  or  the  presence  of  concretions  in  the  duct.  It 
is  rare  as  a  primary  affection,  though  it  is  said  to  be  sometimes  a  result 
of  spirit-drinking  (Friedreich),  and  of  syphilis  congenital  or  acquired. 
In  a  few  cases  gummatous  nodes  have  been  observed. 

Tuberculosis  of  the  pancreas  is  very  rare ;  though  in  cases  of  the 
general  affection  caseous  nodules  are  occasionally  met  with  in  the  gland. 
Tuberculosis  of  the  lymphatic  glands  embraced  or  overlaid  by  the 
pancreas  is  less  common. 
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Carcinoma  is  the  chief  of  the  primary  tumors  found  in  the  pancreas. 
It  usually  gives  rise  to  hard  dense  nodes  seated  in  the  head  of  the  gland. 
Soft  medullary  and  colloid  cancers  are  rare,  as  are  all  forms  affecting  the 
middle  part  or  the  tail.  Sometimes  however  a  cancer  starting  in  the 
head  invades  the  whole  gland,  transforming  it  into  a  single  tumor  which 
may  reach  a  great  size.  The  cancerous  infiltration  may  extend  into  the 
surrounding  tissues,  invading  thus  the  common  duct,  duodenum, 
stomach,  gall-bladder,  spine,  lymphatic  glands,  peritoneum,  liver,  etc. 
Numerous  metastatic  growths  are  frequently  formed  in  the  parts  named. 
When  the  common  bile-duct  is  attacked,  retention  of  bile  and 
jaundice  may  result ;  and  the  closure  of  the  canal  of  "Wirsung  my  lead  to 
cystic  dilatation  of  the  secretory  ducts  in  the  tail  of  the  gland.  The 
adjacent  veins,  such  as  the  vena  cava,  portal  vein,  and  superior  mesen- 
teric vein,  are  sometimes  encircled  and  gripped  by  the  cancerous  growth; 
the  result  is  thrombosis  or  other  serious  disorder  of  the  circulation. 

Primary  sarcoma  of  the  pancreas  is  extremely  rare. 

Of  secondary  growths  carcinoma  is  again  the  only  form  that  needs  to 
be  mentioned.  Cancer  of  the  stomach  and  of  the  duodenum  are  those 
which  most  frequently  induce  the  like  in  the  pancreas.  Metastases  de- 
rived from  cancer  in  more  remote  organs  are  much  less  common. 

On  pancreatitis  see  Cruveilhier  (Anatomie  path,  part  xv,  vol.  i.),  Klob 
(Oesterr.  Zeitschr.  f.  pract.  Heilk.  vi.  1860),  Bibch-Hirschfeld  {Arch.  d.  Heilk. 
1875),  Nathan  (Medical  Times  2,  1870),  Chiari  (Wien.  med.  Woch.  1876,  1880, 
Med.  Times  1,  1830),  Fraenkel  (Zeitschr.  f.  klin.  Med.,  1882).  Chiari  observed  in 
several  cases  complete  necrosis  and  separation  of  the  pancreas.  In  one  case  the 
pancreas  was  entirely  broken  down,  and  escaping  by  a  perforation  into  the  intes- 
tine was  passed  per  anum.  This  patient  (who  recovered)  was  suffering  at  the 
time  from  gall-stones,  so  it  is  possible  that  the  suppurative  inflammation  of  the 
pancreas  was  secondary  to  inflammation  of  the  bile-duct. 

On  cancer  of  the  pancreas  see  Frerichs  (KlimJo  d.  Lcberkrankh.  Diseases  of 
the  liver  i.,  London  1860),  E.  Wagner  (Arch.  d.  Heilk.  1861),  LiJCKE  and  Klebs 
{Virch.  Arch.  vol.  41),  Davidsohn  (Ueh.  Krebs  d.  Bauchspeicheldruse  In.  Diss. 
Berlin  1872),  Strumpell  (Deiitsch.  Arch.  f.  klin.  Med.  xxii.),  Mooke  (St.  Barth. 
Hosp.  Rep.  1881,  1882),  LoscH  (5^^.  Petersburg  med.  Woch.  1883),  Wesener  (Fircfe. 
Arch.  vol.  93),  Chiari  (Prag.  med.  Woch.  1883,  a  case  of  secondary  sarcoma). 


SECTION   IX. 
THE  UBINAET  ORGANS. 


CHAPTER  LXIT. 

MALFORMATIONS  OF  THE  URINARY  ORGANS. 

51G.  The  urinary  organs  include  the  kidneys,  the  ureters,  the 
bladder,  and  the  urethra.  The  kidney  is  the  secreting  organ,  by  which 
water  and  a  number  of  other  substances  are  separated  from  the  blood. 
The  other  organs  named  serve  merely  to  convey  the  urinary  secretion  out 
of  the  body. 

The  development  of  the  urinary  organs  is  subject  to  certain  abnor- 
malities, but  they  are  seldom  such  as  to  imperil  life  by  preventing  or 
seriously  hindering  the  secretion  and  removal  of  the  urine.  The  conse- 
quent malformations  consist  chiefly  of  deviations  from  the  normal  form, 
position,  or  number  of  particular  parts:  anomalies  in  t^ae  minute  struc- 
ture of  the  kidney  are  much  more  rare.  Such  anomalies,  however,  are 
of  great  importance,  inasmuch  as  they  may  prove  the  starting-point  for 
tumors  of  great  size. 

The  post-embryonic  disorders  of  the  urinary  apparatus  affect  either 
the  kidney  or  some  part  of  the  urinary  tract.  Many  of  them  continue 
to  affect  the  part  only  in  which  they  arise,  while  others  extend  by  con- 
tinuity to  contiguous  parts  of  the  tract  and  in  some  cases  ultimately 
affect  the  whole  apparatus. 

Most  urinary  disorders  are  hsematogenous,  i.  e.,  traceable  to  some 
disorder  of  the  blood;  and  of  all  the  urinary  organs  the  kidney  is  most 
liable  to  be  affected.  Disease  of  the  kidney  or  of  the  internal  parts  of 
the  urinary  channels  is  much  less  frequently  the  result  of  injurious 
agencies  reaching  them  from  the  urethra.  A  third  and  not  unimportant 
group  of  affections  arise  from  the  extension  to  the  urinary  organs  of 
morbid  processes  affecting  adjacent  parts. 

Development  of  the  urinary  organs.  In  man  the  urinary  organs  are  de- 
rived from  two  distinct  groups  of  structures  wliich  may  be  described  respectively 
as  embryonic  and  permanent  (Kolliker),  or  primary  and  secondary.  Tlie  pri- 
mary structures  are  the  pr jmordial  kidneys  or  wolflSan  bodies,  and  the  wolflBan 
ducts. 

The  wolffian  duct  on  each  side  arises  from  a  columnar  mass  of  cells  (the  in- 
termediate cell-mass)  lying  between  the  lateral  mass  of  the  mesoblast  and  the 
anterior  part  of  the  protovertebral  column.  This  mass  presently  becomes  hol- 
lowed out  into  a  duct  opening  posteriorly  into  that  part  (urogenital  cloaca)  of  the 
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stalk  of  the  allantois  which  lies  within  the  body  of  the  embryo,  and  which  ulti- 
mately becomes  the  urinary  bladder  and  the  urachus. 

The  wolffian  body  arises  independently  of  the  wolflSan  duct  from  another  part 
of  the  intermediate  cell-mass.  The  mass  breaks  up  into  a  number  of  transverse 
cords  of  cells  appearing  at  first  to  be  connected  with  the  peritoneal  epithelium. 
These  cords  speedily  become  excavated  into  csecal  tubules  (wolflSan  tubes),  which 
are  more  or  less  convoluted  and  ultimately  open  into  the  wolffian  duct.  The  organ 
thus  developed  is  not  unlike  the  permanent  kidney. 

The  secondary  or  permanent  kidney  and  the  ureter  are  later  developments. 
The  ureter  arises  as  a  dorsal  diverticulum  from  the  hind-end  of  the  wolffian  duct 
near  its  opening,  the  diverticulum  growing  forwards  on  the  dorsal  side  of  the 
wolffian  body.  The  kidney  is  developed  fi'om  the  hindmost  part  of  the  interme- 
diate cell-mass,  the  part  namely  that  did  not  break  up  into  wolffian  tubes.  The 
cells  of  the  mass  apply  themselves  to  the  growing  ureter,  and  become  excavated 
into  tubules  ;  collecting  tubes  spring  simultaneously  from  the  ureter,  and  becom- 
ing continuous  with  the  former  give  rise  to  typical  renal  tubules.  The  nreter 
does  not  long  remain  attached  to  the  wolffian  duct,  its  opening  being  gradually 
caiTied  back  until  it  enters  the  cloaca  independently.  The  renal  tubules  in  the 
cell-mass  become  convoluted  and  round  their  caecal  ends  appear  small  aggrega- 
tions of  cells,  in  which  blood-vessels  develop  forming  the  vascular  glomeruli. 
These  glomeruli  then  push  in  or  invaginate  the  renal  tubules,  and  presently  a 
series  of  spherical  structures  is  produced,  each  consisting  of  a  coil  of  convoluted 
blood-vessels  almost  entirely  surrounded  by  a  double  envelope  continuous  with  the 
wall  of  a  renal  tubule.  The  stalk  or  pedicle  of  the  glomerulus  passes  out  at  the 
])oint  where  the  original  invagination  took  place,  which  is  usually  opposite  to  the 
starting-point  of  tiie  tubule.  This  spherical  structure  so  formed  is  the  malpighian 
bDdy,  the  spherical  envelope  being  the  capsule  of  Bowman.  Meanwhile  the 
tubules  become  elongated  and  convoluted,  and  are  soon  differentiated  into  the 
various  segments  recognized  in  the  adult  kidney. 

In  the  human  foetus  of  eight  weeks  the  kidney  is  already  a  lobulated  organ 
with  a  number  of  completely-formed  malpighian  bodies.  The  papillee  (Art.  530) 
are  apparent  at  the  end  of  the  third  month,  and  some  of  the  tubules  have  attained 
their  permanent  form  by  the  fourth  month.  Glomeruli  continue  to  be  formed 
throughout  the  whole  time  of  foetal  life  and  for  some  time  after  birth.  The  lob- 
ulated external  form  usually  disappears  during  the  first  year  of  infancy. 

The  bladder  is  derived  from  the  primitive  urachus  or  stalk  of  the  allantois, 
which  arises  in  the  first  month  from  the  hind-gut  as  a  caecal  diverticulum  lined 
with  hypoblast.  The  urachus  thus  opens  primarily  into  the  terminal  portion  of 
the  gut  and  afterwards  becomes  separable  into  two  segments,  the  posterior  form- 
ing the  urogenital  sinus  or  cloaca,  the  anterior  being  dilated  into  the  bladder  and 
receiving  the  ureters.  In  the  second  month  the  bladder  appears  as  a  spindle- 
shaped  cavity  communicating  below  with  the  anal  portion  of  the  gut  and  above 
through  the  still  patent  urachus  with  the  umbilical  cord.  At  a  later  stage  the 
urachus  contracts  and  ultimately  closes  into  a  solid  cord — the  median  ligament  of 
the  bladder.  The  closure  is  not  in  all  cases  complete  (Luschka,  Virch.  Arch. 
vol.  33);  even  in  adults  it  may  persist  as  afine  tube  communirating  with  the  blad- 
der and  lined  with  epithelium. 

References  on  the  development  of  the  urinary  organs: — Ba-LFCJUR,  Comp.  Em- 
bryology n.  ch.  33  London  1881  (with  bibUography);  Kolliker,  Entwickelungs- 
gescldchte  Leipzig  1879;  FtJRBRlNaER,  Morphol.  Jahrbuch  TV.  1878;  SEMPER, 
Arbeiten  a.  d.  zool.  Inst,  a.,  ui.  Wurzburg  1875-76;  Spengel,  ibidem  m.; 
BRA.UN,  ibidem  rv.;  Kupffer,  Arch.   f.  miJcr,  Anat.  i.,  n.  (1865-66);  KowA- 
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LEWSKY,  Die  Bildung  d.  Urogenitalanlage  b.  Huhnehenembryonen  Warsaw  1875; 
Sedgwick,  Quart.  J.  Micro.  Sci.  xxi.  1880-81;  Allen  Thomson,  Quain's  Anat- 
omy II.  London  1882  (with  full  references). 

517.  Total  absence  of  the  kidneys  occurs  only  in  gravely  mal- 
formed foetuses,  and  is  of  course  incompatible  with  independent  life. 

Absence  of  one  kidney  is  rare  in  foetuses  otherwise  well-developed.  It 
does  not  interfere  with  growth  and  development,  inasmuch  as  the  other 
kidney  becomes  hypertrophied  and  assumes  the  whole  work  of  excretion. 
The  left  kidney  is  more  often  wanting  than  the  right.  The  correspond- 
ing suprarenal  and  ureter  are  usually  absent,  though  in  some  instances 
rudiments  of  the  lower  extremity  of  the  ureter  have  been  found. 

Congenital  atrophy  of  one  kidney  is  more  common  than  entire  ab- 
sence. In  well-marked  case?  the  atrophied  kidney  appears  as  a  thin  plate 
of  fibrous  tissue  2-5  cm.  in  length  and  1.5-3  cm.  broad,  with  few  or  no 
traces  of  tubules  or  glomeruli,  and  supplied  by  renal  vessels  normal  in 
position  but  abnormally  small.  Where  the  atrophy  is  less  marked  tlie 
remnants  of  renal  tissue  are  more  abundant. 

The  causes  which  determine  the  non-development  of  one  of  the  kid- 
neys are  unknown.  We  can  only  say  that  for  some  reason  the  outgrowth 
from  the  primitive  ureter  out  of  which  the  kidney  is  fashioned  has  been 
hindered  or  altogether  suppressed.  Atrophy  of  the  kidney  must  oft^n 
originate  in  some  similar  condition  of  whose  precise  nature  we  are  equally 
ignorant.  In  some  cases  however  traces  of  inflammation,  in  the  form 
of  cellular  infiltration  and  fibrous  hyperplasia,  are  discoverable  in  the 
rudimentary  organ.  We  are  thus  led  to  infer  that  intra-uterine  inflam- 
mation of  the  kidney  is  possible  and  may  lead  to  arrest  of  its  develop- 
ment. 

Among  congenital  anomalies  of  form  the  persistence  of  the  foetal 
lobulations  is  the  most  common.  The  boundaries  of  the  renal  segments 
are  usually  indicated  by  shallow  furrows;  it  is  very  uncommon  to  find 
the  furrows  so  deep  that  the  segments  are  entirely  separated  into  distinct 
rencuU. 

Cohesion  of  the  two  kidneys  most  frequently  takes  the  form  of  the  so- 
called  '  horse-shoe  kidney,'  in  which  the  organs  are  found  closer  to 
each  other  than  is  normal  and  their  lower  ends  are  united  by  a  band 
either  of  fibrous  tissue  or  of  ordinary  renal  tissue.  Cohesion  of  the  upper 
or  middle  parts  is  very  much  rarer.  When  the  kidneys  coalesce  entirely 
into  one  there  is  usually  very  considerable  misplacement  of  the  organ.  It 
is  often  seated  just  above  the  promontory  of  the  sacrum  in  the  form  of  a 
thick  cake  or  disc,  from  the  anterior  aspect  of  which  arises  a  single  or 
double  pelvis  with  from  one  to  four  short  ureters.  In  a  few  cases  the 
united  kidneys  have  been  found  on  one  or  other  side  of  the  spinal  col- 
umn. 

The  renal  vessels  of  the  united  kidneys  are  always  abnormal  in  their 
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origin,  and  are  f  requentl}'-  multiple.  Thus  when  the  organ  is  Just  above 
the  sacrum  the  arteries  spring  from  the  lower  part  of  the  aorta  near  its 
bifurcation,  or  from  one  of  the  common  iliacs,  while  the  veins  enter  the 
corresponding  parts  of  the  vena  cava  or  iliac  veins. 

This  .abnormal  cohesion  and  the  malposition  of  the  kidneys  indicate 
that  the  primitive  ureters  or  the  corresponding  cell-masses  were  checked 
in  their  growth  forwards  and  came  early  into  contact. 

A  normal  or  malformed  single  kidney,  like  the  horse-shoe  kidney, 
may  be  misplaced  during  development;  this  condition  is  referred  to  as 
dystopia.  It  occurs  most  frequently  in  the  case  of  the  left  kidney, 
which  approaches  the  middle  line  in  the  neighborhood  of  the  sacrum. 
The  renal  vessels  are  abnormal  in  their  origin  and  the  ureter  is  shortened, 
but  the  corresponding  suprarenal  usually  occupies  its  normal  position  in 
the  abdomen. 

The  kidneys  may  in  like  manner  be  displaced  after  birth.  The  right 
is  most  often  displaced:  the  cause  is  to  be  sought  partly  in  some  outward 
mechanical  violence,  partly  in  a  loose  or  extensible  condition  of  the  peri- 
nephral structures,  and  especially  of  the  peritoneum.  The  origin  of  the 
renal  vessels  in  such  cases  is  not  necessarily  abnormal,  and  the  ureter  is 
not  abnormally  short,  though  it  may  be  twisted  or  otherwise  disturbed. 
The  kidney  is  moreover  in  general  readily  movable.  When  the  mobil- 
ity is  due  to  the  presence  of  a  mesonephron,  or  peritoneal  fold  loosely 
attaching  the  kidney  to  the  spine,  the  case  is  described  as  one  of  floating 
kidney.  It  is  more  common  in  women  than  in  men,  and  on  the  right 
side  than  on  the  left.  On  congenital  renal  cysts  and  tumors  see  Arts. 
551  and  556. 

References:— Rayer,  Maladies  d.  reins  ill.  Paris  1839;  Hare,  Med.  Times 
and  Gaz.  1,  1858  and  1,  1860;  Rollet,  Die  bewegliche  Mere  Erlangen  1866 ; 
Klebs,  Handb.  d.  path.  Anat.  i.  1870;  Rosenstein,  Virch.  Arch.  vol.  53;  Perl, 
ibid.  vol.  56  (with  references);  Gruber,  ibid.  vols.  33,  68;  Beumer,  ibid.  vol.  72; 
Sawyer,  Floating  kidney,  Birmingham  Med.  Rev.  1872;  Wolfler,  Wien.  med, 
Wochenschrift  1876;  Report,  Trans.  Path.  Soc.  xxvii.  (1876);  Ebstein,  Ziems- 
sen's  Cyclopcedia.  xv.  (1877);  Hertz,  Virch.  Arch.  vol.  46;  Landau,  Die  Wan- 
dei^iere  d.  Frauen  Berlin  1883,  trans,  by  Champneys  (New  Syd.  Soc.)  London 
1884;  Ne"svman,  Glasgow  Med.  Journal  August  1883  (with  full  bibliography);  W. 
Roberts,  Urinary  and  renal  diseases  London  1885. 

518.  Malformations  of  the  ureter  and  pelvis  of  the  kidney  are 
met  with  both  in  normal  and  in  malformed  kidneys  (Art.  517). 

The  commonest  variety  is  the  duplication  on  one  or  both  sides  of  the 
pelvis  and  first  part  of  the  ureter.  It  is  very  rare  for  the  pelvis  to  be 
further  subdivided  into  a  larger  number  of  tube -like  calices. 

The  duplication  seldom  extends  throughout  the  whole  length  of  the 
ureter  so  that  the  tubes  open  separately  into  the  bladder.  They  usually 
run  side  by  side,  though  cases  are  on  record  in  which  they  appeared  to 
cross  each  other. 
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Partial  duplication  of  the  ureter  implies  an  early  subdivision  of  the 
primitive  diverticulum  (Art.  510);  complete  duplication  must  be  due  to 
the  simultaneous  development  of  two  diverticula  from  the  wolffian  duct. 

Both  normal  and  abnormal  ureters  may  open  in  abnormal  situations. 
In  the  male  one  ureter  may  open  into  the  colliculus  seminalis  or  into  a 
seminal  vesicle,  in  the  female  into  the  urethra,  vagina,  or  uterus.  A 
secondary  coalescence  of  one  ureter  with  the  miillerian  duct  is  sometimes 
observed. 

In  rare  instances  valvular  folds  of  mucous  membrane  and  twists  or 
kinks  in  the  tube  may  so  obstruct  the  outflow  of  urine  as  to  give  rise  to 
hydronephrosis  (Art.  552). 

Congenital  atresia  of  a  ureter  or  pelvis,  or  of  a  single  calix,  is  rare. 

References: — KxEBS,  loc.  cit. ;  Heller,  Deut.  Arch.f.  hlin.  Med.  v.;  Weigert, 
Vircli.  Arch.  vol.  70;  Hoffmann,  Arch.  d.  Heilk.  xiii.;  Bostrom,  Beitr.  z.  path. 
Anat.  d.  Mere  Freiburg  1884. 

519.  Of  the  malformations  of  the  bladder  the  most  serious  is 
extroversion  (otherwise  _^.ss2^rfl5,  ecstropMa,  or  invei'sio  vesicce). 

As  was  pointed  out  in  Art.  9  this  malformation  is  due  to  the  imper- 
fect closure  of  the  abdominal  walls  and  of  the  bladder:  a  defect  remains 
above  the  symphysis  through  which  the  posterior  wall  of  the  bladder 
protrudes.  The  symphysis  in  many  cases  remains  likewise  unclosed, 
while  the  penis  is  rudimentary  and  the  urethra  opens  on  its  upper  sur- 
face (epispadias). 

More  rarely  the  bladder  itself  is  closed  and  protrudes  through  the 
abdominal  fissure  or  through  the  umbilicus  {ectopia  vesicm).  Sometimes 
the  anterior  wall  is  closed  while  the  posterior  remains  open,  a  communi- 
cation existing  between  the  bladder  and  the  pelvic  cavity  or  the  vagina. 

Very  frequently  we  find  remains  of  the  urachus  in  the  round  or 
median  ligament  of  the  bladder.  They  take  the  form  of  a  narrow  patent 
channel  or  of  small  detached  cysts,  which  may  be  either  closed  or  open 
toward  the  bladder.  In  the  latter  case  they  sometimes  become  distended 
with  urine  when  the  bladder  is  overfilled.  If  any  impediment  to  the 
normal  outflow  of  urine  take  place  in  infancy,  the  urachus  may  never 
close  at  all;  and  occasionally  it  has  been  known  to  serve  as  a  means  of 
emptying  the  bladder. 

Division  of  the  bladder  into  two  separate  or  partly  separate  portions 
{vesica  bipartita  or  bilocularis)  is  very  rare:  the  two  cavities  may  lie  side 
by  side  or  one  above  the  other^ 

Congenital  diverticula  of  the  bladder  are  very  rare. 

Atresia  of  the  vesical  orifice  of  the  urethra  or  of  a  ureter  is  also  rare: 
in  the  former  case,  as  we  have  said,  the  urachus  remains  patent. 

Absence  of  the  bladder  unaccompanied  by  any  other  grave  mal- 
formation is  seldom  observed ;  but  it  is  more  frequently  found  to  be 
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abnormally  small.  When  the  bladder  is  absent  the  ureters  open  into  the 
urethra. 

Absence  of  the  urethra  occurs  in  both  sexes:  in  females  the  bladder 
may  open  directly  into  the  vagina. 

Atresia  of  the  urethra  also  occurs  in  both  sexes,  and  is  due  either  to 
defect  of  some  part  of  the  canal  or  to  obliteration  of  its  orifice. 

The  canal  may  be  abnormally  narrow  either  throughout  or  at  some 
particular  part  (congenital  stricture).  The  contraction  is  in  some  cases 
due  to  hypertrophy  of  the  colliculus  seminalis. 

When  the  urethra  opens  on  the  upper  aspect  of  the  penis  the  condi- 
tion is  called  epispadias,  when  it  opens  on  the  under  aspect  hypospa- 
dias. The  latter  is  the  more  common:  the  orifice  may  be  either  in  the 
penile  portion,  or  in  the  anterior  and  even  in  the  posterior  attachment  of 
the  scrotum  {hypospadias  perineoscrotalis).  The  penis  is  usually  small 
and  stunted. 

Occasionally  we  meet  with -cases  in  which  the  urethra  has  more  than 
one  external  orifice:  and  in  males  the  glans  penis  is  sometimes  pierced 
with  what  appears  to  be  a  second  meatus,  but  is  in  reality  a  short  pas- 
sage ending  caecally. 


CHAPTEE  LXV. 

CLASSIFICATION   OF  RENAL  DISORDERS. 

520.  Structure  of  the  kidney.  The  kidney  is  a  compound  tubular 
gland  by  which  water,  certain  salts,  and  nitrogenous  waste-products  are 
separated  from  the  blood  and  excreted.  Abnormal  substances  which 
have  gained  access  to  the  blood  are  likewise  in  great  measure  removed 
from  the  body  by  this  channel.  The  peculiar  structure  of  the  kidney 
corresponds  with  its  function  of  separating  these  substances  from  the 
blood  which  circulates  through  it. 

On  section  the  kidney  is  seen  to  consist  of  two  well-marked  zones,  the 
cortex  without,  the  medulla  within.  The  cortex  forms  a  stratum  from 
8  to  10  mm.  in  thickness,  enclosing  the  medulla  which  has  the  form  of 
a  number  of  rounded  cones  projecting  inwardly,  the  free  apices  being 
known  as  papiliae. 

These  medullary  cones  or  malpighian  pyramids  are  made  up  chiefly 
of  tubules  and  blood-vessels,  whose  general  course  is  from  the  base  to  the 
apex.  The  number  of  tubules  increases  as  we  approach  the  base  of  a 
pyramid,  partly  because  they  subdivide,  partly  from  the  presence  of 
tubules  passing  for  a  short  distance '  into  the  pyramid  from  the  cortex 
and  then  doubling  back  towards  the  cortex  again.  The  latter  tubules 
are  slender  and  narrow,  especially  in  the  recurrent  part;  they  are 
described  as  Henle's  loops.  The  branching  tubules  are  considerably 
wider  and  are  known  as  the  collecting  tubes.  The  blood-vessels  and 
the  tubules  are  bound  together  by  a  small  quantity  of  connective  tissue 
containing  lymphatic  vessels. 

The  cortex  is  m  the  main  made  up  of  two  distinct  structural  ele- 
Kients.  The  simpler  structures  are  the  so-called  medullary  rays. 
These  are  slightly  conical  portions  passing  up  from  the  medulla  and 
ceasing  to  be  distinguishable  only  at  the  outer  border  of  the  cortex  (Fig. 
2015):  they  are  simply  prolongations  of  the  medullary  substance  and 
eoQsist  of  like  bundles  of  straight  tubules  {h).  The  vessels  (e)  of  these 
rays  are  arranged  in  much  the  same  manner  as  those  of  the  medulla. 

The  tissue  lying  between  the  medullary  rays  is  the  true  cortical  sub- 
stance or  labyrintli  {A),  and  consists  essentially  of  a  mass  of  tubules  (^) 
of  various  sizes,  together  with  blood-vessels  whose  peculiar  course  and 
configuration  {ah  c  d  e  f  g  Ji)  give  the  kidney  its  characteristic   micro- 
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scopic  appearance.     The  tubules  and  vessels  are  bound  together  by  a, 
scanty  connective  tissue. 

The  blood  which  reaches  the  kidney  enters  it  by  the  branches  of  the 
renal  artery  at  the  boundary  zone  between  the  cortex  and  the  medulla. 
The  greater  part  of  it  passes  thence  through  the  interlobular  arteries  {a) 
which  run  in  a  zigzag   course  through  the  labyrinth  towards  the  outer 


Fig.  301.    Sectio:n-  through  the  outer  half  op  the  cortex  of  a  kidney  affected  by  recent 

interstitial  nephritis. 

{Arteries  injected  with  gelatine  and  Prussian  blue  j  section  stained  with  aluyn-carmine  and 
mounted  in  Canada  balsam  :     X  32) 


A,  labyrinth 

a,  interlobular  artery 
5,  vas  afferens 

c,  glomerulus 

d,  vasefEerens 

e,  capillaries  of  the  medullary 

ray 


S,  medullary  ray 

/,  capillaries  of  the  labyrinth 
g,  stellate  veins 
h,  interiobular  vein 
i,  convoluted  tubules 
k,  straight  tubules  with  Henle's 
loops  and  collecting  tubes. 


C,  capsule 

Z,  degenerated  ccnvoluted  tu- 
bules 

W-,  cellular  infiltration  round 
the  interlobular  veins 


surface  of  the  organ,  and  then  by  the  vasa  aSerentia  [b)  to  the  glomeruli 
(c).     Only  a  small  part  of  the  blood  passes  at   once   into  the  medullary 
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substance,  and  even  tliis  usually  traverses  a  glomerulus.  There  are,  how- 
ever, certain  very  minute  arterial  twigs  which  pass  directly  into  the 
medulla. 

Within  the  glomerulus  (c)  the  yas  afferens  breaks  up  into  a  multi- 
tude of  anastomosing  capillary  loops,  which  presently  reunite  into  a 
single  vessel  (d),  the  vas  efterens.  This  loaves  the  glomerulus  side  by 
side  with  the  afferent  vessel,  passes  into  the  medullary  ray,  and  there 
once  more  breaks  up  into  a  system  of  capillaries  (e).  This  system  (some- 
times called  the  'portal '  system  of  the  kidney)  is  continuous  with  the 
capillary  system  of  the  labyrinth  (/),  and  this  again  delivers  its  blood 
into  venules,  which  beginning  beneath  the  capsule  as  stellate  veins  (g) 
pass  through  the  labyrinth  as  interlobular  veins  {h)  to  the  inner  border 
of  the  cortex. 

The  course  of  a  urinary  tubule  commences  at  the  hollow  sphere  or 
capsule  of  Bowman  which  surrounds  the  glomerulus.  At  the  pole  op- 
posite that  through  which  the  vessels  enter,  the  cavity  of  the  capsule 
opens  by  a  somewhat  narrow  orifice  into  the  lumen  of  the  urinary  tubule, 
which  passes  through  the  labyrinth  as  a  comparatively  wide  convoluted 
tubule  lined  with  a  thick  epithelial  layer.  The  tubule  then  passes  into 
the  nearest  medullary  ray  and  descends  with  it  in  a  straight  course  for 
a  certain  distance,  then  bending  suddenly  it  turns  back  towards  the 
cortex  again.  The  descending  limb  of  the  flenle's  loop  thus  formed  is 
very  slender  and  narrow,  but  the  ascending  limb  widens  out  again,  and 
at  length  enters  a  second  wide  convoluted  tube  (the  intercalary  tub3)  . 
which  lies  in  the  cortical  layer.  The  intercalary  tube  passes  into  a 
short  and  narrow  junctional  tube,  and  this  uniting  with  others  gives 
rise  to  the  collecting  tubes.  These  again  unite  together  into  the  wider 
excretory  tubes,  which  passing  down  through  the  medulla  open  at  the 
papillae  into  the  pelvis  or  inf  undibulum  of  the  kidney. 

The  glomeruli  furnish  chiefly  the  water  of  the  urine.  The  convoluted 
tubules  of  the  cortex  secrete  the  solid  constituents,  namely  the  inorganic 
salts,  urea,  uric  acid,  hippuric  acid,  kreatinine,  xanthine,  sarkine,  am- 
monia, coloring-matters,  indican,  oxalic  acid,  etc.  Some  of  these 
substances  (such  as  urea)  are  contained  in  the  blood,  others  are  elab- 
orated  in  the  kidney.  It  would  appear  that  the  epithelium  of  the  tubules 
separates  these  substances  from  the  blood  and  in  an  altered  or  unaltered 
form  gives  them  up  to  the  water  flowing  through  the  tubules  from  the 
glomeruli.  A  certain  amount  of  osmotic  diffusion  also  takes  place  be- 
tween the  secreted  urine  and  the  blood.  N"oxious  substances  in  the  blood, 
whether  generated  within  the  body  or  derived  from  without,  are  in  great 
measure  eliminated  by  the  kidneys.  In  this  way  the  kidneys  act  as 
purifying  organs. 

If  a  solution  containing  about  0.4  per  cent  of  sodium  sulphindigotate  is  in- 
jected into  the  external  jugular  vein  of  a  dog,  and  the  animal  is  killed  a  few 
minutes  aifter,  it  is  found  that  the  coloring-matter  is  already  in  process  of  excre- 
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tion  from  the  kidneys.  According  to  Heidenhain  (PJluger's  Arch.  vol.  9)  and 
Pautynski  {Virch.  Arch.  vol.  7d)  the  excretion  first  begins  in  the  convoluted 
tubules,  the  intercalary  tubes,  and  the  ascending  limb  of  Henle's  loops.  The  blue 
pigment  appears  in  the  form  of  granules  in  the  striated  epithelial  cells,  and  stains 
both  the  free  border  and  the  nucleus.  When  excretion  is  in  full  activity  small 
crystals  appear  in  the  cells.  When  the  injection  is  made  some  time  before  death, 
and  is  followed  by  a  second  large  injection  of  indigo-carmine,  the  vascular  loops 
and  epithelial  cells  of  some  of  the  glomeruli  become  stained.  It  thus  appears  that 
indigo-carmine  may  be  excreted  by  the  glomeruli. 

When  a  solution  of  egg-albumen  is  injected  (Rctneberg,  Ribbert,  and  others), 
this  substance  is  excx-eted  by  the  glomeruli,  and  the  same  is  true  of  haemoglobin 
and  sugar.  These  examples  show  that  matters  may  pass  into  the  urine  both  from 
the  glomerular  loops  and  from  the  intertubular  capillaries,  traversing  in  the 
process  the  epithelial  lining  of  the  glomeruli  or  of  the  urinary  tubules  (compare 
Adami,  Journ.  of  Physiol.  Vi.  1885). 

521.  Classification  according  to  causation.  The  morbid  changes 
affecting  the  kidney  may  be  appropriately  grouped  in  five  classes,  accord- 
ing to  their  mode  of  origin. 

First,  we  have  those  affections  which  are  attributable  simply  to  dis- 
turbances of  the  circulation. 

Secondly,  a  group  of  changes  produced  by  the  deposit  in  the  kidney 
of  solid  substances,  brought  to  it  as  such  by  the  blood  or  precipitated 
from  their  solutions. 

A  third  group  includes  those  degenerations  and  inflammations  of  the 
kidney  which  are  due  to  impurities  or  disorders  of  the  blood.  As  the 
kidney  is  one  of  the  chief  organs  by  which  abnormal  substances  are 
eliminated  from  the  blood,  it  is  much  exposed  to  disturbance  of  its  own 
functions  and  even  to  lesions  of  its  structure  from  this  cause:  and  as  a 
fact  a  very  large  number  of  renal  disorders  are  thus  produced. 

A  fourth  group  of  disorders  are  traceable  to  injurious  influences 
affecting  the  parenchyma  of  the  kidney  through  the  infundibulum. 
Thus  mere  obstruction  of  the  outflow  of  the  urine  from  the  bladder  may 
give  rise  to  grave  disorder  of  the  kidney.  The  danger  is  of  course 
greater  when  matters  that  are  actively  noxious  reach  the  kidney  by  this 
route. 

The  fifth  group  comprises  the  tumors  or  new  growths  of  the  kidney. 

Cohnheim  and  Roy  (Virch.  Arch.  vol.  93,  Proc.  Camb.  Phil.  Soc.  iv.  1881)  have 
investigated  the  mechanism  of  the  renal  circulation.  They  find  that  when  a 
sensory  or  a  splanchnic  nerve  isstimulated,  in  asphyxia,  and  in  strychnine-poison- 
ing, the  volume  of  the  kidney  rapidly  diminishes.  When  the  renal  artery  on  one 
side  is  tied,  no  effect  is  produced  on  the  circulation  of  the  other.  When  there- 
fore in  cases  of  loss  of  one  kidney  the  other  takes  on  the  work  of  both,  it  is  not 
due  to  a  reflex  action  but  to  the  effect  produced  on  the  circulation  of  the  working 
kidney  by  the  presence  of  urinary  substances  in  the  blood. 

According  to  the  experiments  of  Ribbert  {Vi7xh.  Arch.  vol.  93)  the  quantity 
of  urine  excreted  by  a  rabbit  increases  after  the  removal  of  the  medullary  cones. 
The  view  that  water  is  re-absorbed  from  the  ui-ine  as  it  passes  through  the 
medulla  thus  receives  experimental  corroboration. 


CHAPTER  LXYI. 

DISORDERS  OF  TUE  RENAL  CIRCULATION. 

522.  Active  liyperaemia  or  congestion  of  the  kidneys  is  due  either 
to  increased  pressure  within  the  aorta,  or  to  dilatation  of  the  renal 
arteries. 

As  the  secretion  of  urine  is  in  the  main  determined  by  the  pressure 
and  velocity  of  the  blood  flowing  through  the  glomeruli,  congestion  of 
the  kidneys  is  accompanied  by  an  increase  of  secretion. 

AVhen  one  kidney  is  removed  or  rendered  inactive  by  disease,  the 
other  carries  on  the  urinary  function  unaided.  This  is  of  course  possi- 
ble only  so  long  as  its  blood-supply  is  permanently  increased.  A  kidney 
the  demands  on  which  are  thus  permanently  increased  presently  be- 
comes hypertrophied. 

This  compensatory  hypertrophy  is  usually  most  extreme  in  cases 
where  the  other  kidney  has  failed  in  early  youth;  in  such  cases  the  nor- 
mal bulk  may  be  increased  as  much  as  twofold.  The  increase  is  due 
chiefly  to  an  increase  in  the  length  and  calibre  of  the  tubules  and  to  en- 
largement of  the  glomeruli,  in  part  also  to  a  multiplication  of  both  these 
elements.  It  is  said  however  that  multiplication  is  observed  only  in 
cases  where  one  kidney  has  been  lost  before  birth  or  in  infancy. 

Partial  atrophy  or  destruction  of  a  kidney  may  be  followed  by 
hypersemia  and  consequent  hypertrophy  of  the  sound  portion  remaining. 

The  epithelial  cells  of  the  dilated  and  elongated  tubules  are  larger 
and  more  numerous  than  is  normal. 

References  on  compensatory  hyperti'ophy  of  the  kidneys: — Leichtenstern, 
Berl.  hlin.  Woch.  24,  1881;  Gudden,  Virch.  Arch.  vol.  66;  Bedmer,  ibid,  vol.  72; 
Perls,  ibid.  vol.  56;  Ribbert,  ibid.  vol.  88;  Grawitz  and  Israel,  ibid.  vol.  77; 
Eppinqer,  Prag.  med.  Woch.  36,  1879;  Bosteom,  Beitrdge  z.  path.  Anat.  d.  Mere 
Fi-eiburg  1884. 

Accordhig  to  Leichtenstern  the  diameter  of  a  normal  glomerulus  measures 
135-225  micromm.,  that  of  a  convoluted  tube  49-79  micromm.,  and  that  of  a 
straight  tubule  26-49  micromm.  In  hypertrophied  kidneys  the  first  measure- 
ment rises  to  188-402,  the  second  to  49-141,  the  third  to  49-89  micromm. 

The  weight  of  the  two  kidneys  (Thoma,  Untersuch.  fiber  die  Bestandtheile  des 
Korpers  Leipzig  1882)  is  in  new-born  infants  about  23  grammes,  at  six  months  44 
i^in.,  at  twelve  months  62  gm.,  at  twenty  years  285  gm.,  at  twenty-five  304  gm. 
Ill  the  case  of  a  healthy  adult  the  two  kidneys  may  differ  in  weight  by  as  much 
as  30  to40gm. 
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523.  Passive  hyperaemia  or  engorgement  of  the  kitlne}'-  is  usually 
the  result  of  some  general  disturbance  of  the  circulation;  it  is  much  less 
often  due  to  local  causes.  Affections  of  the  heart  and  lungs  give  rise  to 
the  former,  compression  and  thrombosis  of  the  vena  cava  or  of  the  renal 
veins  to  the  latter.  Eenal  thrombosis  most  frequently  occurs  in  infants 
of  a  few  weeks  old  who  die  of  general  marasmus.  Compression  may  be 
due  to  the  gravid  uterus  or  to  an  abdominal  tumor. 

If  the  outflow  of  blood  from  the  kidneys  is  suddenly  stopped,  they 
become  engorged  and  greatly  swollen,  assuming  a  dark  brown  or  purple 
hue.  Very  soon  hemorrhages  make  their  appearance,  not  only  in  the 
cortex  and  beneath  the  capsule  but  also  in  the  medulla,  Bowman's  cap- 
sules and  the  urinary  tubules  becoming  distended  with  blood. 

If  the  obstruction  of  the  renal  veins  is  gradual,  the  blood  in  part 
finds  its  way  into  certain  small  vessels  which  pass  from  the  kidney  into 
the  capsule  and  empty  themselves  into  vessels  communicating  with  the 
phrenic,  lumbar,  and  suprarenal  veins.  In  this  way  there  may  be  little 
or  no  haemorrhage  within  the  kidney  but  only  cedema,  very  few  red 
blood-cells  escaping  from  the  vessels. 

If  however  the  obstruction  is  great  and  persistent  the  renal  tissues 
become  fatty  and  necrotic,  and  presently  disintegrate  entirely. 

When  the  engorgement  is  less  extreme,  as  in  cases  of  uncompensated 
cardiac  lesion,  the  swelling  of  the  kidney  is  but  slight,  but  its  color  be- 
comes dark  purple  or  cyanotic.  If  this  condition  persists  for  any  length 
of  time  the  kidney  becomes  remarkably  dense  and  firm;  at  the  same  time 
the  cortex  becomes  pale  or  grayish-red  with  darker  streaks  corresponding 
to  the  course  of  the  veins.  This  change  is  referred  to  as  cyanotic 
iuduratiou. 

When  the  engorgement  is  still  recent  the  vessels  are  uniformly  dis- 
tended with  blood,  the  veins  and  capillaries  being  often  greatly  dilated. 
Within  the  capsule  of  many  of  the  malpighian  bodies  and  in  the  lumen 
of  the  urinary  tubules  appears  a  quantity  of  liquid,  which  on  boiling 
yields  a  granular  precipitate  of  albumen  and  often  contains  a  few  red 
blood-cells.  In  some  of  the  tubes  lie  colorless  transparent  casts  of  the 
lumina,  the  so-called  hyaline  tube-casts  or  cylinders.  These  are 
simply  masses  of  albumen  which  have  escaped  in  liquid  form  with  the 
watery  transudation  from  the  glomeruli,  and  have  become  solid  within 
the  tubules.  Some  of  the  epithelial  cells,  chiefly  those  of  Henle's  loops, 
contain  brown  and  yellow  and  occasionally  crystalline  pigment-granules, 
derived  from  the  coloring-matter  of  the  blood-cells  which  have  escaped 
into  the  tubules  and  there  become  dissolved.  If  the  escape  of  red  blood- 
cells  from  the  glomerular  vessels  has  been  recent  and  unusually  abun- 
dant the  capsules  of  the  malpighian  bodies  and  the  tubules  connected 
with  them  may  appear  crammed  with  such  pigmentary  products  of  dis- 
integration. 

In  cases  of  long-standing  engorgement  where  the  kidney  is  indurated. 
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tho  intertiibular  connective  tissue  is  increa-^ed  in  amount,  tlie  blood- 
vessels are  wide  and  flaccid,  and  the  walls  of  the  capillaries  and  the  ad- 
ventitia  of  the  veins  are  thickened. 

Many  of  the  epithelial  cells  of  the  tubules  are  fatty  and  contain  oil- 
globules  of  various  sizes.  The  cells  of  the  straight  tubules  of  the 
medulla  are  especially  liable  to  fatty  change.  The  glomeruli  appear  for 
the  most  part  unaltered;  though  here  and  there  a  malpighian  body  is 
seen  whose  contents  have  become  homogeneous  and  shrunken,  while  the 
corresponding  tubule  is  narrow,  collapsed,  or  altogether  atrophied  (see 
Art.  525). 

la  engorgement  of  the  kidney  the  urine  is  diminished  in  quantity.  The  albu- 
men and  red  blood-cells  it  contains  are  derived,  according  to  Cohnheiji  and 
Senator,  from  the  capillaries  which  surround  the  tubules,  the  exudation  beinc;; 
simply  the  lymph  of  engorgement  (Art.  24).  At  a  later  stage  the  glomeruli  yield 
a  similar  albuminous  exudation.  Cohnheim  regards  this  as  due  in  some  measure 
to  the  altered  relations  of  pressure,  but  in  a  greater  degree  to  morbid  changes  in 
the  excretory  membrane,  namely  in  the  glomerular  epithelium.  Ruxeberg  on 
the  other  hand  refers  the  albuminuria  of  engorgement  to  a  diminished  difference 
of  pressure  between  the  contents  of  the  glomerular  vessels  and  those  of  the  cap- 
sule of  Bowman.  This  explanation  is  quite  untenable  in  view  of  the  experiments 
of  Bamberger,  Newman  and  others. 

References  : — Robinson,  Med.  chir.  Trans,  xxv.  (1843);  Johnson,  Diseases  of 
the  fcidwer/ London  1852;  Litten  and  Buchwald,  Virch.  Arch.  vol.  66;  Cohnheim, 
Allg.  Pathologie  ii. ;  Perls,  Arch.  f.  exp.  Path.  vi. ;  Hortoles,  Etude  du  processus 
histologique  des  nephrites  Paris  1881;  Litten,  Untersuch.  iiber  d.  hcemorrh. 
Infarct  Berlin  1877;  Traube,  Ges.  Abhand.  i.,  ii.  (1871)  and  iii.  (1878);  Weissger- 
BER  and  Perls,  ArcJi.  f.  exp.  Path.  vi. ;  Senator,  Die  Albuminurie  Berlin  1822, 
trans,  by  Smith  (N"ew  Syd.  Soc.)  London  18S4;  Posner,  Virch.  Arch.  vol.  79; 
Heidenhain,  Hermann's  Handb.  d.  Physiologic  v. ;  Germont,  These  de  Paris  1883; 
RuNEBERG,  Deutsch.  Arch.  f.  klin.  Med.  xxiii. ;  Bamberger,  Wien.  vied.  Woch. 
1881;  Newman,  Joiini.  of  Anat.  xii.;  Oornil  and  Brault,  Path,  du  rein  Paris 
1884;  Roberts,  Urinary  and  renal  diseases  London  1885;  voN  Noorden,  D.  Arch. 
f,  klin.  Med.  xxxviii.  (1886). 

534.  In  general  auaeiuia,  and  in  contraction  of  the  renal  arteries 
I  by  thickening  or  spasm  of  their  walls,  the  blood-supply  of  the  kidney 
I  is  diminished,  and  it  becomes  angemic.  When  the  ansemia  is  consider- 
able the  organ  becomes  pale  or  grayish,  and  to  some  extent  translucent, 
j  When  the  blood  which  reaches  it  is  for  any  reason  irregularly  distributed 
I     the  pale  tint  may  appear  mottled  with  redder  patches. 

The  first  result  of  renal  anaemia  is  diminution  of  the  urine  ;  when 
the  supply  of  arterial  blood  becomes  very  greatly  diminished  albuminuria 
appears.  This  occurs  whether  the  aneemia  be  due  to  general  causes  (as 
in  cholera),  or  to  local  arterial  spasm  (as  in  epilepsy,  tetanus,  asphyxia, 
pyrexia,  or  lead-poisoning).  Cohnheim  regards  it  as  due  to  ischemic 
degeneration  of  the  glomerular  epithelium. 

Transient  anaemia  gives  rise  to  no  demonstrable  change  in  the  renal 
structures,  but  in  more  chronic  conditions  degeneration  and  atrophy  of 
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the  tubules  and  glomeruli  make  their  appearance.  The  deficient  supply 
of  blood  and  consequently  of  oxygen  also  leads  to  fatty  change  in  the 
renal  epithelium,  which  if  it  is  at  all  extensive  gives  the  section  of  the 
kidney  a  spotty  or  mottled  appearance.  If  the  blood-supply  is  entirely 
cut  off  general  necrosis  of  the  tissues  ensues  (Art.  527). 

Slight  but  long-enduring  interference  with  the  blood-supply  causes 
the  essential  elements  of  the  kidney  to  dwindle  and  shrink,  so  that  the 
bulk  of  the  organ  as  a  whole  is  gradually  diminished. 

525.  Renal  anaemia,  in  addition  to  the  epithelial  changes  it  induces, 
is  very  often  accompanied  by  atrophy  and  obliteration  of  certain  parts 
of  the  vascular  system  of  the  organ.  These  are  most  marked  when 
they  affect  the  glomerular  capillaries. 

A  normal  glomerulus  (Fig.  203  h)  appears  as  a  tuft  of  capillary  ves- 


Fio.  202.    Senile  atrophy  of  the  Kidney. 
{Section  hardened  in  alcohol,  stained  with  alum-carmine,  and  mounted  in  Canada  balsam:  x  300.) 

a,  normal  tubule  d,    atrophied  and  functionless  glomerulus 

b,  normal  glomerulus  e,    arteriole    with    somewhat    thickened 

c,  vascular  stroma  intima 

/,    atrophied  and  collapsed  tubules 


sels  each  covered  with  an  investment  of  nucleated  cells;  those  cf  an 
atrophied  or  functionless  glomerulus  on  the  other  hand  form  a  compact 
more  or  less  homogeneous  spherule  with  few  nuclei  or  none  (Fig.  202  d, 
Fig.  203  h).  This  spherule  may  show  traces  of  lobulation,  but  the  sev- 
eral capillary  loops  are  no  longer  distinguishable.  So  far  as  we  know, 
the  steps  of  the  change  are  collapse,  thrombosis,  and  hyaline  thickening 
of  the  capillary-walls;  these  latter  then  become  fused  into  a  homogene- 
ous mass,  the  glomerular  epithelium  meanwhile  disappearing.  The 
capsular  epithelium  persists  somewhat  longer,  but  ultimately  perishes 
in  like  manner,  and  the  collapsed  or  shrunken  capsule  comes  thus  to 
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surround  directly  tlie  altered  glomerulus,  without  any  intervening  layer 
of  epithelium  (Fig.  203  h).  The  capsule  itself  is  not  usually  altered: 
sometimes  however  a  slight  thickening  takes  place,  and  the  wall  then 
looks  homogeneous  or  occasionally  fibrillar  in  structure. 

A  glomerulus  thus  reduced  to  a  homogeneous  spherule  is  of  course 
no  longer  permeable,  and  the  vas  afferens  is  either  obliterated  or  delivers 
its  blood  directly  to  the  vasefferens.  The  corresponding  urinary  tubule 
is  also  rendered  functionless,  and  quickly  becomes  atrophied.  The 
epithelial  cells  dwindle,  lose  their  characteristic  shape  and  striation, 
and  are  transformed  into  small  cubical  cells.  They  may  remain  as  a 
regular  lining  or  lie  without  order  in  the  collapsed  lumen  of  the  tubule 
(Fig.  202/,  Fig.  203  d). 

In  some  of  the  tubules  the  cells  become  entirely  disintegrated  (Fig. 
203  e),  or  while  diminished  in  size  they  become  fatty,  and  sprinkled 
with  oil-globules. 


Fig.  203.    Contracted  KiDNTir?  with  arterial  sclerosis. 
{Stained  with  alum-carmine .  mounted  in  Canada  balsam  :   x  150.) 


a,    artery  with  thickened  and  fibrous  intima 
6,    obliterated  glomerulus  denuded  of  epithe- 
lium 

c,  capsule  collapsed  but  not  thickened 

d,  tubule   collapsed   and  filled    with    small 

cells 

e,  tubule  empty  and  collapsed 


tubules  with  stratified  and  unstratifled  col- 
loid casts  and  spherules 

dilated  tubule  containing  a  homogeneous 
mass  beset  -with  shed  epithelium 

cyst  containing  stratified  colloid  spherules 

stroma  of  cells  and  delicate  fibres 


In  atrophic  conditions  the  altered  epithelial  cells  usually  stain  very 
deeply  with  the  ordinary  nucleus-staining  reagents. 

In  the  lumina  of  the  functionless  tubules,  straight  and  convoluted, 
we  frequently  find  homogeneous  colloid  cylinders  and  spherules  (Fig. 
203  fh).  Some  of  these  are  stratified,  others  unstratified,  and  they 
may  be  so  numerous  as  to  distend  the  tubule  into  a  small  cyst  {7i).  So 
far  as  can  be  made  out  with  the  microscope  these  homogeneous  masses 
are  a  colloid  product  of  the  renal  epithelium,  which  is  produced  either 
in  the  form  of  droplets  that  afterwards  unite,  or  by  a  transformation  of 
the  entire  cell  when  loosened  from  its  place  and  carried  to  another  part 
of  the  tubule  (g).     The  dissolved  albumen  which  flows  through  the 
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tubule  as  the  degeneration  of  the  glomorulus  sets  in  may  have  some- 
thing to  do  with  its  formation.  When  the  lumen  of  a  tubule  becomes 
distended  with  these  colloid  masses  the  epithelium  becomes  flattened 
and  compressed. 

Larger  colloid  masses  or  agglomerations  are  visible  to  the  naked  eye 
as  translucent  yellowish  or  brownish  jelly-like  granules,  from  the  size  of 
a  pin's  head  to  that  of  a  pea.  In  rare  cases  like  masses  are  formed  within 
the  Bowman^s  capsule  of  the  malpighian  bodies. 

The  fibrous  tissue  of  the  atrophied  region  is  not  increased,  but  not 
infrequently  there  appears  to  be  an  accumulation  of  lymphoid  cells  in 
its  meshes.  It  is  questionable  whether  this  is  an  inflammatory  pro- 
cess; the  impression  conveyed  is  rather  that  the  spaces  left  free  by  the 
collapse  of  the  secreting  structures  have  been  partially  filled  up  by  indif- 
ferent cells. 

CoHNHEiM  and  Mendelson  {Amer.  Journ.  med.  sciences  Oct.  1883)  have  shown 
that  in  pyrexia  the  kidney  becomes  markedly  ansemic  from  contraction  of  the 
renal  vessels. 

OVERBECK  (Wiener  Sitzungsber.  XLVii.)  and  Hermann  (ibid,  xxxvi.,  XLV.) 
have  demonstrated  that  albuminuria  results  either  from  a  short  interruption  or  a 
considerable  diminution  of  the  circulation  through  the  kidney.  The  albuminuria 
persists  for  some  time  after  the  circulation  again  becomes  normal,  and  CoHN 
HEiM  thence  argues  that  the  cause  is  to  be  sought  for  in  an  alteration  of  the 
glomerular  epithelium. 

The  vascular  loops  of  the  glomeruli  are  covered  with  a  continuous  layer  of 
epithelial  cells,  which  must  be  regarded  as  glandular  in  character,  and  make  the 
glomerulus  in  effect  a  secreting  gland.  The  secretion  remains  normal  only  so 
long  as  these  cells  are  intact. 

The  great  majority  of  the  nuclei  seen  in  the  section  of  a  glomerulus  belong  to 
these  epithelial  cells.  The  actual  capillary-walls  are  either  devoid  of  nuclei  or 
possess  very  few  indeed. 

526.  The  simple  atrophy  of  the  glomeruli  and  tubules  described  in  the 
last  Article  is  met  with  in  an  uncomplicated  form  as  a  senile  phenome- 
non: it  is  seldom  absent  in  the  kidney  of  old  a^e.  When  the  atrophied 
portions  lie  near  the  surface  of  the  kidney  they  appear  as  small  scar-like 
depressions,  the  surrounding  parts  of  the  parenchyma  being  somewhat 
redder  than  usual. 

Simple  atrophy  of  the  secreting  structures  is  also  extremely  common 
as  an  accompaniment  of  the  most  various  renal  affections.  It  occurs  for 
example  in  embolic  occlusion  of  the  renal  arteries,  in  the  various  forms 
of  nephritis,  and  in  hydronephrosis.  We  see  it  however  in  its  purest 
form  and  greatest  extension  in  the  affection  which  is  best  described  by 
the  term  arteriosclerotic  atrophy. 

The  renal  arteries  and  their  branches  in  aged  persons  are  very  fre- 
quently the  seat  of  sclerotic  change  (Art.  297),  which  may  simultaneously 
affect  the  arteries  of  other  regions  also,  or  be  confined  to  those  of  the 
kidney.     The  intima  of  the  vessels  thus  becomes  notably  thickened  (Fig. 
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203  a.  Fig.  204  e  f)  find  the  liimon  narrowed  or  obliterated:  the  result 
is  that  a  certain  number  of  glomeruli  become  more  or  less  functionlass, 
tiie  number  depending  on  the  size  of  the  affected  arterial  stem.  Ob- 
struction of  a  vas  afTcrens  will  affect  only  a  single  glomerulus;  constric- 
tion of  an  interlobular  artery  may  cause  the  atrophy  of  an  entire  series. 
The  morbid  changes  appear  in  patches  scattered  over  the  kidney 
according  to  the  distribution  of  the  affected  arteries;  but  occasionally 
they  are  so  extensive  as  to  affect  almost  uniformly  the  whole  of  the  cor- 
tical zone. 


Fig  204.    Cortex  op  an  arteriosclerotic  Contracted  Kidney. 
(Artenes  and  glomeruli  injected  with  Prussian  blue;  the  section  stained  with  alum-carmine:  X  50.; 


a,    normal  glomeruli 

b  c,  partially  and  totally  atrophied  glomeruli 
without  thickening  of  the  capsule 

d,  atrophied  glomerulus  with  thickened  cap- 

sule 

e,  artery  with  greatly  thickened  intima 

/,  interlobular  arteries  much  convoluted  and 
running  parallel  to  the  surface  of  the 
kidney 

<■/,  dUated  arteries  passing  down  to  the  medul- 
lary zone 


h  hj ,  interlobular  and  subcapsular  veins 

i,      large  venous  trunk 

k,     atrophied  parenchyma  with  a  few  shrunken 

tubules  I 
in,    cystic  dilatation  of  a  tubule  with  hyaline 

contents 
n,     normal  tubules 
o,     tubules  in  the  medullary  ray  with  hyaline 

casts 
jD,     patent  tubules  in  the  medullary  ray 
5,     cellular  infiltration 


In  slight  cases  the  section  shows  only  a  few  scattered  cicatricial  con- 
tractions of  various  sizes,  which  are  usually  somewhat  redder  than  the 
parts  around;  these  latter  are  pale  grayish-red  or  reddish-brown  in  tint. 
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The  greater  the  number  of  atrophic  patches  the  more  numerous  are 
these  cicatricial  contractions,  so  that  at  length  the  kidney  looks  granular 
and  roughened  on  its  surface  while  its  bulk  is  notably  diminished.  The 
condition  may  then  be  aptly  referred  to  as  arteriosclerotic  contrac- 
tion. 

This  form  of  contraction  sometimes  reaches  an  extreme  degree,  the 
whole  kidney  being  remarkably  small  and  shrunken,  and  the  cortex  re- 
duced to  a  thickness  of  one  or  two  millimetres.  In  such  cases  the 
greater  number  of  the  glomeruli  are  atrophied  (Fig.  204  h  c  d),  and  the 
corresponding  tubnles  (/)  are  collapsed,  shrunken,  and  empty  or  filled 
with  atrophied  epithelial  cells.  Some  of  the  tubules  usually  contain: 
hyaline  colloid  masses,  especially  in  the  loops  of  Henlc  (o),  which  are 
often  entirely  filled  with  them.  The  convoluted  tubules  of  the  cortex 
on  the  contrary  seldom  contain  casts,  though  here  and  there  they  appear 
dilated  into  little  cysts  (m)  filled  with  colloid  substance.  Cases  also 
occur  in  which  the  entire  parenchyma  is  beset  with  small  cysts  from  the 
size  of  a  millet-seed  to  that  of  a  pea.  The  shrinking  and  warping  of 
the  cortex  causes  the  interlobular  arteries  (/)  to  be  distorted  and  twisted 
into  irregular  spirals,  while  here  and  there  some  of  them  are  so  displaced 
as  to  run  nearly  parallel  to  the  surface.  Most  of  them  show  a  more  or 
less  marked  thickening  of  the  iutima  (ef). 

When  the  vascular  system  of  the  cortex  is  thus  damaged  or  oblite- 
rated by  the  obstruction  of  the  glomerular  and  interlobular  capillaries  the 
vessels  running  towards  the  medullary  zone  (the  arterise  rectse  (^))  become 
widely  dilated,  and  the  greater  part  of  the  blood-stream  passes  directly 
through,  the  medulla. 

In  the  arteriosclerotic  kidney  there  is  little  or  no  hyperplasia  of  the 
connective  tissue,  and  the  capsule  of  Bowman  is  seldom  perceptibly 
thickened.  Here  and  there  however  the  connective  tissue  shows  patches 
of  cellular  infiltration  (q). 

Gull  and  Sutton  {Med.  chir.  Trans.  LV.  1872)  were  the  first  to  call  special  at- 
tention to  the  arterial  changes  associated  with  contracted  kidney;  they  described 
the  condition  as  '  arterio-capillary  fibrosis.'  Their  statements  were  however 
somewhat  lacking  in  precision,  and  they  did  not  sufficiently  distinguish  between 
primary  arteriosclerosis  and  the  secondary  form  associated  with  interstitial  ne- 
phritis. Dr.  George  Johnson  (Lectures  on  Brighfs  disease  London  1873)  di-ew 
attention  to  the  hypertrophy  of  the  muscular  coats  of  the  arterioles  in  certain 
chronic  kidney  diseases;  he  interpreted  the  vascular  cliange  as  secondary.  In 
Germany  Thoma.  and  Ewald  (Virch.  Arch.  vol.  71)  minutely  investigated  the 
vascular  changes  in  contracted  kidney,  but  they  too  failed  to  keep  distinct  the 
various  forms  of  the  affection.  Ziegler  (Deutsch.  Arch.  f.  Min.  Med.  xxv.)  first 
discussed  in  detail  the  great  importance  of  primary  changes  in  the  vessels  in  deter- 
mining the  contraction  of  the  kidney,  and  showed  that  primary  sclerosis  gives 
rise  to  a  special  form  of  contraction,  for  which  he  accordingly  suggested  the 
term  arteriosclerotic  atropliy.  Leyden  has  recently  (Zeitschr.  f.  Jdin.  Med.  ii., 
and  Rosenstein  (Trans,  internat.  med.  Congress  ii.  London  1882)  examined  the 
subject  very  fully,  and  proposes  to  call  the  affection  renal  sclerosis.     ZlEGLER  ob- 
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jects  to  this  term  on  the  ground  that  sclerosis  of  an  organ  implies  induration,  and 
the  absence  of  induration  in  the  arteriosclerotic  kidney  is  what  essentially  disiiii- 
guishes  it  from  the  cirrhotic  contracted  kidney.  See  also  Hijlsti  {D.  Arch.  f. 
Mill.  Med.  xxxviii.  1885),  and  Gull  {Amer.  Journ.  med.  set.  188Gj. 

The  vascular  change  as  we  have  seen  begins  usually  in  the  arterioles.  There 
is  however  evidence  that  the  glomeruli  may  be  the  scat  of  primary  sclerosis,  the 
capillaries  becoming  obstructed  by  a  hyaline  thickening  of  their  walls.  It  is 
worthy  of  note  that  arteriosclerotic  contraction  is  very  common  among  workers 
in  lead,  especially  in  the  young;  the  sclerotic  change  is  most  marked  in  the 
smallest  vessels  and  in  the  glomeruli.  It  would  thus  appear  that  lead  has  a  selec- 
tive degenerative  action  on  these  parts  of  the  vascular  system.  The  affecticm 
is  usually  accompanied  by  symptoms  of  gout.  See  Ollfvier  {Archives  generates 
de  med.  1863),  Danjoy  (ibid.  1864),  Traube  {Allg.  med.  Centralzeitimg  1861). 
Dickinson  {Diseases  of  the  kidney  ii.  London  1877),  Hoffa  (  Ueb.  Nephritis  satur- 
nina  Freiburg  1883),  Charcot  and  Gombault  {Arch,  de  Physiologie  1881),  Wao- 
NEK{Ziemssen's  Handb.  d.  spec.  Path.  3d  edition  ix.),  Garrod  {Gout  and  Rheu- 
matic gout  3d  edition  London  1876). 

Arteriosclerotic  contraction  is  very  gradual  in  its  progress.  Albuminuria  is 
slight  or  absent  altogether.  Cardiac  hypertrophy  may  ensue  as  in  other  atrophic 
tiffectious  of  the  kidney.  For  cases  see  Lemcke  {Deut.  Arch.  f.  klin.  Med.  xxxv. 
with  references  ),  Schuchardt  {Berl.  klin.  Woch.  41,  1882). 

527.  The  renal  vessels  having  no  arterial  anastomoses,  when  a  renal 
arteriole  is  blocked  by  an  embolus  embolic  infarction  ensues.  Imme- 
diately after  the  stoppage  of  the  circulation  through  the  region  supplied 
by  the  embolised  vessel  there  is  no  apparent  change  in  the  renal  tissue. 
In  a  few  hours  however  the  starved  tissue  dies,  and  gradually  assumes  a 
turbid  grayish  or  yellowish  tint.  Presently  there  is  more  or  less  exten- 
sive hypergemia  and  haemorrhage  and  the  pallor  of  the  dead  tissue  disap- 
pears at  least  in  part.  Litten^s  investigations  show  that  the  haemor- 
rhage takes  place  chiefly  from  the  capillaries,  and  is  in  fact  an 
extravasation  from  engorgement  (Art.  30).  The  blood  in  the  capillaries 
of  the  embolised  region  being  derived  solely  from  the  neighboring  capil- 
laries the  pressure  is  insufficient  to  drive  it  through  them  into  the  larger 
veins;  stasis  ensues,  and  soon  the  capillaries  and  venules  are  distended 
with  blood,  which  at  length  escapes  into  the  surrounding  tissue.  The 
extravasation  takes  place  mainly  from  the  intertubular  capillaries,  but 
blood-cells  and  plasma  may  escape  from  the  glomeruli  likewise  and  ac- 
cumulate within  the  capsules  and  tubules.  Cohnheim  and  G-uillebead" 
have  sought  to  make  out  that  a  certain  amount  of  reflux  takes  place 
from  the  veins  of  the  embolised  region. 

The  haemorrhage  may  be  slight  and  limited  to  the  marginal  zone  of 
the  region,  or  it  may  be  great  and  extend  over  the  whole  of  it.  In  the 
latter  case  the  entire  patch  becomes  uniformly  dark-red  or  mottled  with 
red  and  gray.  Very  soon  however  this  appearance  changes,  the  centre 
of  the  patch  becoming  rapidly  pale  again  by  the  difEusion  and  absorption 
of  the  coloring-matter  of  the  blood.  The  infarct  then  closely  resem- 
bles a  simply  ansemic  patch. 
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In  a  few  days  after  the  embolism  the  infarct  appears  as  a  more  or  less 
regularly-shaped  wedge  or  cone  of  a  dull  yellowish  or  grayish  tint,  sur- 
rounded by  a  zone  of  hsemorrhagic  infiltration.  Sometimes  a  narrow 
white  zone  intervenes  between  the  latter  and  the  pale  centre.  This 
white  zone  contains  vessels  filled  with  plasma  and  a  great  multitude  of. 
white  blood-cells.  The  base  of  the  cone  is  always  directed  outwards,  and 
its  apex  is  rounded  off. 

The  size  of  the  infarct  depends  on  the  size  of  the  obstructed  artery. 
The  smallest  may  be  no  larger  than  a  millet-seed;  more  commonly  they 
are  larger,  measuring  from  4  to  10  mm.  at  the  base,  and  extending  to  the 
middle  of  the  cortex  or  even  to  the  boundary  zone;  now  and  then  they 
are  so  large  as  to  include  a  third  or  more  of  the  whole  kidney. 

The  renal  epithelium  perishes  some  two  hours  after  the  circulation 
ceases  (LiTTEisr);  it  becomes  homogeneous,  or  turbid  and  granular,  and 
ceases  to  take  up  staining-reagents.  The  nuclei  become  pale  and  indis- 
tinct, and  ultimately  dissolve  or  break  up  into  fragments.  At  first  the 
dead  cells  retain  their  normal  place  and  arrangement,  but  presently 
some  of  them  break  away  from  their  attachment  to  the  membrana 
propria  of  the  tubule  and  are  transformed  into  structureless  flakes  and 
blocks,  or  they  crumble  into  amorphous  granules.  Sometimes  a  part  of 
the  necrosed  and  detached  epithelium  becomes  calcified.  Meanwhile  the 
intertubular  connective  tissue  swells,  being  pervaded  with  liquid  and 
blood-cells  or  granular  detritus.  The  former  are  met  with  chiefly  in  the 
red  marginal  zone,  the  latter  in  the  pale  centre.  The  nuclei  of  the  con- 
nective tissue  are  pale  and  some  of  them  lose  their  outline,  while  the 
membrana  propria  of  the  tubules  is  more  or  less  swollen  up. 

The  glomeruli  remain  for  a  considerable  time  unaltered,  but  by  and 
by  they  too  lose  their  nuclei  and  are  transformed  into  colorless 
spherules  in  which  the  constituent  parts  are  no  longer  distinguishable. 
When  blood  has  escaped  from  the  glomerular  capillaries  into  the  capsule 
and  its  tubule,  the  blood-cells  may  disintegrate  into  granular  masses 
which  form  brownish  casts  of  the  lumen.  But  these  are  never  numerous, 
and  are  often  absent. 

528.  The  changes  just  described  take  place  of  course  only  in  the 
region  where  the  tissue  perishes,  that  is  to  say  in  the  central  parts  and 
in  a  portion  of  the  marginal  zone  of  the  infarct.  This  region  gradually 
becomes  disintegrated  and  liquefied,  its  structural  elements  losing  their 
distinctness  more  or  less  completely.  Even  the  fibrous  structures  and 
the  glomeruli  may  in  extreme  cases  break  down  and  ultimately  dissolve 
like  the  rest. 

Notwithstanding  this  a  focus  of  true  colliquative  softening  is  seldom 
produced,  inasmuch  as  the  products  of  disintegration  and  liquefaction 
are  absorbed  as  fast  as  they  appear.  The  epithelial  cells  are  the  only  ele- 
ments which  disappear  entirely  over  any  considerable  area,  the  fibrous 
tissue  and  glomeruli  in  great  part  remain  undissolved,  though  of  course 
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they  are  greatly  altered.      In  the  smaller  iafarcts  no  part  of  the  fibrous 
structure  entirely  disappears. 

The  necrosis  and  disintegration  of  part  of  the  tissue  is  accompanied 
by  degenerative  changes,  chiefly  fatty,  of  other  parts.  They  are  later  in 
appearing,  and  affect  the  elements  which  do  not  at  once  undergo  necro- 
sis. The  renal  epithelium,  the  glomeruli  and  their  capsules,  and  the 
fibrous  stroma  appear  beset  with  oil-globules,  though  the  fatty  change 
never  becomes  extensive  or  extreme.  Fatty  degeneration  may  affect 
those  glomeruli  whose  vessels  remain  intact  as  well  as  those  where  ob- 
struction or  obliteration  has  taken  place.  Collapsed  and  f  unctionless 
tubules  occasionally  become  distended  with  oil-globules,  which  may  also 
make  their  appearance  in  the  lumen  of  tubules  that  remain  healthy. 

Some  portions  of  the  embolised  region  may  promptly  receive  a  sup- 
ply of  blood  from  the  neighboring  capillaries  or  from  the  vessels  of  the 
capsule  which  penetrate  the  tissue  of  the  organ  (Litten,  Pautynski). 
In  other  parts  the  interrupted  circulation  may  in  a  few  days  be  partially 
restored  by  the  opening  up  of  collateral  channels,  or  of  the  obstructed 
vessel  itself  through  shrinking  or  absorption  of  the  embolus.  The 
restoration  of  the  circulation  can  hardly  ever  (at  least  in  the  larger 
infarcts)  be  sufficient  to  repair  fully  the  damage  done  to  the  renal  tissue. 
Some  of  the  tubules  and  glomeruli  always  perish  outright,  or  become  so 
atrophied  that  they  no  longer  perform  their  functions. 

Complete  restoration  of  an  embolised  region  is  in  fact  possible  only 
when  the  normal  circulation  is  very  speedily  re-established.  If  a  glome- 
rulus be  permanently  obstructed  its  tubule  can  no  longer  be  restored  to 
its  normal  state.  If  the  conditions  are  so  favorable  that  its  epithelium 
once  partially  degenerated  is  reproduced  by  multiplication  of  the  remain- 
ing cells,  the  new  elements  remain  small  and  f  unctionless.  The  same  is 
true  of  the  epithelial  elements  which  do  not  perish  outright,  if  the  cir- 
culation through  the  corresponding  glomerulus  is  permanently  inter- 
rupted. 

The  loss  of  tissue  brought  about  by  the  embolism  results  in  the 
formation  of  a  contracted  cicatrix,  which  looks  gray  or  reddish  according 
to  the  blood  it  contains,  and  in  later  stages  may  become  slaty-gray  or 
brown  from  pigmentation. 

In  large  infarcts  extending  through  the  whole  thickness  of  the  cortex 
the  centre  of  the  cicatrix  shows  no  trace  of  renal  structure,  but  is  occu- 
pied entirely  by  fibrous  tissue  partly  representing  the  original  stroma 
and  partly  of  new  formation.  Whitish  fibrous  nodules  with  few  nuclei 
represent  the  glomeruli,  the  capsule  of  Bowman  being  no  longer  recog- 
nizable. There  are  no  tubules,  the  only  trace  of  their  existence  being 
clefts  or  streaks  devoid  of  epithelium  scattered  through  the  cicatrix. 
The  larger  arterioles  are  collapsed  and  impermeable,  and  ill-defined 
against  the  surrounding  fibrous  tissue. 

Surrounding  the  obliterated  region  is  an  irregular  zone  within  which 
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the  fibrous  stroma  is  increased,  the  glomeruli  reduced  to  homogeneous 
denucleated  impermeable  spherules,  and  the  tubules  collapsed. 

The  altered  glomeruli  are  enclosed  in  a  capsule  which  is  either  normal 
or  consists  of  thickened  fibrous  tissue  disposed  in  concentric  strata:  in 
recent  infarcts  the  glomeruli  may  show  a  few  scattered  oil-globules.  The 
tubules  are  either  empty  or  contain  small  epithelial  cells,  usually  lying 
without  regular  order  in  the  lumen.  Here  and  there  towards  the  mar- 
gin of  the  infarct  tubules  containing  fatty  epithelium  are  seen. 

The  intertubular  fibrous  tissue  is  always  increased;  in  parts  it  is  dense 
and  coarsely  fibrous,  in  others  soft  and  beset  with  numerous  round-cells. 
The  latter  are  more  numerous  as  the  cicatrix  is  recent  or  imperfectly 
developed.  Pigment  is  seldom  present,  though  occasionally  it  appears  in 
the  form  of  granules  and  crystals. 

The  boundary  between  the  cicatrix  and  the  healthy  tissue  is  seldom 
sharply  defined,  but  the  transition  from  normal  to  atrophied  tissue  is 
sufficiently  clear.  The  neighboring  healthy  tubules  sometimes  contain 
hyaline  casts. 

The  cicatrix  is  due  to  the  absorption  of  the  dead  and  degenerate 
tissue,  which  is  only  to  a  very  slight  extent  regenerated,  and  to  hyper- 
plasia of  the  fibrous  structures. 

The  number  and  magnitude  of  the  embolic  cicatrices  determine  the 
degree  of  distortion  which  the  kidney  as  a  whole  undergoes  by  their  con- 
traction. When  they  are  numerous  and  large  the  bulk  of  the  organ 
may  be  considerably  diminished,  and  a  form  of  contracted  kidney  which 
we  may  appropriately  call  the  embolic  contracted  kidney  is  produced. 
It  is  always  characterized  by  the  irregularity  of  the  contraction. 

Emboli  containing  infective  matters  give  rise  to  metastatic  abscesses 
(Art.  54:3). 

References: — Kirkes,  Med.  chir.  Trans,  xxv.  (1842);  Beckmann,  Vireh.  Arch. 
vol.  20;  CORNIL  and  Ranvier,  Man.  d'hist.  path.  Paris  1878;  Argatinzki, 
Beitrdge  z.  norm,  u,  path.  Anat.  d.  Niere  1877;  Utthoff,  Exp.  Beitrdge  z.  Nephri- 
tis In.  Diss.  Berlin  1881;  Litten,  Zeitschr.  f.  Min.  Med.  i.  (1879),  Unters.  ub.  d. 
hcem.  Infarct  Berlin  1879;  Cohnheim,  Allg.  Path,  i,  Berlin  1882;  Weiqert, 
Virch.  Arch.  vols.  72,  79;  Guillebeau,  Ueber  d.  Hist.  d.  hcem.  Infarcte  Berne 
1880;  Grawitz  and  Israel,  Virch.  Arch.  vol.  77;  Talma,  Zeitschr.  f.  Min.  Med. 
II.  (1880);  Pautynski,  Virch.  Arch.  vol.  79;  Hamilton,  Liverpool  Med.  chir. 
Journ.  July  1883  (who  questions  the  existence  of  a  hemorrhagic  stage);  Mogling, 
Zur  Entstehung  d.  hcemorrhagischen  Infarcts  Jena  1884  (with  an  admirable 
summary  of  the  literature). 

Litten  has  shown  experimentally  that  the  renal  epithelium  dies  if  deprived  of 
blood  for  two  hours.  If  the  deprivation  is  of  shorter  duration  it  becomes  for  a 
time  incapable  of  performing  its  functions.  When  the  anaemia  is  maintained 
for  six  to  eight  hours  the  connective-tissue  elements  likewise  perish.  In  rabbits 
and  dogs  the  epithelium  when  killed  by  temporary  ligature  of  the  renal  artery  is 
in  part  detached  from  the  tubules  and  forms  epithelial  casts  which  ultimately  be- 
come calcified. 

The  urine  secreted  by  a  kidney  in  this  state  of  anaemic  degeneration  and 
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necrosis  is  found  to  contain  albumen.  Litten  liolds  that  the  albumen  is  derived 
from  the  degenerate  epithelium,  inasmuch  as  the  glomeruli  are  apparently  un- 
altered. This  theory  cannot  be  confuted,  but  it  does  not  seem  necessary,  seeing 
that  the  admitted  degeneration  of  the  glomerular  e{)ithelium  suffices  to  expLiin 
the  escape  of  albuminous  liquid  from  the  capillaries.  See  also  voN  Werra, 
Virch.  Arch.  vol.  88. 


CHAPTER  LXYIL 

RENAL  DEPOSITS  DERIVED   FROM  THE    BLOOD. 

529.  Deposits  in  the  renal  tissue  of  solid  or  corpuscular  matters 
coming  from  the  blood  are  of  three  kinds. 

In  the  first  place  they  may  consist  of  foreign  substances  circulating 
in  the  blood.  Secondly,  they  may  consist  of  constituents  of  the  blood 
which  have  abnormally  escaped  from  the  blood-vessels,  in  consequence 
of  morbid  changes  in  the  parenchyma  of  the  kidney.  Thirdly,  sub- 
stances normal  or  morbid,  which  in  health  remain  dissolved,  may 
under  special  conditions  be  precipitated  in  the  solid  form  within  the  kid- 
ney. In  many  cases  two  or  all  three  of  these  forms  of  deposits  are  met 
with  simultaneously. 

Substances  abnormally  escaping  from  the  blood-vessels  are  deposited 
in  the  fibrous  stroma  or  in  the  tubules,  whence  they  may  ultimately 
reach  the  collecting  tubes  and  the  pelvis  of  the  kidney.  From  the  pelvis 
they  may  be  at  once  carried  off  to  the  bladder,  or  they  may  remain  for  a 
considerable  time. 

Many  deposits  give  rise  to  an  appreciable  alteration  of  the  renal 
structures.  Others  induce  more  or  less  extensive  degenerations,  or  in- 
flammations. In  this  respect  the  behavior  of  bacteria  reaching  the  kid- 
ney from  the  blood  is  very  various.  Anthrax-bacilli  may  crowd  the 
renal  vessels  without  giving  rise  to  degenerative  or  inflammatory  change, 
while  the  micrococci  of  pyaemia  at  once  set  up  intense  inflammation  and 
wide  spread  necrosis  (Art.  543). 

According  to  Litten"  bacteria  may  so  multiply  and  accumulate  in 
the  Bowman's  capsules  and  in  the  tubules  as  to  distend  them  and  effec- 
tually block  them  up. 

530.  Leukaemic  infiltration  of  the  kidney  is  one  of  the  results  of 
of  leukemia  (Art.  260);  it  is  characterized  by  an  accumulation  of  white 
blood-cells  in  the  renal  tissue.  When  the  infiltration  is  well  marked 
the  kidney  becomes  pale-gr.iy  in  color  and  is  somewhat  swollen;  or 
grayish  nodules  appear  scattered  through  it. 

See  ViRCHOW  (Gesxammelte  Abhandl.  Frankfort  1856),  Friedreich  (Arch.  f. 
path.  Anat.  xii.),  Bottcher  (ibid.  xiv.).  Rindfleisch  [Path.  Hist.  ii.  Loudon 
1873),  Greenfield  (Trans.  Path.  Soc.  xxix.  187S). 

HaemorrhagiC  inflltration  is  usually  due  to  extravasation  of  blood 
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from  the  glomeruli,  or  more  rarely  from  the  intertubular  capillaries.  As 
the  blood  escapes  from  the  capsule  of  the  malpighian  body  into  its  tubule 
(Art.  544,  Fig.  213)  the  infiltration  takes  the  form  of  reddened  streaks 
and  specks  of  the  size  of  a  millet-seed.  Such  extravasations  are  due 
partly  to  disturbances  of  the  circulation,  partly  to  alterations  or  degen- 
erations of  the  glomeruli;  but  large  hgemorrhages  from  the  glomeruli 
are  seldom  due  to  mere  disturbances  of  the  circulation,  except  in  the 
case  of  embolism.  Blood  which  has  escaped  from  a  glomerulus,  espe- 
cially if  it  is  considerable  in  quantity,  usually  becomes  disintegrated 
within  the  tubules,  forming  granular  yellowish  or  brownish  casts  of  their 
lumina.  After  a  time  yellow  or  brown  pigment  granules  also  appear. 
As  these  lie  chiefly  within  the  epithelial  cells  (Art.  544,  Fig.  213)  we  must 
apparently  assume  that  the  pigment  is  formed  in  the  cells  from  the 
diffused  coloring- matter  of  the  blood.  It  is  however  possible  that  the 
cells  may  take  up  pigment-granules  lying  free  within  the  tubules.  This 
secondary  condition  is  referred  to  as  pigmentary  iafiltration. 

Blood-cells,  whether  entire  or  disintegrated,  which  reach  the  pelvis 
of  the  kidney  through  the  collecting  tubes  are  in  general  speedily 
removed  with  the  urine.  It  is  only  when  a  large  intra-renal  haemorrhage 
has  taken  place,  or  when  the  mucous  membrane  of  the  pelvis  itself  is 
the  source  of  the  bleeding,  that  fibrinous  coagula  are  produced,  and 
then  they  take  the  form  of  tough  dirty- white,  yellow,  or  brown  clots. 

If  as  described  in  Art.  262  a  solution  of  hasmoglobin  in  the  blood- 
plasma  has  taken  place,  the  dissolved  haemoglobin  and  methgemoglobin 
are  excreted  through  the  kidney  (haemoglobinuria).  At  the  same  time 
we  find  in  the  tubules  deposits  of  lustrous  reddish-yellow  or  brownish 
globules  of  haemoglobin,  yellow  and  brown  pigment-granules,  and  less 
frequently  red  blood-crystals.  This  form  is  also  described  as  pigmentary 
infiltration,  but  more  fitly  perhaps  as  haemoglobin  infarction. 

The  pigment-granules  are  partly  deposited  as  such  from  the  blood, 
partly  precipitated  from  the  dissolved  coloring-matter  in  the  process  of 
excretion.  In  the  deeper  parts  of  the  kidney  these  products  of  disinte- 
gration of  the  blood  become  aggregated  into  brownish  granular  tube-casts: 
the  globules  of  haemoglobin  form  homogeneous  pale-yellow  casts. 

A  third  form  of  pigmentary  deposit,  biliary  infiltration,  is  due  to 
the  precipitation  of  yellow  or  brown  amorphous  granules  and  flakes  of 
bile-pigment.  It  is  a  result  of  icteric  contamination  of  the  blood.  These 
granules  lie  for  the  most  part  within  the  epithelial  cells,  especially  those 
of  the  convoluted  tubules.  Sometimes  crystals  of  bilirubin  are  formed; 
this  is  most  frequently  observed  in  cases  of  icterus  neonatorum. 

These  coloring-matters  may  give  the  kidney  a  dark-brown  (from 
methsemoglobin)  or  a  yellow  or  brownish-yellow  tint  (from  bile-pigment). 
Deposits  of  amorphous  and  crystalline  pigment  appear  to  the  eye  as 
small  reddish-brown  to  black,  yellow,  yellowish-brown,  or  yellowish-red 
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spots  and  streaks.  In  adults  these  are  most  numerous  about  the  cortex, 
in  infants  chiefly  in  the  medulla  about  the  neighborhood  of  the  papillas. 

A  peculiar  form  of  pigmentation,  known  as  argyrosis  or  silver- 
staining,  is  due  to  the  deposit  of  silver-particles  in  cases  where  prepara- 
tions of  the  metal  have  been  medicinally  administered.  The  particles 
lie  chiefly  in  the  medullary  zone,  and  give  it  a  dark-gray  tint. 

Small  haemorrhages  and  pigmentary  deposits  cause  no  perceptible 
injury  to  the  renal  tissue.  Larger  hsemorrhages  and  extensive  deposits 
of  methaemoglobin  and  pigment  may  give  rise  to  obstruction  of  the 
tubules  and  degeneration  of  the  epithelium. 

References:— PONPICK,  Berl.  klin.  Woeh.  17,  1876  and  46,  1877,  Vlrch.  Arch. 
vols.  62,  88;  Lesser,  ibid.  vol.  79;  Marchand,  ibid,  vol,  77;  Neisser,  Zeitschr.  f. 
Min.  Med,  i. ;  Adams,  Hceinoglobinausscheidung  in  den  Nieren  In.  Diss.  Barliu 
1880;  BosTROii,  Ueb.  d.  Intoxication  durch  d.  essbare  Morchel  Leipzig  1882, 
Deut.  Arch.  f.  klin.  Med.  xxxii. ;  Lebedeff,  Virch.  Arch.  vol.  91;  Luchsinger, 
PJliXgefs  Arch.  vol.  11;  Bohm,  Arch.f.  exp.  Path.  YL ;  Masius,  In.  Diss.  Breslaii 
1882;  LicaTHEiM,  Sammlung  Min.  Vortrdge  134;  Jacobi,  New  York  Med.  R^c.  U, 
1879;  Dreschfeld,  Trans,  internat.  med.  congressi.  Londoa  1881;  Apaxassiew, 
and  Boas,  Arch.f.  klin.  Med.  vi.  1883,  Virch.  Arch.  vol.  98. 

After  transfusion  of  blood  from  another  animal  (Panum,  Ponfick),  after 
severe  burns  (Ponfick,  Lssser,  Lichtheim),  poisoning  with  the  morel  mushroom 
(Bostrom,  PoNFiCKj,  and  subcutaneous  injection  of  glycerine  (Luchsingeu, 
hseraoglobinuria  has  been  observed;  and  after  poisoning  with  potassium  chlorate 
meth^moglobinuria  (Marchand,  Lebedeff,  Jacobi,  Dreschfeld).  According 
to  the  recent  researches  of  Ponfick  (Congress  f.  innere  Medicin  Wiesbaden  1888) 
haemoglobin  is  excreted  not  only  by  the  glomeruli  but  also  by  the  renal  epithelium ; 
see  also  Adami  (Journ.  of  Physiol,  vi.  1885), 

The  obscure  affection  known  as  intermittent  or  paroxysmal  hsemoglobitturia 
appears  to  be  associated  with  no  recognizable  anatomical  alteration  of  the  kidney 
other  than  haemorrhagic  and  pigmentary  infiltration  and  congestive  hypersemia. 
See  the  references  in  Art,  263;  also  Mdrri,  Delia  emoglobinuria  dafreddo  Bologna 
1880;  CoHNHEiM,  Allg.  Path,  ii,  Berlin  1882;  S,  Mackenzie,  Lancet  1,  1881; 
Dickinson,  Renal  and  urinary  affections  ill.  London  1885;  Roberts,  Urinary  and 
renal  diseases  London  1885. 


531.  Uric  acid,  whether  produced  in  normal  or  abnormal  quantity 
(as  in  gout),  may  be  deposited  in  the  kidney  in  the  solid  form  or  as  solid 
urates  when  the  water  excreted  is  incapable  of  holding  it  all  in  solution. 
This  is  especially  apt  to  take  place  (according  to  Voit  and  Hoffmann) 
when  the  urine  becomes  acid  by  fermentation,  and  acid  sodium  phos- 
phate being  present  decomposes  the  alkaline  urates  of  the  urine  to  form 
basic  phosphate. 

The  deposit  consists  partly  of  uric  acid,  partly  of  urates  and  espe- 
cially sodium  urate:  it  takes  the  form  of  amorphous  granular  masses  or  of 
acicular  crystals.  These  lie  in  the  tubules,  chiefly  the  collecting  tubules, 
and  partly  in  the  connective  tissue. 

The   smallest    deposits    are  not  visible   to  the  unaided  eye.  ■  More 


EENAL    DEPOSITS    DERIVKD   FROM  THE    BLOOD.  733 

abundant  precipitation  gives  rise  to  the    powdery  or   coarsely  granular 
deposits  known  as  gravel  or  to  renal  calculi. 

Uratic  deposits  are  most  frequently  met  with  in  new-born  infants, 
especially  such  as  die  two  to  fourteen  days  after  birth.  In  the  first  two 
days  of  life  and  in  infants  who  have  not  breathed  they  are  rarely  found. 
Apparently  the  rapid  metabolic  changes  which  take  place  after  birth  are 
accompanied  by  the  production  of  so  much  uric  acid  that  the  urine  is 
incapable  of  holding  it  all  in  solution.  These  deposits  in  infants  are 
sometimes  described  as  uratic  infiltration.  They  consist  ol  ammo- 
nium and  sodium  urates;  they  lie  in.  the  medullary  zone,  and  appear  as 
pale  yellowish-red  streaks. 

In  adults  the  uratic  deposits  usually  take  the  form  of  sand  or  gravel, 
and  lie  both  in  the  cortex  and  the  medulla,  as  well  as  in  the  calices  and 
pelvis  of  the  kidney:  they  vary  greatly  in  amount  in  different  cases.  In 
the  calices  and  pelvis  they  often  become  aggregated  into  concretions  from 
the  size  of  a  pea  to  that  of  a  hazel-nut,  and  are  then  known  as  renal 
calculi.  Occasionally  these  take  the  form  of  large  branching  casts  of  the 
infundibulum  and  its  ramifications,  and  then  look  something  like  masses 
of  coral. 

Uratic  calculi  are  hard,  yellow  brown  or  red  in  color,  and  are  smooth 
or  slightly  nodular  on  the  surface.  Small  calculi  have  a  crystalline 
fracture,  but  the  larger  ones  are  amorphous  and  often  wood-like  in  tex- 
ture. These  deposits  whether  in  the  substance  of  the  kidney  or  in  its 
pelvis  may  give  rise  to  disorders  of  secretion  or  to  inflammation  (Art. 
555). 

References  on  uratic  deposits: — Garrod,  On  gout  and  rheumatic  gout  London 
1876;  Heller,  Die  Harnconcretionen  Vienna  1860;  Neubauer  and  Vogel, 
Analyse  d.  Hams  Wiesbaden  1881;  Salkovvski  and  Leube.  Die  Lehre  vom  Ham 
Berlin  1882;  Charcot,  Legons  sur  les  maladies  due  foie  et  des  reins  Paris  1877; 
CoHNHEiM,  ^ZZgr.  Path.  u.  Berlin  1882;  Senator,  Ziemssen's  Cyclop,  xri.;  Eb- 
STEIN,  ibid.  XV.,  and  Die  Natur  u.  d.  Behandlung  d.  (?ic/ii  Wiesbaden  1882,  trans, 
by  Scott,  London  1885;  Virchow,  Berl.  klin.  Woch.  1884;  Dickinson,  Renal  and 
urinary  diseasesui.  London  1885;  Ralfe,  Diseases  of  the  kidneys  London  1885. 

On  uratic  infiltration  in  infants: — Virchow,  Oesammelte  Abhandlungen  Frank- 
fort 1856;  SCHLOSSBERGER,  Arch.  f.  physiolog.  Heilk.  IX.  (1850);  B.  ScaULTZE. 
Deutsche  Klinik  1858;  Raphael,  Brit.  Med.  Journ.  1,  1870;  Liman,  Handb.  d. 
gerichtl.  Med.  ii.  (1882), 

According  to  the  researches  of  Cartek  {Urinary  calcidi  London  1873),  Ord 
(Influence  of  colloids  London  1879),  Ebstein  (Congress  f.  innere  Med.  Wiesbaden 
1883)  all  uratic  concretions  contain  a  colloid  or  albuminoid  matrix,  in  which  the 
various  salts  are  deposited  and  by  which  they  are  cemented  together. 

532.  Concretions  of  calcium  phosphate  and  carbonate  deposited  in 
the  kidney  constitute  what  is  called  calcareous  infiltration.  It  occurs 
chiefly  in  aged  persons,  in  whom  resorption  of  the  bony  structures  is 
active;  but  it  may  occur  without  such  resorption.  The  deposits  are  in 
the  form  of  white  grains,  spherules,  and  nodules,  and  lie  for  the   most 


734  THE   UEIJSTAEY    OEGANS. 

part  in  the  looped  tubules  of  the  medullary  zone^  though  some  may  be 
observed  in  the  cortical  tubules  in  the  fibrous  stroma,  and  even  in  the 
glomeruli. 

Calcium  phosphate  may  form  gravel  and  small  calculi  in  the  pelvis 
of  the  kidney;  the  calculi  are  smooth  and  facetted,  and  of  various  de- 
grees of  hardness. 

Calculi  of  calcium  carbonate  are  very  rare;  they  are  brown  or  yellow 
and  hard.  This  salt  however  not  infrequently  forms  a  constituent  of 
other  kinds  of  calculi. 

Oxalic  acid,  whether  ingested  with  the  food  or  formed  from  the 
decomposition  of  uric  acid,  may  be  deposited  in  the  kidney  or  its  pelvis 
as  'dumb-bells'  or  octahedral  crystals  of  calcium  oxalate.  This  occurs 
when  the  amount  of  acid  sodium  phosphate  in  the  urine  is  insufficient 
to  maintain  in  solution  the  quantum  of  oxalic  acid  present.  Within  the 
kidney  the  oxalate  forms  white  deposits.  In  the  pelvis  it  forms  pale  or 
dark  brown  warty  or  spiny  calculi.  Pure  oxalate  calculi  are  very  rare. 
The  salt  more  frequently  occurs  as  a  constituent  of  uratic  calculi. 

Triple-phosphate  of  ammonium  and  magnesium  occurs  as  soft 
crumbly  white  concretions,  seldom  pure,  but  frequently  forming  a  coat- 
ing on  uratic  calculi.  The  deposit  is  produced  chiefly  in  ammoniacal 
decomposition  of  the  urine;  ammonium  carbonate  is  first  formed,  and 
this  precipitates  the  earthy  and  ammonium  phosphates.  The  crystals 
of  the  triple-phosphate  have  usually  the  so-called  'sarcophagus-form,' 
derived  from  a  rectangular  prism  by  cutting  off  the  angles  and  edges. 

In  rare  cases  renal  concretions  and  calculi  are  found  which  consist  of 
cystine,  an  abnormal  constituent  of  the  urine  containing  sulphur  and 
crystallizing  in  hexagonal  plates.  They  have  rounded  corners,  are  soft 
and  wax-colored,  and  show  a  radiate  crystalline  fracture. 

Xanthine  calculi  are  extremely  rare:  they  are  pale  or  dark  brown, 
very  hard,  and  not  unlike  uratic  calculi. 

In  one  case  (Ord,  Trans.  Path.  Boc.  xxix.  1878)  a  concretion  consist- 
ing chiefly  of  intlii^o  has  been  found  in  the  kidney. 

All  the  forms  of  renal  concretion  and  calculus  may  give  rise  to  inflam- 
mation, and  occur  on  one  side  or  on  both.  The  condition  of  a  kidney 
containing  a  calculus  in  its  pelvis  is  frequently  referred  to  as  nephro- 
lithiasis (Art.  553). 

References: — Beneke,  Die  Oxalurie  Gofctingen  1853;  Neubauer  and  VoQEL, 
loc.  cit. ;  Salkowski  andLEUBE,  loc.  cit. ;  A.  Frankel,  Zeitschr.f.  klin.  Med.  li.; 
LiTTEN,  Vlrch.  Arch.  vol.  80;  Roberts,  loc.  cit.;  Wagstaffe,  Trans.  Path.  Soe. 
XIX.  (1868);  Bbale,  fJrmary  deposit  (plates)  London  1883;  Dickinson,  Zoc.  ci^.  ; 
Roberts,  loc.  cit. 

Litten  asserts  that  masses  of  micrococci  within  the  glomeruli  and  tubules 
may  become  calcified.  The  calcareous  deposit  in  the  glomeruli,  tubules,  and 
renal  epithelium  may  be  so  excessive  that  the  function  of  the  kidney  is  gravely 
interfered  with. 
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533.  When  the  glomeruli  and  their  epitheliinn  are  seriously  injured, 
or  the  circulation  through  them  greatly  disturbed,  certain  components 
of  the  blood  may  escape  from  their  vessels  which  normally  are  held  back. 
In  like  manner  substances  may  escape  from  the  intertubular  capillaries 
into  the  tubules.  This  is  most  notably  the  case  with  regard  to  the 
seriini-albumen  of  the  blood,  which  in  morbid  conditions  passes  in 
greater  or  less  amount  into  the  urine  (albuminuria). 

This  albumen  comes  from  the  glomeruli  in  the  soluble  form;  but 
within  the  tubules  it  may  coagulate  and  thus  .give  rise  to  granular  or  . 
homogeneous  casts,  especially  in  the  region  of  the  loops  of  Henle,  but 
often  in  other  parts  also.  These  casts  are  known  as  hyaline  casts 
or  cylinders,  and  there  is  no  doubt  that  they  may  consist  exclusively  of 
transuded  serum-albumen,  though  they  are  also  formed  in  other  ways. 

In  many  affections  of  the  kidney,  especially  those  of  an  inflammatory 
kind,  the  renal  epithelium  degenerates  or  breaks  down  and  desquamates. 
Moreover  we  know  that  from  the  glomeruli  and  tubules  there  escape  not 
only  serum-albumen  but  also  white  blood-cells.  In  many  morbid  affec- 
tions therefore  the  tubules  contain  not  only  soluble  albumen  but  also 
albumen  derived  directly  from  the  protoplasm  of  cells,  and  this  albumen 
like  the  other  may  take  part  in  the  formation  of  tube-casts.  In  the  first 
place,  the  desquamated  epithelial  cells  become  agglutinated  into  casts 
of  the  tubules:  these  have  received  the  name  of  epithelial  casts.  So 
also  the  granular  albuminoid  and  fatty  products  of  their  disintegration 
may  in  like  manner  give  rise  to  fatty  casts.  Again  the  epithelial  cells 
and  leucocytes  or  their  albuminous  detritus  may  become  transformed 
and  fused  into  compact  hyaline  masses,  or  homogeneous  masses  may 
escape  from  the  bodies  of  the  degenerating  cells  and  coalesce  into  homo- 
geneous cylinders.  Finally,  both  epithelial  cells  and  extravasated  leuco- 
cytes dissolve  in  the  albuminous  urine  flowing  through  the  tubules,  and 
in  this  form  play  their  part  in  the  production  of  casts.  The  granular 
casts  derived  from  blood-disintegration  have  already  been  spoken  of 
(Art.  530). 

Tube-casts  may  in  certain  circumstances  be  washed  out  of  the 
tubules,  and  so  escape  from  the  kidney.  The  greater  number  however 
remain  in  situ,  and  are  either  redissolved  or  become  more  firm  and  dense 
so  as  somewhat  to  resemble  wax  (waxy  casts).  These  occasionally  give 
the  reaction  of  the  amyloid  substance. 

In  addition  to  these  casts,  formed  at  least  in  part  from  transuded 
albumen,  we  may  have  homogeneous  cylinders  which  are  purely  epi- 
thelial in  their  origin.  These  have  been  described  in  Art.  525  (Fig.  203) 
as  colloid  casts. 

References  on  the  formation  of  tube-casts: — Bayer,  Arch.  d.  Heilk.  1868;  Axel 
Key,  Schmidt's  Jahrb.  vol.  114(1867);  Burkilvrt,  Die  Hariicylinder  Berlia  1874; 
Axel  Key  and  Langhans,  Virch.  Arch,  vol.76;  Bartels,  Ziemssen's  Ci/d,xv.; 
Weissqerber  and  Perls,  Arch.  f.  exp.  Path.  vi. ;  Finlayson,  Brit.  For.  Med.  Bev. 
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Jan.  1876  (on  tube-casts  without  albuminuria) ;  Rovida,  MoleschoWs  Untersuch. 
XI.;  HUPPERT,  Vij'ch.  Arch.  vol.  59;  Ribbert.  Ceiit,  f.  med.  Wiss.  1879.  Nephri- 
tis u.  Albuminurie  Bonn  1881;  Thomas,  Gerhardt's  Haudb.  d.  Kinderkrankh.  TV.; 
Weigert,  Sammlung  klin.  Vortrdge  162,  163;  Posner,  Cent.  f.  med.  Wiss.  1879, 
Virch.  Arch.  vol.  79;  CoRXiL,  Journ.  de  Vanat.  1879,  Practitioner  xxvin.  (1883) ; 
Saundby,  Birmingham  Med.  Bevieio  Sep.  1833  (with  references);  KxoLT^,  Zeitschr. 
f.  Heilk.  V. 

The  formation  of  casts  from  epithelial  cells  has  been  specially  investigated  by 
LA.NGHANS.  He  showed  that  the  glomerular  epithelium  may  furnish  the  material. 
The  cells  are  shed  into  the  lumen  of  the  capsule,  reach  the  tubule,  and  break  up 
into  granular  masses:  these  presently  become  clear  and  swell  up,  £tnd  coalesce 
into  homogeneous  cylinders. 


CHAPTEE   LXYIII. 


RENAL    DEGENERATION    AND    NECROSIS. 

534.  When  poisonous  or  otherwise  noxious  matters  are  excreted  by 
the  glomerular  and  renal  epithelium,  or  when  the  nutrition  of  the  renal 
tissue  is  impaired  in  consequence  of  changes  in  the  blood  or  in  the  circula- 
tion, degenerative  changes  make  their  appearance  in  the  glomeruli  and 
tubules,  and  these  changes  are  generally  demonstrable  by  careful  micro- 
scopic examination.  The  most  frequent  changes  are — cloudy  swelling, 
necrosis,  and  fatty  degeneration. 


Fig.  205.    Cloudy  swelling  of  the  kenal  epithelium. 
(.Preparation  treated  with  chromic  acid  and  ammonia:     X  800.) 

a,  normal  epithelium  c,  cells  iu  extreme  degeneration 

b,  cloudy"  swelling  commencing  d,  loose  degenerate  epithelium 

Cloudy  swelling.  The  epithelial  cells  (Fig.  205  a)  of  the  convo- 
luted tubules  are  usually  wedge-shaped  or  conical;  by  broadening  of  the 
apex  they  may  become  more  cylindrical,  and  by  expansion  of  the  base 
somewhat  mushroom-shaped.  The  outer  (parietal)  half  of  each  cell  is 
striated  with  radial  rod-shaped  markings,  due  either  to  differentiation  of 
3 
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the  cell-protoplasm  into  two  substances  of  different  refractive  power,  or 
to  splitting  and  fibrillation.  Tlie  inner  (apical)  half  of  the  cell  is  homo- 
geneous or  finely  granular,  and  in  some  cases  terminates  in  a  process  {a), 
which  ends  in  a  free  point  or  flattened  plate,  or  joins  with  other  projec- 
tions, or  simply  lies  over  on  the  apex  of  the  neighboring  cell. 

In  the  ascending  limb  of  Henle's  loops  the  cells  are  similar  in  form 
but  somewhat  shorter;  in  the  descending  limb  the  striated  portion  of  the 
cell  is  contracted  to  a  kind  of  basal  plate.  The  epithelium  of  the  inter- 
calary tubules  and  collecting  tubes  is  unstriated. 

The  condition  known  as  cloudy  swelling  is  accompanied  by  a  slight 
enlargement  of  the  kidney,  the  cortex  assuming  a  turbid  gray  or  grayish- 
red  tint  something  like  the  tint  of  renal  anaemia,  but  less  translucent.  If 
the  interlobular  veins  contain  blood  the  section  appears  streaked  with 
red,  while  the  medulla  is  generally  livid. 

When  the  affection  first  sets  in  the  striated  cells  of  the  cortex  become 
more  markedly  granular  (b).  The  striations  become  less  fine  (Nau- 
werck)  and  then  appear  to  break  up  into  granules.  Then  the  apical 
part  of  the  cell  becomes  granular,  the  whole  cell  swells  up,  and  loses  its 
normal  shape.  The  processes  become  swollen,  and  are  ultimately  effaced. 
The  nucleus  soon  becomes  distended  to  a  clear  vesicle  and  disappears, 
and  the  cell  looks  uniformly  turbid  and  granular  {c  d).  At  this  stage 
the  cells  become  loosened  from  each  other,  and  somewhat  raised  up  from 
their  basal  membrane.  At  length  oil-globules  ma}''  make  their  appear- 
ance in  the  body  of  the  cell,  which  then  breaks  up  and  dissolves.  In  the 
convoluted  tubules  the  first  minute  oil-globules  usually  appear  at  the 
bases  of  the  cells;  in  the  collecting  tubes  they  appear  round  the  nucleus 
(Nauwerck).  This  series  of  changes  is  very  frequently  met  with  in  in- 
fective fevers,  such  as  typhus,  small-pox,  purulent  meningitis,  erysipe- 
las, septicaemia,  diphtheria,  etc.,  and  usually  extends  over  the  greater 
part  of  the  cortex.  If  the  change  has  not  gone  far  the  cells  may  recover; 
but  where  the  associated  dropsical  or  fatty  degeneration  has  taken  place 
the  epithelium  can  only  be  replaced  by  regenerative  multiplication. 

The  glomeruli  and  their  epithelium  usually  show  no  visible  change, 
though  now  and  then  some  of  the  cells  look  swollen,  turbid,  and  granu- 
lar or  powdered.  It  is  also  worthy  of  note  that  in  some  cases  hemor- 
rhage may  occur  from  the  glomeruli,  distending  their  capsules  ami 
tubules  with  blood,  and  giving  rise  to  red  streaks  and  spots  on  the  section 
of  the  cortex.  These  hemorrhages  are  due  either  to  obstruction  of  the 
capillary  circulation  in  the  swollen  parenchyma,  or  to  degeneration  of 
the  glomeruli  themselves.  "When  the  cloudy  change  has  advanced  to 
fatty  degeneration  in  the  tubular  epithelium,  that  of  the  glomeruli  and 
their  capsules  may  also  become  fatty. 

In  the  above  account  of  the  degenerative  changes  affecting  the  renal  epithe- 
lium no  reference  has  been  made  to  the  statements  of  other  authors  on  the  sub- 
ject; the  account  rests  solely  on  the  observations  made  in  Ziegler's  own  labora- 
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tory  in  collaboration  with  Nauwerck.  In  many  memoirs  on  the  subject  no 
mention  is  made  of  the  mode  of  preparation  adopted,  or  liardening-fluids  and 
reagents  have  been  used  which  greatly  alter  the  renal  epithelium.  Alcohol  espe- 
cially is  entirely  inadmissible  in  such  investigations. 

References:— Klebs,  Hanh.  d.  path.  Anat.;  Rindfleisch,  Path.  Histology  u. 
(New  Syd.  Soc.)  London  1873;  Ponfick,  Berl.  klin.  Woch.  1876-77,  Virch.  Arch. 
vol.  88;  BosTROM,  Ueberd.Intox.  durch  d.  essbare  Morchel  Leipzig  1882;  Bartels, 
Ziemssen's  Cyclop,  xv.;  Wagner,  ibid.  (3d  German  edition)  ix.;  Brault,  Joum. 
de  Vanat.  xvi. ;  Eckstein,  Deutsche  med.  Woch.  1882;  Gaucher,  Lancet  1,  1881; 
Jacobi,  OerhardVs  Handb.  d.  Kinderkrankh.  ii. ;  Thomas,  ibid.  iv. ;  Weigert, 
Sammlung  klin.  Vortrdge  162,  163;  Marchand,  Virch.  Arch.  vol.  77;  Lebedefp, 
Htyid.  vol.  91;  P.  Furbringer,  ibid.  vol.  91;  Lassar,  ibid.  vol.  77;  Nauvv^erck, 
Beitrdge  z.  Kenntniss  d.  Morbus  Brightii  Jena  1884. 

535.  Dropsical  (legeneration  of  the  renal  tissue,  and  especially  of 
the  epithelium,  plays  a  great  part  in  the  pathology  of  the  kidney.  The 
glomerular  epithelium  (Fig.  207)  and  that  of  the  convoluted  tubules 


Fig.  206.    Necrosis  op  the  tdbulab  epithelium  in  ICTERUS  GRAVIS. 

(Hardened  in  Mailer's  fluid,  stained  with  gentian-violet,  and  mounted  in  Canada  Balsam: 

X  300.) 

a,  normal  convoluted  tubule  d,  convoluted    tubule    with    epithelium    partly 

b,  ascending  lim.b  of  Hsnle's  loop  sound,  and  partly  necrosed 

c,  convoluted  tubules  with,  necrosed  epithelium    e,  xmaltered  strom^a,  with  blood-vessels 


(Fig.  206)  is  the  most  frequently  affected,  less  frequently  that  of  the 
straight  tubules  and  collecting  tubes.  When  the  degeneration  passes 
into  necrosis  the  tubular  epithelial  cells  become  either  turbid,  or  pale 
arid  homogeneous.  The  dropsical  cells  become  greatly  swollen,  and  clear 
spherules  (so-called  vacuoles)  appear  in  their  protoplasm:  these  are 
presently  extruded  or  set  free  when  the  cell  disintegrates. 

Sometimes  they  coalesce  to  a  frothy-looking  mass.  The  nuclei  of  the 
cells  sooner  or  later  disappear  (Fig.  206  c  d),  often  before  the  form  of  the 
cells  themselves  is  lost.  This  loss  of  the  nucleus  is  due  either  to  a  process 
of  swelling  up  and  solution,  or  to  disintegration  into  fragments.     The 
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necrosed  cells  either  break  up  in  situ,  or  are  first  detached  and  then  dis- 
solve or  disintegrate  (Art.  533).  Sometimes  oil-globules  may  be  seen  in 
the  necrosed  epithelium. 

When  a  portion  of  the  tubular  epithelium  undergoes  necrosis,  simi- 
lar changes  are  usually  to  be  made  out  here  and  there  in  the  glomerular 
epithelium  also.  Sometimes  the  changes  are  very  marked.  The  cells 
swell  up,  are  cast  off  (Fig.  207  e^  e.},  lose  their  nuclei  (e),  and  occasionally 
become  vacuolated  (ej.  Treatment  of  the  sections  with  perosmic  acid 
occasionally  shows  the  necrosed  epithelium  to  be  studded  with  minute 
oil-globules.  Ultimately  the  cells  dissolve  entirely,  or  with  the  exuda- 
tion from  the  glomerular  vessels  form  a  granular  coagulum  {g).  The 
denuded  capillaries  look  pale  and  devoid  of  nuclei  {d)\  they  swell  up  and 
appear  somewhat  thickened.  When  the  necrosis  is  total  all  the  nuclei 
disappear. 


Fig.  207.    Necrosis  op  glomerular  epithelium  and  exudation  dtto  the  capsule  of  Bowman  in 

ICTERUS  GRAVIS. 

(Hardened  in  Muller''s  fluid,-  stained  with  gentian-violet,  and  mounted  in  Canada  Balsam: 

X  300.) 


a,  normal  capillary  loop 
6,  capsule  of  Bowman 

c,  capsular  epithelium 

d,  loop  denuded  of  epithelium 


e  Ci  Cj  63,  shed  and  degenerate  glomerular  epithe- 
lium 
/,  exudation  between  the  epithehal  cells 
g,  granular  exudation  and  shed  cells 


The  capsular  epithelium  undergoes  necrosis  much  less  frequently 
than  that  of  the  glomerulus,  but  cases  occur  in  which  it  entirely  per- 
ishes. 

Necrosis  of  the  renal  epithelium  appears  as  a  primary  affection  chiefly 
in  cases  where  the  blood-supply  of  a  region  of  the  kidney  is  for  a  tirne 
interrupted,  and  when  poisonous  matters  are  excreted  through  it.  Bile, 
cantharides,  chromates,  potassium  chlorate,  have  this  effect,  which  is 
also  met  with  in  various  infective  diseases,  such  as  diphtheria,  septice- 
mia, pyaemia,  acute  yellow  atrophy  of  the  liver,  etc.     It  may  be  confined 
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to  a  few  small  parts,  or  be  spread  over  a  number  of  patches  of  consider- 
able extent. 

The  cells  of  the  vascular  connective  tissue  are  much  less  often  af- 
fected by  necrosis  than  the  epithelial  cells.  Nauwerck  makes  out  that 
this  happens  most  frequently  in  the  case  of  the  endothelium  of  the  cap- 
illaries and  venules,  the  cells  of  which  are  shed  and  transformed  into 
pale  homogeneous  or  finely  granular  masses,  sometimes  studded  with  mi- 
nute spherules,  and  rounded,  elongated,  and  sausage-like  in  shape.  This 
change  is  not  however  confined  to  the  kidney,  but  appears  simulta- 
neously in  the  vessels  of  other  organs.  ]S"ecrosis  of  the  renal  connective 
tissue  is  most  common  after  long-persistent  anaemia,  in  septic  nephritis, 
and  in  cases  of  uratic  deposit.  The  latter  occurs  in  gout;  indeed  the 
formation  of  homogeneous  necrotic  patches  beset  with  uratic  crystals  or 
granules  has  been  held  (Ebstein)  to  be  the  diagnostic  mark  of  the 
gouty  kidney. 

Necrosis  of  the  renal  structures  may  also  occur  idiopathically,  as  it  is 
called.  If  the  loss  of  tissue  be  not  great  and  confined  to  the  epithelium, 
repair  by  regeneration  is  possible.  Greater  losses,  or  losses  involving  the 
connective  tissue,  result  in  permanent  atrophy  of  the  parts  concerned 
(Arts.  527,  528).  Calcareous  salts  are  occasionally  deposited  in  the  ne- 
crotic patches,  but  this  is  rare. 

The  presence  of  necrotic  tissue  may  induce  inflammation  in  the  con- 
tiguous tissue.  In  other  and  not  infrequent  cases  the  inflammation  ac- 
companies or  even  precedes  the  necrosis;  the  poison  or  other  agent  which 
causes  necrosis  in  one  part,  acting  as  an  irritant  in  another.  This  is  ex- 
emplified in  many  bacterial  affections  of  the  kidney.  Necrosis  of  the 
glomerular  epithelium  is  always  followed  by  transudation  of  albumen 
(Fig.  2011  g),  which  coagulates  when  the  section  is  treated  with  various 
reagents,  and  sometimes  also  during  life  (Art.  533). 

According  to  Frerichs  diabetes  is  always  associated  with  a  "^gly oog- 
enous degeneration '  of  the  epithelium  of  Henle's  loops,  the  cells  swelling 
up  and  becoming  hyaline.  When  treated  with  iodine  brown-stained 
spherules  and  specks  become  visible  in  the  protoplasm  of  the  cells. 

References: — Weigert,  Virch.  Arch.  vol.  73;  Lassar,  ibid.  vol.  77;  Marchand, 
ibid.;  Schachowa,  Untersuch.  ub.  d.  Nieren  Berne  1876;  Corxil,  Gaz.  med.  de 
Paris  18,1879  and  Journ.  de  I'anat.  1879;  Fraxkel,  Zeitschr.  f.  Min.  Med.ii.; 
LiTTEN,  ibid.  IV.;  KoHX,  Berl.  Min.  Woch.  1882;  Ebstein,  Die  Natur  u.  Beliand- 
lung  d.  Gicht  Wiesbaden  1882,  Deut.  Arch.  f.  Min.  Med.  xxviii. ;  Windle,  Dublin 
Journ.  med.  sci.  1883;  Frerichs,  Zeitschr.  f.  Min.  Med.  vi.  (1883),  Ueber  den  Dia- 
betes Berlin  1884;  Lebedeff,  Virch.  Arch.  vol.  91;  Eliaschopf,  ji&icZ.  vol.  94; 
AuPRECiiT,  Pathol.  Mittheil.  n.  (1883);  Nauvverck,  Deutsche  med.  Woch.  1884; 
Discussion,  Trans.  Path.  Sac.  xxxiv.  1883;  Inglessis,  Le  rein  dans  le  diabete 
Paris  1886. 

536.  Fatty  degeneration  of  the  kidney  occurs  under  various  con- 
ditions, and  affects  chiefly  the  epithelial  structures. 
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In  the  first  place,  cloudy  swelling  (Art.  534)  may  issue  in  fatty 
change  ;  or  the  latter  may  be  associated  with  epithelial  necrosis  (Art. 
535).  Fatty  change  however  is  frequently  met  with  as  an  independent 
affection,  especially  in  chronic  anaemia  or  engorgement,  in  many  forms 
of  poisoning  (as  with  phosphorus  or  arsenic),  and  in  infective  diseases 
such  as  scarlatina,  yellow  fever,  typhus,  small-pox,  etc.  It  may  affect 
not  only  the  tubular  but  also  the  glomerular  and  capsular  epithelium, 
and  is  characterized  by  the  formation  within  the  cells  of  droplets  of  oil 
of  various  sizes  (Art.  544,  Fig.  213).  When  the  degeneration  is  extreme 
the  cells  may  become  entirely  disintegrated. 

Slight  fatty  change  is  not  perceptible  to  the  unaided  eye,  especially 
when  the  vessels  are  full  of  blood,  as  in  renal  engorgement.  Where  the 
change  is  more  marked  the  parenchyma  assumes  a  grayish-white^  white, 
or  yellow  tint. 

In  phosphorus-poisoning  and  in  yellow  fever  the  fatty  degeneration 
may  reach  an  extreme  degree  without  other  textural  change.  And  in 
like  manner  we  may  have  extreme  fatty  change  uncomplicated  with 
other  conditions,  the  cause  of  which  is  as  yet  unrecognized.  This  is 
however  rare,  inasmuch  as  sooner  or  later  inflammation  is  sure  to  be  set 
up.  A  kidney  which  is  uniformly  of  an  opaque  white  through  fatty  trans- 
formation (white  or  fatty  kidney)  is  always  either  inflamed  or  amyloid 
in  some  degree. 

The  inflammatory  condition  is  in  many  cases  secondary  to  the  fatty 
change  (as  in  anemia,  phosphorus  poisoning,  and  yellow  fever).  .  In 
other  cases  it  is  antecedent  or  concomitant;  so  that  the  jd recess  is  through- 
out inflammatory,  and  the  fatty  change  is  to  be  regarded  as  an  accom- 
paniment or  result  of  the  inflammation  (Art.  544). 

Fatty  change  may  issue  in  complete  recovery  if  the  initiating  cause 
be  checked  or  removed,  the  lost  epithelium  being  replaced  by  regenera- 
tive multiplication  of  the  uninjured  cells.  This  is  especially  true  of 
non-inflammatory  change,  inflammatory  conditions  leading  in  general 
to  destruction  or  atrophy  of  the  tissues.  It  is  of  course  immaterial 
whether  the  inflammation  is  primary  or  secondary. 

Degeneration  of  the  vascular  connective  tissue  occurs  to  a  serious 
extent  only  in  cases  where  there  is  simultaneously  a  wide-spread  degenera- 
tion of  the  epithelial  structures  ;  it  is  most  marked  in  the  inflammatory 
varieties.  The  capillaries  are  in  general  the  most  affected,  their  endo- 
thelium at  times  appearing  crammed  with  oil-globules. 

In  the  fibrous  structures  the  connective-tissue  cells  are  the  parts 
which  become  fatty.  The  droplets  of  oil  met  with  in  the  meshes  of  the 
tissue  are  for  the  most  part  derived  by  absorption  from  the  affected 
tubules. 

References  : — Bartels,  loc.  sit. ;  Weigert,  loc.  eit. ;  Cornil  and  Brault, 
Journ.  de  I'anat. ;  xviii.  (1883),  Practitioner  xxxn.  (1882)  ;  Charcot,  Legons  sur 
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les  maladies  du  foie  et  des  reins  Paris  1877  ;  Johnson,  Med.  chiv.  Trans,  xui. 
(1853) ;  Whipham  and  others,  Trans.  Path.  Soe.  x.,  xiii.,  xix.;  Rickards,  Brit. 
Med.  Journ.  2,  1883. 

537.  Amyloid  degeneration  of  the  kidney  often  appears  in  what  is 
known  as  the  "  large  white  kidney  ;"  it  may  however  in  other  cases 
present  an  appearance  that  has  little  in  common  with  this  form. 

Slight  degrees  of  the  affection  frequently  give  rise  to  no  character- 
istic change.  The  cortex  may  be  more  or  less  red  according  to  the  quan- 
tity of  blood  it  contains  ;  but  it  is  usually  paler  and  softer  than  in  health, 
and  somewhat  yellow.  If  the  change  is  greater  the  cortex  is  generally 
pale  and  anaBmic,  with  a  grayish  or  yellowish  tint,  and  more  or  less 
swollen.  The  color  is  also  rather  spotty,  numerous  small  white  opaque 
patches  being  sprinkled  over  a  grayish-white  translucent  ground.  The 
interlobular  veins,  if  distended  with  blood,  may  cause  the  cortex  to  be 
streaked  with  red.  The  glomeruli  are  seen  as  pale  or  reddened  nodules, 
occasionally  somewhat  translucent.  The  medullary  zone  is  usually 
streaked  with  red,  but  it  is  not  infrequently  pale.  The  surface  of  the 
kidney  is  smooth,  or  here  and  there  slightly  granular  and  shrunken. 

In  a  third  variety,  where  the  amyloid  change  has  reached  its  high- 
est intensity,  the  kidney  is  also  pale  and  spotted  with  white  or  yellow, 
but  its  consistence  is  much  denser  and  firmer  than  in  the  second  variety. 
On  section  a  number  of  semi-translucent  patches  and  streaks  appear, 
looking  like  bits  of  boiled  bacon,  and  scattered  through  the  medulla 
as  well  as  the  cortex.  In  extreme  cases  these  may  coalesce  into  continu- 
ous areas.  Between  the  soft  and  the  hard  (or  lardaceous)  amyloid  kid- 
ney there  are  of  course  many  transitional  forms. 

The  white  patches  are  due  to  fatty  degeneration,  which  always  ac- 
companies the  amyloid  change,  but  varies  much  in  its  extent. 

Simple  amyloid  change  gives  the  renal  tissue  the  semi-translucent 
lardaceous  aspect,  which  is  well  seen  in  the  larger  continuous  patches. 
It  affects  first  of  all  the  glomerular  capillaries,  whose  walls  become 
thickened  and  homogeneous  (Fig.  208  b).  At  first  the  altered  patches 
are  scattered  irregularly,  but  soon  they  coalesce  so  that  at  length  the 
entire  glomerulus  is  transformed  into  an  aggregation  of  homogeneous 
flakes  or  blocks.  When  the  degeneration  is  complete  the  vessels  become 
impermeable. 

After  the  glomeruli  the  parts  most  affected  are  the  walls  of  the  vasa 
afferentia  (i)  and  interlobular  arteries,  and  those  of  the  vessels  of  the 
medullary  zone.  Lastly  the  change  may  extend  over  the  greater  part  of 
the  venous  and  capillary  system  of  the  cortex,  and  even  attack  the 
membrana  propria  of  the  urinary  tubules.  These  parts  all  become 
thickened,  homogeneous,  and  translucent,  and  yield  the  familiar  amy- 
loid reactions. 

The  whole  of  the  epithelial  elements  of  the  kidney — tubular,  glom- 
erular, and  capsular — may  simultaneously   become  more   or  less  fatty 
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{d  ef).  The  extension  of  the  fatty  change  is  not  proportionate  to  that 
of  the  amyloid  change:  it  may  be  extreme  when  the  latter  is  slight,  and 
inversely. 

The  convoluted  tubules  are  frequently  the  most  affected.  Their 
epithelium  is  not  only  fatty,  but  loosened  and  disintegrated  (/). 
When  this  change  is  marked,  and  some  of  the  glomeruli  become  at  the 
same  time  impermeable,  small  patches  of  the  renal  parenchyma  may 
atrophy  and  disappear,  and  so  give  rise  to  contractions.  If  these  lie 
near  the  surfa,ce  they  appear  as  small  cicatricial  depressions. 

The  loose  epithelial  cells  naturally  fall  into  the  lumen  of  the  tubules, 
and  may  there  form  cylindrical  masses  of  fatty  cells  or  fatty  detritus. 
Others   of  the   tubules  contain  hyaline   cylinders,   which  are  soft  and 


e  Ji, 

Fig.  208.    Amyloid  kidney  with  fatty  degeneration. 
{Treated  with  Midler's  fluid  and  perosmic  acid :    X  300.) 

a,    normal  capillary  loop  g,    hyaline  tube-casts 

6,    amyloid  capillary  loop  h, 

c,  fatty  glomerular  epithelium  i, 
Ci,  fatty  capsular  epithelium'  &, 

d,  oU-globules  lying  on  the  capillaries  I, 
<e,    fatty  epithelium  in  situ  m, 
/,     loosened  fatty  epithehum 


fatty  tube -cast 

amyloid  arteriole 

amyloid  capiUary 

cellular  infiltration  of  the  connective  tissue 

round-ceUs  within  a  urinary  tubule 


transparent,  or  firm  and  waxy.  The  firmer  kinds  stain  with  iodine  a 
somewhat  deeper  brown  than  the  surrounding  structures,  but  do  not 
usually  give  the  typical  amyloid  reactions. 

In  the  meshes  of  the  intertubular  connective  tissue  we  frequently 
find  cellular  infiltrations  ( / ),  a  sign  that  a  certain  amount  of  inflamma- 
tion accompanies  the  other  changes.  Sometimes  too  there  is  a  certain 
amount  of  fibrous  hyperplasia  and  induration. 
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We  have  already  discussed  (Arts.  57-62)  the  aetiology  and  the  signifi- 
cance of  the  amyloid  degeneration.  As  to  the  fatty  degeneration  which 
accompanies  the  amyloid  change  in  the  kidney  we  must  assume  that  it 
is  mainly  the  effect  of  the  same  agencies  as  the  latter,  though  no  doubt 
the  disturbances  of  the  circulation  occasioned  by  the  amyloid  deposits 
have  something  to  do  with  it.  The  accompanying  inflammatory  changes 
too  are  probably  a  third  effect  of  the  same  causes.  In  support  of  this 
view  it  is  to  be  noted  that  now  and  then  (Nauwerck)  the  presence  of 
bacteria  in  the  vessels  of  the  amyloid  kidney  can  be  demonstrated. 

Reference's: — Arts.  61,  62;  Fehr,  Die  amyloide  Degeneration  Berne  1867; 
Grainger  Stewart,  BrighVs  diseases  Edinburgh  1871;  Litten,  Berl.  klin.  Woch. 
1878  ;  Med.  Times  and  Gaz.  2,  1878 ;  Dickinson,  Disea>ies  of  the  kidney  ii.  London 
1877;  Strauss,  Soc.  med.  des  hdpitaux  1881;  Cornil,  Practitioner  xxxii.  (1882), 
Pathologic  du  rein  Paris  1884. 


CHAPTER    LXIX. 

HEMATOGENOUS    NEPHRITIS. 

538.  The  term  haemato^enous  nephritis  includes  all  the  inflam- 
matory affections  of  the  kidney  the  exciting  cause  of  which  reaches  the 
organ  by  way  of  the  circulation. 

The  anatomical  condition  for  the  existence  of  nephritis  is  the  pres- 
ence of  an  inflammatory  alteration  of  the  blood-vessels.  As  this  is  inca- 
pable of  direct  demonstration  the  evidence  of  it  appears  in  the  presence 
of  an  inflammatory  exudation. 

In  glandular  organs  an  inflammatory  exudation  lodges  either  in  the 
connective-tissue  stroma,  or  in  the  lumen  of  the  acini  and  ducts;  iu  the 
latter  case  it  mingles  with  the  specific  glandular  secretion,  whose  com- 
position is  thereby  altered. 

The  kidney  is  no  exception  to  the  rule.  But  the  determination  of 
many  points  in  connection  with  renal  inflammation  is  rendered  difficult 
by  the  fact — that  the  kidney  normally  contains  a  large  quantity  of 
liquid  transuded  from  the  blood-vessels,  and  thus  inflammatory  exuda- 
tions entering  the  tubular  system  are  frequently  not  at  once  distinguish- 
able from  non-inflammatory  transudations. 

Our  decision  as  to  whether  for  example  the  contents  of  a  Bowman's 
capsule  or  a  uriniferous  tubule  are  inflammatory  or  not  depends  on  their 
composition.  Inflammatory  exudations  are  always  highly  albuminous; 
they  usually  contain  blood-cells,  and  often  fibrinous  coagula.  The 
altered  secretion  of  an  inflamed  kidney  also  contains  albumen,  and  gen- 
erally blood-cells  and  coagula.  If  then  we  are  sometimes  in  doubt  as  to 
the  nature  of  a  given  renal  affection  it  is  owing  to  the  fact  that  a  simple 
degeneration  of  the  glomerular  or  tubular  epithelium,  or  a  transitory 
disturbance  of  the  circulation,  may  occasion  the  escape  of  albumen  from 
the  blood  into  the  urine.  If  other  decisive  marks  are  absent  we  may  fall 
back  on  this — that  the  quantity  of  albumen  in  the  urine  in  inflammatory 
affections  of  the  renal  vessels  is  greater  than  in  simple  degeneration  or 
hypergemia.  But  after  all  is  said  it  must  be  granted  that  it  is  impossi- 
ble to  draw  an  absolutely  sharp  line  between  renal  inflammations  and 
renal  degenerations. 

539.  Clinical  authorities  describe  three  chief  types  of  nephritis. 
The  first  is  acute  nephritis,  distinguished  by  diminution  in  the 
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quantity  of  urine,  wliich  is  i^f  lii<:h  sj^ociOc  gravity,  contains  much  albu- 
men, is  of  acid  reaction,  and  is  dark  or  occasionally  smoky  or  blood- 
stained in  color.  The  sediment  contains  white  blood-cells,  and  when 
the  urine  is  smoky  or  bloody  red  blood-ccdis,  also  tube-casts  which  are 
hyaline  or  occasionally  granular  and  niin,^led  witli  red  blood-ceils  or 
their  detritus,  epithelial  cells  from  the  collecting  tubes,  turbid  swollen 
and  broken-down  cells  from  the  convoluted  tubules,  and  sometimes  con- 
cavo-convex epithelium  from  the  glomeruli. 

Scarlatina,  diphtheria,  croupous  pneumonia,  relapsing  fever,  septi- 
caemia, jiytximia,  typhoid,  endocarditis,  and  articular  rheumatism  are 
frequent  causes  or  concomitants  of  acute  nephritis,  though  it  also  arises 
idiopathically.  Anasarca  is  usually  present,  but  not  always,  especially 
in  the  secondary  varieties. 

The  usual  issue  of  the  affection  is  in  recovery,  though  death  may 
occur  from  urjemia.  Only  in  rare  instances  does  it  pass  into  chronic 
indurative  nephritis  with  hypertrophy  of  the  heart  and  polyuria.  More 
rarely  still  does  it  lead  to  chronic  parenchymatous  nephritis,  arfd  tiiough 
many  cases  are  of  long  duration  the  process  does  not  usually  end  in  a 
fatal  clironic  disease,  but  in  ultimate  recovery. 

The  clinical  term  acute  nephritis  includes  a  number  of  anatomically 
distinct  types  of  renal  inflammation.  There  is  in  almost  all  cases  some 
disorder  of  the  glomeruli,  and  this  may  by  itself  give  rise  to  all  the 
symptoms  of  acute  nephritis;  but  in  many  cases  the  uriniferous  tubules 
or  the  intertubular  stroma  or  both  are  also  affected,  and  these  changes 
give  rise  to  corresponding  peculiarities  in  the  anatomical  aspect  of  the 
disease. 

The  second  form  recognized  by  physicians  is  chronic  parenchyma- 
tous nephritis.  Its  characters  are  these: — onset  insidious  or  subacute, 
and  invariably  accompanied  by  anasarca,  which  may  be  the  first  symp- 
tom attracting  the  patient's  notice  to  his  condition;  urine  highly  albu- 
minous, slightly  diminished  in  quantity,  of  a  turbid  yellow  tint,  of 
increased  specific  gravity,  and  usually  free  from  blood,  though  hasmor- 
rhagic  varieties  occur;  in  the  sediment  numerous  tube-casts  of  various 
sizes,  white  blood-cells,  fatty  epithelial  cells,  granular  and  fatty  detritus, 
and  fat-gi'anule  cells.  Red  blood-cells  are  usually  few  or  absent,  being 
abundant  only  in  the  hjEmorrhagic  forms. 

Eecovery  is  rare.  As  a  rule  after  the  disease  has  lasted  for  months 
or  years  death  ensues  from  increasing  dropsy,  cerebral  oedema,  pleurisy, 
pericarditis,  uremia,  or  other  cause.  Sometimes  however  the  aspect 
of  the  case  changes:  cardiac  hypertrophy  and  rise  of  the  arterial  blood- 
pressure  cause  the  flow  of  urine  to  increase,  its  specific  gravity  and  pro- 
portion of  albumen  diminish,  the  dropsy  disappears,  and  the  case  pre- 
sents the  features  of  renal  cirrhosis. 

The  third  form  is  renal  cirrhosis  or  Indurative  nephritis.  It  is 
characterized  by  the  following  features: — increased  flow  of  pale  slightly 
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albuminous  urine  of  low  specific  gravity;  sediment  containing  few 
formed  elements,  pale  hyaline  casts,  white  blood-cells,  and  occasionally 
a  few  red  blood-cells;  anasarca  absent;  the  heart  hypertrophied;  the 
fundus  of  the  eye  affected  by  a  special  form  of  neuro-retinitis.  The 
onset  is  usually  very  gradual,  and  the  first  symptoms  of  the  malady  are 
disorders  of  digestion  or  of  vision,  palpitation,  cardiac  distress,  etc. 
After  a  duration  of  years  death  ensues  from  such  causes  as  cardiac 
failure,  dropsy,  cerebral  hemorrhage,  uraemia,  purulent  inflammations 
of  serous  membranes,  etc. 

"Rarely  are  the  essential  symptoms  of  renal  cirrhosis  presented  by  a 
case  commencing  as  an  acute  nephritis;  such  cases  when  they  occur  are 
usually  marked  by  their  rapid  course. 

Chronic  parenchymatous  nephritis  is  characterized  anatomically  by 
great  degeneration  of  the  renal  epithelium:  renal  cirrhosis  by  marked 
changes  in  the  connective  tissue  of  the  vascular  system.  The  two  forms 
are  thus  distinguishable  anatomically  as  well  as  clinically,  and  the  patho- 
logical anatomist  may  therefore  accept  the  clinical  classification.  It  is 
however  to  be  kept  in  mind  that  the  two  forms  are  by  no  means  anti- 
thetic; the  distinction  is  rather  one  of  degree  than  of  kind.  In  the 
former  affection  the  connective-tissue  elements  undergo  some  morbid 
change,  in  the  latter  there  is  always  some  epithelial  degeneration. 
There  are  in  fact  numerous  intermediate  and  transitional  forms  partak- 
ing of  the  characters  of  both. 

The  attempt  has  often  been  made  to  interpret  the  several  forms  of 
nephritis  as  stages  of  a  single  morbid  process.  But  apart  from  the  fact 
that  acute  nephritis  does  not  usually  pass  into  any  of  the  chronic  forms, 
there  is  this  insuperable  objection — that  a  given  condition  of  the  kidney  in 
chronic  nephritis  may  have  been  arrived  at  in  several  very  different  ways. 
There  is  no  doubt  at  least  that  the  mode  of  beginning  of  the  disease 
differs  in  different  cases.  There  is  as  little  ground  for  the  view  that  all 
forms  of  nephritis  begin  with  glomerular  changes,  as  that  they  all  begin 
with  epithelial  degeneration  or  interstitial  infiltration.  And  if  the  mode 
of  beginning  varies  so  also  does  the  further  course  of  the  disease;  we  are 
in  fact  unable  to  say  of  a  given  advanced  renal  affection  either  how  it 
began  or  what  stages  it  has  passed  through.  We  can  in  general  as  little 
forecast  how  a  given  acute  inflammation  of  the  kidney  would  have  ter- 
minated had  the  patient  lived.  We  must  therefore  content  ourselves 
with  describing  as  accurately  as  possible  the  several  forms  that  offer 
themselves  for  examination,  and  suggesting  the  possible  ways  in  which 
these  forms  may  have  arisen. 

The  modern  investigations  of  the  affections  included  under  the  term  nephritis 
begin  with  the  observation  of  Bright  (Report  of  medical  cases  selected  loith  a 
view  of  illustrating  the  symptoms  and  cure  of  diseases  by  a  reference  to  morbid 
anatomy  i.  London  1827)  that  certain  case3  of  dropsy  depended  on  disease  of 
the  kidney,  and  were  distinguished  by  albuminous  urine.     Bright  himself  de- 
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scribed  various  forms  of  renal  disease  leading  to  albuminuria.  These  affections 
have  since  been  included  under  the  term  Bright's  disease  (Morbug  Brightii); 
but  the  term  has  been  variously  applied  by  various  authors — some  including 
under  it  all  renal  affections  associated  with  albuminuria,  others  excluding  the 
simple  degenerations  and  disorders  of  circulation  and  including  only  the  inflam- 
matory affections. 

ROKITANSKY  (Haiidb.  d.  path.  Anat.  n.  1842)  distinguished  eight  forms. 
Frerichs  {Die  Bright' sdie  Nierenkrankheit  Brunswick  1S51;  regarded  the  differ- 
ent forms  merely  as  different  stages  of  one  and  the  same  process.  This  pro- 
cess, he  held,  began  with  hypersemia,  passed  on  to  exudation  and  parenchy- 
matous degeneration,  and  ultimately  issued  in  atrophy  and  contraction. 

Tlie  works  of  Bright  and  Frerichs  have  given  rise  to  a  vast  number  of 
memoirs  of   which  the  following  may  be  particularly  mentioned: — Christisox, 
On  granular  degeneration  of  tlie  kidnies  Edinburgh  1839;    Rater,  Traite  des 
maladies  des  reins  Paris  1840;  Wiles,  Cases  of  Bright's  disease.  Guy's  Hosp.  Re- 
ports vni.  (1853;;  Yirchow,  Virch.  Arch.  vol.  4;  Johksos.  Diseases  of  the  kid- 
ney London  1852;  Lectures  on  Bright's  disease  London  1873;   Guxl  and  SuiTOX, 
iled.  chir.  Trails,  iv.  (1872);   Beer,  Die  Bindesubstanz  d.  menschh  Xiere  Berlin 
1859;  FoRSTER,  Band.  d.  path.  Anat.  1863:   DiCKixsox,  Med.  chir.  Trans.  XLm., 
XLiv.  (1S60-61),  Pathology  of  AlbuminvLria  London  1868,   Renal  and    urinary 
affections  London  1877-85;  Traube,  Gesamm.  Abliandl.  n.  (1871;;  BIlebs,  Handb. 
d.  path.  Anat.  Berlin  1870;    Graixger  Stewart,  Bright's  diseases  of  tlve  kidney 
Edinburgh  1871;    Rixdfleisch.   Path.  Hist.  n.   (New  Syd.    Soc.)  London  1873, 
Bartels,   Ziemssen's  Cyclop,   xv.;    EIelsch,  Arch,  de  physvol.  1874;   Galabix, 
BrighVs  disease  and  changes  in  the  vascular  system  London  1874;    ^Iahom;ed, 
J/td.  chir.  Trans.  Lvn.  (1874),  Lancet  1,  1879;  Corxil  and  Raxtier,  Man.  Path. 
Hist.   II.   London  1886;    Lecorche,  Traite  des  rnaladies  des  reins  Paris  1875; 
Charcot,  Lecons  sur  les  maladies  dufoie  et  des  Reins  Paris  1877;    Bchl.  Mitth. 
a.  d.  path.  List,  zu  MUnchen  Stuttgart  1878:    Aefrecht,  Die  diffuse  Xephritis 
Berlin  1S79.  Cent.  f.  med.  TViss.  47,  1882  and  Deutsch.  Arch.  f.  klin.  Med.  xxxn.; 
Weigert.  Sammlung  klin.  Vortrdge  162,  163  (1879);  Eibbert,  Xephritis  u.  Albu- 
minuric Bonn  1881;    Hortol±s,  Etude  du  processus  histologique  des  nephrites 
Pai-islSSl;  Bamberger,   Sammlung  klin.  rorfmje  173(1879);  Wagner,  Dew ^sc/j. 
Arch.  f.  klin.  Med.  xxv.,  xxvn.,   xx  win  ,  Ziemsseirs  Handbuch  (3d  German 
edition)  ix.  Leipzig  1882;    Rosensteix,  Path.  u.   Tlierap.  d.  Xierenkrankh.  1870; 
FiscHL  and  ScHUTZ,  Pi^ag.  Zeitschr.  f.  Heilk.  m.  (1882):  Letzerich,  Virch.  Arch. 
vol.  55;   LA^'GHA^'S,  ibid.  vol.  76;    Thojia,  ibid.  vol.  71;  Senator,  ibid.  vol.    73; 
Grawitz  and  Israel,  ibid.  vol.  73;  Posner.  ibid.  vol.  79;  Sajmuel.  ibid.  vol.  73; 
Ewald,  ibid.  vol.    71;    Platen,  ibid.  vol.  71;    Ebekth,  Zur  Eenntaiss  bacter- 
ilycosen  lieipzlg  1872;   HoFiiEiER,  Zeit.  f.   Geburtshilfe  m.;  Ziegler,  Deutsch. 
Arch.  f.  klin.  Med.  ssx.;  Litten,    Charite-Annaleniv.,  Berl.  klin.  Woch.  1S73; 
Weissgerber  and  Perls,  Arch.  f.  exp.  Path.  n. ;   Lancereaux,  Diet,  encyc. 
Paris  1881;    Leyden,  Zeitschr.  f.  klin.   Med.  m..;    Discussion,  Trans,    internat. 
med.  congress  ii.  London  1881;  Discussion,  Congress  f.  innere  Me.dicin  Wiesbaden 
1882;   Friedlander,  Arch.  f.  Anat.  u.   Physiol.    1881,  Fortschritte  d.   Med.  i. 
(1S88);  Brault,  Des  formes  anatomo-path.  du  mal  de  Bright,  Arch,  generates  de 
med.  1882:  Cornil  and  Brault,  Journ.  de  Vanat.  six.  (1883),  Practitioner  xxvn., 
xxvm.,  xxxn.  (1881-84):  Dunin.  Virch.  Arch.  vol.  93:  Fischl,  Beitrdge  z.  Histol. 
d.  Scliarlachniere,  Zeitschr.  f.  Heilk.  rr.;  Discussion  on  Albuminuria,    Glasg. 
Med.  Journ.  1884;  Biermer,  Breslau  arztl.  Zeitschr.  1,  18S2;   SEiniOLA,  P^vue 
medicate  frangaise     1833;    Xauwerck,    Beitrdge    zur    Kenntniss    des    Morbus 
Brightii  Jena  1884  (with  a  critical  account  of  various  theorie.-!);    Senator,  Albu- 
minuria  in  health  and  disease  (New  Syd.  Soc.)  London  1884;    Roberts,  Urinary 
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and  renal  diseases  London  1885;  Holsti,  D.  Arch.  f.  Min.  Med.  xxxviii.  (1885) 
Saundby  and  Greenfield,  Trans.  Path.  Soc.  xxxi. 

Klebs  excludes  the  non-inflammatory  renal  degenerations  from  the  category 
of  Bright's  disease,  and   identifies  the  latter  with  primary  interstitial  nephritis; 
the  associated  changes  in  the  epithelium  he  regards  as  secondary.     Johnson  re- 
gards the  presence  or  absence  of  epithelial  degeneration  and  desquamation  as  an 
essential  feature,  and  treats  of  nephritis  as  desquamative  or  non-desquamative, 
each  form  having  its  subordinate   varieties.      Grainger  Stevstart  speaks  of 
'Bright's  diseases,'  and  distinguishes  three  forms — the  inflammatory  form,  the 
amyloid  form,  and  the  cirrhotic  or  contracting  form.     Of  the  flrst  he  describes 
three  stages— that  of  inflammatory  exudation,  of  fatty  change,  and  of  atrophy. 
ViRCHOW  {Cellular  Pathology  London  1860)  also  distinguishes  three  forms — paren- 
chymatous  nephritis,  indurative  interstitial  nephritis,  and  amyloid  degeneration 
Bartels  divides  Bright's  disease  into— acute  parenchymatous,  chronic  parenchy- 
matous, and  interstitial  nephritis.  LECORCrtE  distinguishes  only  a  parenchymatous 
and  an  interstitial  form.     Charcot  on  grounds  partly  clinical,  partly  anatomical, 
makes  three— the  first  characterized  clinically  by  its  rapid  course,  scanty  urine 
with  abundant  albumen,  and  dropsy,  and  anatomically  by  its  large  white  kidney; 
the  second  by  its  chronic  course,  abundant  urine  with  little  albumen,  absent  or  slight 
dropsy,  and  contracted  kidney;  the  third  form  is  the  amyloid  degeneration.  Wei- 
GERT  divides  Bright's  disease  into  parenchymatous  degenerations  and  true  nephritis; 
the  former  are  all  acute  affections;  the  chronic  forms  are  but  modifications  of  one 
andfthe  same  process:  he  deems  it  impossible  to  distinguish  interstitial  from 
parenchymatous  forms,  inasmuch  as  all  forms  begin  with  degeneration  and  loss 
of  epithelium,  and  then  pass  into  the  stage  of  reactive  interstitial  inflammation- 
Dickinson  makes  three  classes — tubal  nephritis  (acute  and  chronic),  granular  de- 
generation with  hyperplasia  and  contraction  of  tlie  stroma,  and  depurative  dis- 
ease (or  amyloid  degeneration).     Aufrecht  speaks  of  an  acute,  a  subacute,  and  a 
chronic  nephritis,  and  maintains  that  the  primary  change  is  an  affection  of  the 
tubular  epithelium,  the  vessels  and  the  fibrous  structures  being  affected  secon- 
darily: he  describes  amyloid   disease  as   a  nephritis.     Wagner  considers  that 
Bright's  disease  is  a  clinical  term,  implying  a  disease  in  which  the  urine  exhibits 
certain  morbid  changes:  he  treats  it  under  the  four  heads  of  (1)  acute  Bright's 
disease,  (3)  chronic  Bright's  disease,  (3)  contracted   kidney,  (4)  amyloid  kidney. 
Leyden  defines  the  term  Bright's  disease  from  the  clinical  or  physiological  point 
of  view  (Congress  f.  innere  Med.  Wiesbaden  1882)  as  an  affection  characterized  by 
albuminuria  and  dropsy,  including  in  the  term  renal  degenerations,  pyelonephritis, 
amyloid  change,  etc.     Rosenstein  {ibidem)  thinks  on  the  other  hand  that  the 
term  must  be  defined  according  not  to  clinical  but  to  pathological  and  anatomical 
characters.     Cornil  uses  the  term  albuminous  nephriiis  as  equivalent  to  Bright's 
disease  and  treats  the  various  forms  under  the  heads  of  acute  nephritis,  paren- 
chymatous or  epithelial  nephritis,  and  interstitial  nephritis. 

The  above  summary  shows  how  widely  authorities  differ  as  to  the  content  of 
the  term  Bright's  disease,  and  as  to  the  anatomy  and  pathogenesis  of  nephritis. 
We  might  easily  carry  our  references  further  and  so  bring  out  still  greater  differ- 
ences. This  is  true  not  only  of  the  older  authorities,  but  even  of  the  most  recent,  , 
the  latest  discussions  on  the  subject  showing  clearly  that  on  the  basis  of  our 
present  knowledge  no  reconciliation  of  the  conflicting  views  is  possible. 

This  being  the  case  the  author  has  thought  it  best  in  dealing  with  the  patho- 
logical anatomy  of  the  nephritic  process  to  refer  as  little  as  possible  to  tlie  exist- 
ing literatui'e  of  the  subject,  and  to  be  guided  mainly  by  the  results  of  his  own 
investigations.  This  he  has  done  with  less  hesitation  inasmuch  as  for  some  years 
he  has  given  considerable  attention  to  the  subject  and  has  collected  an  extensive 
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series  of  observations  on  it.  During  the  last  two  or  three  years  he  has  liad  the 
further  advantage  of  watching  tlie  results  of  a  research  on  nephritis  carried  out 
in  his  presence  by  Dr.  Nauwerck.  His  work  has  thrown  much  light  on  the  sub- 
ject, and  some  of  the  figures  hereafter  given  are  taken  from  his  admirable  prepa- 
rations. Tlie  experimental  researclies  on  nephritis  made  by  Guawitz  and  Israel, 
PONFICK,  Lassar,  Marchand,  Aufrec!HT,  Buchwald,  Litten,  and  others  have  but 
slight  bearing  on  the  questions  raised  by  the  phenomena  of  nephritis  in  man.  The 
varieties  of  renal  degeneration  set  up  by  tlie  injection  or  administration  of  vari- 
ous chemical  irritants  or  by  interruptions  of  the  blood-supply,  etc.  have  but  dis- 
tant relation  to  nephritis  proper,  and  admit  of  useful  comparison  with  the  human 
affections  exactly  corresponding  to  them  and  with  no  otliers.  Still  less  have  the 
degenerations  of  the  kidney  induced  by  ligature  of  the  ureter  to  teach  us  concern- 
ing the  textural  changes  iu  human  haematogenous  nephritis.  For  this  latter  we 
must  in  the  first  place  look  to  a  careful  anatomical  investigation  of  the  diseased 
human  kidney. 

As  to  the  exact  significance  to  bo  attached  to  the  term  Bright's  disease  vp-e 
must  leave  clinical  experts  to  decide.  It  is  essentially  a  clinical  term,  and  the 
pathological  anatomist  may  for  the  present  dispense  with  it. 

Acute  Nephritis. 

540.  Acute  glomerulo-nephritis.  The  simplest  form  of  acaid 
nephritis  is  that  in  which  the  inflammatory  changes  are  in  the  main 
confined  to  the  glomeruli,  the  intertubular  vessels  being  bnt  slightly 
affected. 


!     Fi&  209.    Section  through  glomerxjiar  capillaries  in  acute  nephritis  pollo'^ting  diphtheria  : 

AFTER  NAUWERCK. 

I      (The  glomerulus  lies  near  the  surface  of  the  kidney :  section  hardened  in  alcohol,  stained  vxith 
I  alum-carmine  and  eosin,  and  mounted  in  Canada  Balsam :    X  450.) 

a,  nucleus  ia  capillary-wall  g,  nucleus  of  a  detached  epithelial  cell 

b,  swollen  and  loosened  endothelial  ceU  h,  vesicular  (degenerate)  epithelial  cell 
c  d,  endothelial  calls  with  multiple  nuclei                   z,  coagulated  albumen 

e,      glomerular  epithehum  k,  denuded  capillary  wall 

/,     disintegrating  glomerular  epithelium 

The  glomeruli  themselves  often  show  no  marked  histological  change; 
the  presence  of  an  albuminous  exudation,  which  coagulates  by  alcohol 
or  by  heat  and  forms  a  crescentic  areola  around  the  glomerular  vessels, 
being  sometimes  the  only  evidence  that  the  vessels  have  been  altered. 
Other  glomeruli  may  be  somewhat  swollen,  or  partially  denuded  of  epi- 
thelium (Fig.  209  gh;  Fig.  213  e,  Art.  544).  In  more  severe  cases 
some  of  the  capillary  loops  are  entirely  denuded  (Fig.  207  d.  Art.  535; 
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Fig.  209  Tc;  Fig.  213  h,  Art.  543)^  and  the  vessels  look  pale,  denucleated, 
and  necrotic;  or  they  are  transformed  into  homogeneous  spherules  with 
few  or  many  nuclei,  larger  than  the  normal  glomeruli  and  impermeable 
by  the  blood  or  by  artificial  injections.  According  to  Fkiedlander  the 
latter  is  the  form  most  frequent  in  post-scarlatinal  nephritis,  and  it 
may  extend  over  a  great  part  of  the  kidney.  It  would  appear  to  be  due 
to  a  hyaline  swelling  (Art.  63)  of  the  vessel- walls  themselves. 

Some  of  the  capillaries  appear  to  contain  an  excess  of  white  blood- 
corpuscles  and  it  is  possible  that  this  may  occasionally  give  rise  to  throm- 
bosis (Ribbert).  According  to  Langhans  and  Nauwerck  the  endo- 
thelial cells  of  the  capillary  loops  become  swollen  (Fig.  209  a),  proliferous, 
loosened  (5),  and  degenerate  {d),  the  epithelial  cells  of  the  glomeruli  {Ji  Ic) 
also  undergoing  desquamation.  Hsemorrhagic  exudation  is  very  com- 
mon, the  capsule  of  the  glomerulus  then  becoming  tightly  distended 
with  blood  (Fig.  212/,  Art.  544). 

The  tubular  epithelium  may  be  altogether  unaltered.  In  other  in- 
stances single  cells  may  appear  degenerate,  turbid,  fatty,  or  necrotic,  or 
they  may  be  loosened  and  disintegrated.  Hyaline  casts  occupy  the 
lumen  of  some  of  the  tubules. 

The  intertubular  connective  tissue  is  in  general  entirely  unaffected; 
now  and  then  it  appears  somewhat  swollen  from  inflammatory  oedema, 
or  contains  a  few  scattered  patches  of  cellular  infiltration. 

The  naked-eye  appearance  of  the  kidney  is  not  usually  altered  to  any 
sensible  extent.  Only  when  there  is  great  hyaline  thickening  of  the 
glomerular  capillaries  do  the  glomeruli  become  noticeable  by  their  pale- 
ness and  increased  size  (Feiedlan'der). 

Glomerulo-nephritis  is  not  a  specific  disease,  as  it  can  be  produced 
by  a  variety  of  causes.  According  to  Klebs,  Friedlakder,  Corxil, 
Klein,  etc.  it  is  specially  apt  to  follow  upon  scarlatina.  It  may  also 
accompany  pyaemia,  septicsemia,  diphtheria,  relapsing  fever,  erysipelas, 
carbuncle,  etc.,  or  arise  idiopathically,  that  is  without  any  antecedent 
infective  disease.  It  obviously  is.  due  to  the  action  of  deleterious 
substances  reaching  the  glomerular  vessels  by  way  of  the  circulation, 
and  damaging  the  vessels  in  the  process  of  excretion  through  their  walls. 
It  thus  stands  aetiologically  in  close  relation  with  the  forms  of  degenera- 
tion described  in  Arts.  534,  535,  and  indeed  it  is  difficult  or  impossible 
to  draw  a  sharp  line  separating  the  histological  appearances  in  the  two 
groups. 

Glomerulo-nephritis  may  cause  death  by  suppression  of  the  urinary 
secretion.     In  other  cases  it  issues  in  recovery,  or  in  chronic  change. 

References:— Klebs,  Handh.  d.  path.  Anat.  I. ;  Kelsch,  Arch,  de  pliysiologie 
1874;  Klein,  Reports  to  Med.  Off.  of  Privy  Council  1876;  Langhans,  Virch.  Arch. 
vols.  76,  99;  Hortoles,  Etude  d.  proc.  histol.  des  nephrites  Paris  1881;  Leech, 
Brit.  Med.  Journ.  1,  1881;  Greenfield.  Atlas  of  Pathology  (New  Sycl.  Soc.)  Lon- 
don 1879;  Ribbert,  Nephritis  u.  Albuminurie  Bonn  1881;  Cohnheim,  Allg.  Path, 
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11.  1882;  Friedlander,  Fortschrittc  d.  Med.  \{18B^);  Cor:^il.  Prcuditionrr  xxviii  , 
XXXII.  (1882-84);  CORNIL  und  Bkault,  Pathologic  du  rein  Paris  18S1;  B.  (I.  Wai^ 
LER,  Joum.  of  Anat.  and  Physiol.  Xiv.  1879;  Nauwerck,  Beitr.  z.  Kennt.  d.  Mcrrh. 
Brightii  Jena  1884. 

541.  Acute  diffuse  nephritis  witli  sero-fibrinous  exudation,  or  as 
we  may  call  it  acute  inflammatory  osdema  of  the  kidney,  gives  rise  to 
more  or  less  swelling  of  the  organ,  in  some  cases  so  extreme  th;it  it 
attains  a  length  of  22  to  25  centimetres.  The  capsule  is  easily  stripped 
off,  the  surface  smooth,  the  tint  gray  or  grayish-red  speckled  with  yel- 
lowish-red. On  section  the  cortex  and  medulla  appear  swollen  and 
sodden,  usually  pale-gray  or  grayish-yellow,  and  occasionally  streaked  or 
speckled  with  red.  The  whole  organ  is  soft,  especially  so  when  the 
swelling  is  great. 


Fig.  210.    Diffuse  nephmtis  with  sero-fibrinous  exudation. 
(Section  treated  vtith  perosmic  acid  and  mounted  in  glycerine  :    x  350.) 

a,  stroma  much  thickened  and  beset  with  fibrin- 

ous threads  and  granules  and  with  oil-glob- 
ules 

b,  capillaries 

c,  epithelium  of  the  convoluted  tubules,  partly 

tui'bid,  partly  fatty  and  desqxiamating 


d,  shed  epithelium  in  a  Henle"s  loop 

e,  granular  and  fatty  detritus  in  a  Henle's  loop, 
whose  epitheUum  is  turbid  but  remains 
in  situ 

f,  hyahne  cast 

g,  extravasated  leucytes 


The  swelling  is  due  mainly  to  the  accumulation  of  liquid  in  the  inter- 
tubular  connective  tissue  of  the  cortex  (Fig.  210),  and  to  some  extent  of 
the  medulla. 

The  stroma  is  greatly  thickened  and  contains  a  liquid  which  in  re- 
cent preparations,  more  commonly  however  in  hardened  ones,  is  mingled 
with  threads  and  granules  of  fibrin  (a).  The  vessels  may  be  compressed 
4 
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by  the  liquid,  but  sometimes  at  least  in  places  appear  distended  with 
blood  (b)! 

The  exudation  contains  few  cells,  though  it  is  not  unusual  to  find 
scattered  patches  of  cellular  infiltration  {g).  When  the  condition  is 
no  longer  quite  recent  the  intertubular  exudation  contains  oil-globules. 

The  glomeruli  are  for  the  most  part  not  perceptibly  altered,  though 
when  treated  with  alcohol  traces  of  coagulable  exudation  can  be  made 
out  within  their  capsules.  In  some  of  the  glomeruli  moreover  there  is 
slight  swelling  and  desquamation  of  the  epithelium. 

The  tubular  epithelium  of  the  cortex  and  medulla  is  everywhere  more 
or  less  swollen  and  loosened  {c),  in  many  places  it  is  actually  detached 
(d).  Sooner  or  later  fatty  degeneration  and  disintegration  of  the  epi- 
thelium becomes  apparent. 

The  tubules  are  at  first  empty,  but  presently  they  are  filled  with 
hyaline  casts  (/),  or  with  granular  and  fatty  epithelial  detritus  (e). 

The  slighter  forms  of  inflammatory  oedema  accompany  the  various 
infective  diseases,  such  as  typhoid  fever,  and  give  rise  to  some  swelling 
and  considerable  dropsical  saturation  of  the  kidney.  The  more  intense 
forms  are  seldom  met  with:  they  are  most  common  in  affections  of  the 
nature  of  pyaemia. 

The  drawing  in  Fig.  310  was  made  from  the  kidney  of  a  patient  who  died  on 
the  tenth  day  of  an  acute  febrile  attack.  The  disorder  was  obviously  of  an  infec- 
tive nature,  for  the  renal  inflammation  was  accompanied  by  enormous  swelling 
of  the  spleen,  with  purulent  inflammation  in  the  mediastinum,  and  later  on  with 
purulent  pleurisy. 

542.  Acute  disseminated  interstitial  nephritis  is  the  most  com- 
mon form  of  acute  renal  inflammation.  The  kidney  is  swollen  but  lit- 
tle or  not  at  all,  and  at  first  the  section  shows  no  discoloration  whatso- 
ever. Only  when  the  interstitial  changes  are  accompanied  by  marked 
degenerative  changes  do  spots  and  patches  of  gray  or  (in  fatty  degenera- 
tion) white  make  their  appearance.  Haemorrhage  is  frequently  an  early 
symptom,  and  gives  rise  to  small  punctiform  dark-red  spots. 

The  diagnosis  of  this  form  of  nephritis  can  be  made  with  certainty 
only  by  means  of  the  microscope. 

The  cellular  infiltration  (Fig,  311  m)  first  makes  its  appearance 
around  the  stellate  veins  (g)  and  the  interlobular  veins  (h),  and  is  usually 
so  marked  that  in  stained  sections  the  affected  patches  can  be  seen  under 
very  low  magnifying  powers.  These  patches  are  usually  most  abundant 
in  the  outer  zone  of  the  cortex,  and  in  the  boundary  zone  between  the 
cortex  and  medulla;  the  middle  parts  of  the  cortex  being  seldom  much 
affected.  The  glomeruli  which  lie  within  the  region  of  the  inflamed 
veins  may  be  surrounded  with  infiltrated  cells,  the  latter  often  accumu- 
lating in  a  dense  mass  round  the  glomerular  capsule.  The  connective 
tissue  not  lying  within  this  region  may  be  entirely  unaffected,  though 
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cases  occur  in  which  other  Ciipillary  rej^ions,  especially  those  around  the 
glomeruli  (Fig.  213,  Art.  544  and  Fig.  213,  Art.  543),  show  signs  of 
more  or  less  extensive  cellular  infiltration. 

The  tul)ular  epithelium  may  be  altogether  normal.  Even  in  the 
centre  of  the  inflamed  region  the  cells  occasionally  remain  unchanged  or 
at  most  become  a  little  cloudy,  their  form  being  retained  and  their 
nuclei  continuing  to  stain  well.  Nauwerck  has  observed  this  condition 
in  the  nephritis  accompanying  infective  pneumonia.     In  other  cases  the 


Fig.  211.    Outer  half  op  the  cortex  in  recent  acute  disseminated  (interstitial)  nephritis. 
{Injected  with  Prussian  blue  and  stained  with  alum-carmine  :    X  32.) 


A^  labyrinth 
a,  interlobular  artery 
h,  vas  afEerens 

c,  glomerulus 

d,  vas  efferens 

e,  capillaries  of  the  medullary  rays 
/,  capillaries  of  the  labyrinth 

ff,  stellate  veins 


5,  medullary  rays  C,  capsule 

A,  interlobular  veins 
i,  convoluted  tubules 
fc,  straight  tubules  (Henle's  loops  and  collectiiu? 

tuoes) 
Z,  degenerate  convoluted  tubules 
m,  cellular  infiltration  around  the  veins 


epithelium  is  in  parts  more  obviously  affected  by  the  inflammatorv  pro- 
cess, and  cloudy  swelling  with  a  tendency  to  necrosis  is  observed,  espe- 
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cially  in  the  convoluted  tubules  (Fig,  211  I).  According  to  Nauwerck 
this  occurs  chiefly  in  cases  of  diphtheria.  The  aiiected  epithelial  cells 
sooner  or  later  lose  their  nuclei. 

The  degeneration  and  necrosis  of  the  epithelium  may  either  be  con- 
fined to  the  inflamed  region,  or  may  extend  beyond  it.  It  is  worthy  of 
remark  that  in  certain  conditions  the  epithelium  in  the  inflamed  region 
may  be  little  if  at  all  altered,  while  in  other  parts  epithelial  necrosis  has 
set  in.  Frequently  we  find  that  the  cells  of  the  collecting  tubes  are 
the  most  altered,  being  turbid  or  disintegrated  into  granular  detritus. 

The  glomeruli  themselves  are  as  a  rule  but  little  affected,  except  in 
those  cases  which  tend  to  issue  in  suppuration  (Art,  543).  Sometimes 
a  few  of  them  are  partially  denuded  of  their  epithelium.  Cases  also 
occur  in  which  at  an  early  stage  of  the  inflammation  the  epithelia  of 
some  of  the  capillary  loops  become  necrosed  and  denucleated  (Fig.  207, 
Art,  535),  and  fall  away  from  their  attachments.  The  capsules  of  some 
glomeruli  also  contain  an  exudation  which  coagulates  with  alcohol  into  a 
granular  mass,  and  contains  the  desquamated  and  degenerate  glomer- 
ular epithelium  in  the  form  of  transparent  vesicular  spherules.  When 
haemorrhage  takes  place,  many  of  the  capsules  contain  blood,  which 
closely  surrounds  the  vascular  loops  (Fig.  213,  Art.  544)  and  passes 
down  into  the  corresponding  tubules.  Varieties  of  nephritis  are  met 
with  in  which  these  hfBmorrhages  are  from  the  outset  numerous  and 
abundant,  so  much  so  that  they  may  throw  the  interstitial  changes  quite 
into  the  background. 

In  the  lumen  of  the  tubules,  especially  in  the  loops  of  Henle,  are 
formed  hyaline  casts,  sometimes  enclosing  a  few  scattered  nuclei.  The 
tubules  bordering  on  the  patches  of  cellular  infiltration  also  contain 
leucocytes,  which  have  traversed  the  membrana  propria  and  lie  either 
within  the  tubules  or  in  their  secreting  epithelium. 

Disseminated  interstitial  nephritis  may  coexist  with  inflammatory 
oedema.  The  kidney  is  then  more  or  less  swollen,  and  mottled  with 
red  and  gray.  This  condition  is  met  with  in  connection  with  various 
infective  diseases,  more  especially  in  pneumonia  and  erysipelas  (l^AU- 
WERCK,  Mommsen);  and  also  in  scarlatina,  diphtheria,  pysemia,  and 
relapsing  fever  (Ponfick).  It  may  also  occur  without  any  antecedent 
general  infection  of  the  system.  It  issues  in  recovery,  or  in  localized 
induration  and  atrophy,  or  in  suppuration. 

RiBBERT  maintains  that  every  interstitial  nephritis  begins  in  an  inflammatory 
change  of  the  glomeruli.  Weigert  thinks  all  forms  of  nephritis  begin  in  epithe- 
lial degeneration.  Both  views  are  one-sided  and  apply  only  to  a  limited  number 
of  cases;  they  relegate  the  essential  part  of  the  process  to  a  secondary  place.  Ne- 
phritis may  begin  in  many  different  ways,  and  no  single  scheme  can  be  laid  down 
to  which  all  cases  shall  conform. 

References  on  nephritis  following  pneumonia  :— Wagner, X>eM?.  Arch.  f.  klin^ 
Med.  XXV.;  Mommsen,  Deuisch.  med.  Woch.  1879;  Nauwerck,  loc.  cit.;  Jtjrgen- 
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SEN.  Croupoae  Pnmmonie  TQbingen  1883;  Friedlander.  Fortschritte  d.  Med.  n. 
1884;  DlCKlNSOW,  Renal  and  urinary  affections  ill.  London  1885. 

References  on  nephritis  after  diphtheria,  scarlatina,  etc.:— Bouchard,  Rev. 
de  mM.  1881;  Capitain  and  Charrin,  ibid.;  Gaucher,  Lancet  1,  1881;  Cornil. 
Journ.  de  Vanat.  1879,  Practitioner  xxviil.,  xxxii.  (1882-84);  Eberth,  Virch. 
Arch.  vol.  57.  Zar  Kenntniss  bacter.  Mi/coaen  Leipzig  1872;  Jacobi,  GerhardVs 
Handb.  d.  Kinderkrankh.  ii.;  Kannenbero,  Zeitschr.  f.  klin.  Med.  i.;  Klebs, 
Handb.  d.  path.  Anat.:  Klein,  Tram.  Path.  Soc.  xxvin.  (1877);  Lepine.  Revm 
mensuelle  1880;  Letzerich,  Virch.  Arch:  yoU.  47,  52.  55,  61;  Leyden,  Zeitsch.  f. 
klin.  Med.  in.;  Litten,  ibid,  iv.;  Markwald,  Ueber  die  Nierenaffection  bei  acuten 
Infectionskrankh.  In.  Diss.  Konigsberg  1878;  Oertel,  Ziemssen's  Cyclop,  ii.; 
Senator,  Virch.  Arch.  vol.  56,  Die  Albuminurie  im  gesund.  u.  krank.  Zustande 
Berlin  1882,  trans,  by  Smith  (New  Syd.  Soc.)  London  1884;  Thomas,  Oerhardfs 
Handb.  d.  Kinderkrankh.  iv.;  Unruh,  Jahrb.  f.  Heilk.  xvii.  (1881);  P.  FtJR- 
BRINQER,  Virch.  Arch.  vol.  91;  Nauwerck,  Die  Nephritis  Jena  1883;  Fischl, 
Beitrdgez.  Histologic  d.  Scharlachniere,  Zeitsch.  f.  Heilk.  1883;  Leichtenstern, 
Deutsche  med.  Woch.  1881;  Babes.  Arch,  de  physiol  ii.  (1883);  Friedlander, 
Fortschritte  d.  Med.  l.  (1883);  Art.  540. 

Atkinson  {Amer.  Journ.  med.  sciences  1384)  gives  a  good  account  (with  refer- 
ences) of  nephritis  from  malarial  poisoning. 

543.  Disseminated  suppurative  nephritis.  When  a  simple  dis- 
seminated nephritis  issues  in  suppuration,  there  are  formed  in  various 
parts  of  the  kidney,  especially  in  the  cortex  but  not  infrequently  in  the 
medulla  also,  a  number  of  rounded  or  linear  patches  of  whitish  pus-like 
matter  usually  surrounded  by  a  zone  of  hypersemia.  In  other  respects 
the  kidney  may  be  almost  normal,  though  there  is  frequently  a  certain 
amount  of  swelling  (from  inflammatory  oedema)  and  some  gray  and  red 
mottling  (from  disorder  of  the  circulation). 

The  smallest  patches  (not  larger  than  a  millet-seed)  are  due  to  a 
steadily  increasing  extravasation  of  leucocytes,  which  accumulate  either 
round  the  venules  or  round  the  capsules  of  the  glomeruli. 

Suppurative  inflammation  of  the  kidney  is  no  doubt  in  general  a 
result  of  bacterial  invasion.  When  the  micro-organisms  settle  within 
the  capillary  loops  of  the  glomeruli  (Fig.  312  a)  they  first  block  up  the 
lumina  of  the  vessels,  then  induce  necrosis  of  the  glomerular  epithelium. 
(b),  and  finally  necrosis  of  the  glomerulus  itself.  An  inflammatory 
reaction  is  thereupon  set  up  around  the  glomerulus,  the  first  effect  of 
which  is  an  accumulation  of  extravasated  leucocytes  in  the  surrounding 
connective  tissue  (d).  There  is  also  usually  a  certain  amount  of  exuda- 
tion from  the  intertubular  venules  (/).  The  epithelium  within  the 
affected  region  as  a  rule  degenerates  rapidly  {g  h).  Part  breaks  up  into 
granular  detritus,  part  becomes  necrotic  and  denucleated,  and  desqua- 
mates. The  extravasated  leucocytes  penetrate  the  tubules  (^),  and  in  a 
short  time  the  entire  region  is  thickly  infiltrated  with  them.  By  and  by 
not  only  the  epithelium  but  the  connective  tissue  breaks  down,  and  the 
infiltration  becomes  an  abscess.  The  size  of  the  abscess  depends  of 
course  on  the  extent  of  the  infiltration. 
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This  form  of  inflammation  may  result  in  the  breaking  down  of  a  large 
part  or  even  the  whole  of  the  kidney,  so  that  at  length  nothing  remains 
but  a  sac  filled  with  pus.  The  latter  is  however  not  a  common  result 
of  the  affection  now  considered;  it  occurs  much  more  frequently  as  a 
sequel  of  pyelonephritis  (Art.  554). 

Wide-spread  suppuration  of  the  renal  tissue  gives  rise  to  catarrhal, 
purulent,  or  even  diphtheritic  inflammation  of  the  pelvis  of  the  kidney: 
and  not  infrequently  abscesses  are  formed  in  the  surrounding  subperito- 
neal tissue  (perinephritic  abscess). 

Suppurative  nephritis  (not  due  to  pyelonephritis)  occurs  most  frequently  in 
connection  with  ulcerative  endocarditis  and  with  traumatic  pyaemia.  It  may 
however  be  associated  with  a  great  variety  of  diseases,  such  for  instance  as 
dysentery,  ulcerative  phthisis,  and  actinomycosis  (Israel,  Virch.  Arch.  vol.  74). 
The  abscesses  are  usually  punctiform  or  miliary;  large  abscesses  are  rare. 


Fig.  212.    Disseminated  suppurative   nephritis. 
{Section  stained  with  gentian-violet  and  mounted  in  Canada  Balsam :    X  200.) 


a,  capillary  loop  flUed  with  micrococci 

b,  empty  denucleated  capillary 

c,  leucocytes  in  the  capillaries 

d,  cellular  iuflltration  around  the  capsule 

e,  venule 

/,  cellular  infiltration  around  the  venule 


gr,  convoluted   tubule,    with    epithelium    partly 
cloudy,  partly  denucleated  and  degenerate 
h,  convoluted  tubule  with  granular  detritus 
i,  leucocytes  within  the  tubules 
k,  limb  of  Henle's  loop 


Suppurative  nephritis  is  not  infrequently  combined  with  embolic  obstruction 
of  the  renal  arteries,  leading  to  the  formation  of  infarcts. 

According  to  Littrn  {Zeitschr.  f.  klin.  Med.  iv.)  there  are  some  foi'ms  of  acute 
nephr.itis  in  which  large  numbers  of  micrococci  are  diffused  throughout  the  whole 
of  the  kidney,  filling  up  many  of  the  tubules  and  Bowman's  capsules.  Aufrecht 
reports  similar  cases  (Pathologische  Mittheilungen  I.  1881.  Letzerich  {loc.  cit.) 
affirms  that  in  diphtheria  masses  of  micrococci  may  accumulate  to  such  an  ex- 
tent in  the  circulatory  and  secretory  channels  that  the  urinary  function  is  gravely 
interfered  with. 
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ZlEGLER  has  never  been  able  to  discover  sucli  extensive  accumulations  of  bac- 
teria in  the  kidney,  even  in  cases  of  diphtheria.  The  suspicion  arises  that  some 
other  appearance  has  been  mistaken  for  colonies  of  micrococci.  Treatment  of  the 
sections  with  alkalies  and  alcohol  is  not  sufficient  to  determine  with  certainty  the 
presence  of  these  organisms. 

Babes  (Arch,  de  pliyniol.  ii.  1883)  has  recently  described  various  forms  of  bac- 
teria discovered  by  him  in  the  renal  blood-vessels  in  certain  forms  of  nephritis 
accompanying  pyoemic  and  septicaemic  infection,  scarlatina,  articular  rheuma- 
tism, yellow  fever,  etc.  In  connection  with  the  latter  he  found  chaplets  of  two 
to  six  diplococci,  and  suggests  that  they  may  be  the  exciting  cause  of  the  disease. 
Steven  (Glasgow  Med.  Journ.  1884)  discusses  the  suppurative  affections  of  the 
kidney  in  a  clear  and  able  manner. 

Chronic  Parenchymatous  Nephritis. 

544.  The  inflammations  of  the  kidney  comprehended  under  the  term 
chronic  parenchymatous  nephritis  are  all  characterized  by  persistent 
inflammatory  exudation  from  the  blood-vessels  into  the  renal  tissue,  ac- 
companied by  marked  alteration  of  the  epithelial  structures.  The  persis- 
tent exudation  takes  place  partly  from  the  glomeruli  and  partly  from  the 
iutertubular  capillaries  and  venules. 

The  intertubular  exudation  saturates  the  renal  tissues  with  inflamma- 
tory lymph,  varying  in  quantity  at  different  stages  of  the  process  and  in 
different  cases. 

This  inflammatory  oedema  is  always  accompanied  by  a  more  or  less 
extensive  cellular  infiltration  (Fig.  213  q  r),  which  is  often  remarkably 
dense  around  the  subcortical  and  interlobular  venules  {q),  often  also 
well-marked  in  the  neighborhood  of  the  intertubular  capillaries  (r)  and 
here  and  there  in  exceptional  amount  round  a  few  of  the  glomeruli. 
The  extravasated  leucocytes  {q)  and  the  liquid  exudation  may  penetrate 
directly  into  the  tubules,  and  the  leucocytes  gathered  around  the  Bow- 
man's capsules  may  in  like  manner  penetrate  them.  Intertubular 
venous  hasmorrhages  are  occasionally  observed,  and  when  the  tubules  are 
at  the  same  time  ruptured  blood  may  enter  these  directly  (Nauweeck). 

The  vessels  of  certain  of  the  glomeruli  permit  the  escape  of  albumin- 
ous urine,  which  even  during  life  may  coagulate  into  a  granular  or  ho- 
mogeneous mass  within  the  capsules.  More  commonly  however  coagu- 
lation takes  place  only  within  the  tubules  (especially  in  the  loops  of 
Henle),  giving  rise  to  the  familiar  hyaline  casts  or  cylinders. 

The  glomerular  capillaries  frequently  permit  the  escape  of  white  {e) 
and  red  (/)  blood-cells.  The  former  often  accumulate  ingreat  quantity 
in  the  capillary  loops  {h)  before  escaping,  but  they  do  not  usually  escape 
in  large  numbers  into  the  lumen  of  the  capsule. 

Comparatively  few  of  the  red  blood-cells  {e)  escape  into  the  lumen  of 
the  capsules,  though  not  infrequently  larger  extravasations  are  observed 
in  which  the  capsules  and  their  tubules  appear  widely  distended  with 
blood  ifp). 
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In  many  cases  the  glomerular  epithelium  looks  perfectly  normal,  but 
it  is  more  common  to  find  it  somewhat  swollen,  the  individual  cells  stand- 
ing out  clearly  from  the  contours  of  the  capillaries.     Multiplication  and 


Fig.  213.    Chronic  hemorrhagic  (parenchymatous)  nephritis. 

{Section  hardened  in  Muller's  fluid,  stained  with  alum-carmine,  and  mounted  in  Canada  bal- 
sam: the  fatty  change  represented  is  taken  from  another  preparation  treated  vnth  peros- 
mic  acid:   X  300.) 


a,    normal  capUlary  loop 

6,    capillary  filled  with  white  blood-ceils 

c,  desquamated  glomerular  epithelium 

d,  capsular  epithelium 

e,  exudation  consisting  of  red  and  white  blood- 

cells  and  granular  matter 
/,    hsemorrhage  into  a  capsule  and  tubule 
g,    granular  stratified  exudation,  containing  nu- 
clei of    desquamated    glomerular    epithe- 
lium 
A,    disintegrated  blood  containing  desquamated 
glomerular  epithelium 


convoluted  tubule 

limb  of  Henle's  loop 

tubule  with  pigmented  and  fatty  epithelium 

pigmented  and  desquamated  epitheUum 
fatty  cells,  some  of  them  desquamated 
loose  fatty  epithelial  cells  in  the  lumen  of 

a  normal  tubule 
tubule  filled  with  blood 
,    cellular   infiltration   around  venules  and 

capillaries 
pig^ment-granules  in  stroma 
capillaries  filled  with  blood 
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ilesquamation  usually  set  in,  and  epithelial  cells  are  seen  in  greater  or 
loss  uumbers  lying  loose  within  the  capsules  (c).  These  may  bo  washed 
out  unciianged  into  the  tubules,  but  at  times  they  accumulate  in  quan- 
tity within  the  capsule,  surrounding  the  glomerular  vessels  in  successive 
strata  (c)  and  separating  or  compressing  the  loops  by  their  intrusion. 
Frequently  too  the  cells  break  down  or  dissolve  in  the  liquid  escaping 
from  the  glomerular  vessels,  and  homogeneous  or  granular  coagula 
{g  h)  are  thus  formed,  Avhich  more  or  less  completely  ensheath  the  glo- 
merulus. The  nuclei  enclosed  in  these  coagula  often  persist  for  a  long 
time,  .and  occasionally  give  them  the  appearance  of  intracapsular  new- 
formations  of  connective  tissue. 

In  addition  to  the  swelling  and  desquamation  of  the  epithelium  we 
often  remark  a  certain  amount  of  fatty  change,  which  gives  the  cells  the 
look  of  being  powdered  or  sprinkled  with  minute  globules. 

The  glomerular  capillaries  appear  for  the  most  part  unaltered, 
though  all  the  changes  described  in  Art.  540  may  occasionally  be  ob- 
served. 

The  capsular  epithelium  {d)  is  as  a  rule  far  less  altered  than  the 
glomerular,  though  it  too  may  in  certain  cases  become  swollen,  break 
up,  and  desquamate.     It  may  also  undergo  fatty  degeneration. 

The  tubular  epithelium  always  shows  more  or  less  marked  signs  of 
cloudy  swelliAg,  fatty  degeneration,  desquamation,  and  disintegration. 
The  most  striking  of  these  changes,  the  fatty  degeneration  {I  m  n),  is 
distinguished  by  the  presence  of  droplets  and  globules  of  oil  within  the 
cells,  varying  in  size  and  number  according  to  the  degree  of  degeneration. 
The  fatty  cells  {m  o)  are  the  most  apt  to  be  shed,  though  this  happens 
also  in  the  case  of  the  swollen  and  cloudy  cells.  These  desquamated 
cells  dissolve  in  situ  or  are  carried  into  remoter  parts  of  the  tubules, 
where  they  may  coalesce  into  hyaline  cylinders. 

The  degenerative  changes  affect  chiefly  the  convoluted  tubules, 
though  they  are  not  entirely  absent  in  the  loops  and  collecting  tubes. 
In  the  latter  especially  there  may  be  very  marked  desquamation  of  the 
epithelium. 

When  considerable  hsemorrhages  have  taken  place  in  the  glomeruli 
the  corresponding  tubules  are  distended  with  blood,  their  epithelium  ap- 
pearing compressed  and  flattened  ( p).  The  blood  presently  disintegrates, 
forming  granules  and  flakes  of  pigment:  these  are  usually  taken  up  by 
the  epithelial  cells  {I  m),  part  also  appearing  in  the  fibrous  stroma  (s) 
whither  they  are  carried  by  the  absorbents  (Art.  530). 

la  many  cases  it  is  difficult  to  make  out  definitely  in  what  way  a 
chronic  parenchymatous  nephritis  has  begun.  In  other  cases  it  is  clearly 
the  sequel  of  an  acute  affection.  So  far  as  microscopical  investigation 
indicates  it  is  possible  that  all  the  varieties  of  acute  nephritis 
aibove  described,  except  the  suppurative  form,  may  occasionally  termi- 
nate in  the  chronic  parenchymatous  form.     Moreover  the  various  de- 
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generative  processes  described  in  Arts.  534-537  may  be  combiuad  with 
secondary  inflammatory  changes,  and  so  give  rise  to  the  morbid  appear-  ^ 
ances  of  chronic  nephritis. 

ViRCHOW,  FoBSTER,  Langhans,  and  Friedlander  describe  in  certain  cases  of 
nephritis  a  multiplication  of  the  nuclei  of  the  glomerular  capillaries,  which  may 
at  times  become  very  considerable.  Nauwerck  has  confirmed  this  by  showing  i 
that  the  endothelial  cells  of  the  capillaries  swell  up  a.nd  multiply  (Fig.  309,  Art. 
540). 

LiTTEN  (Charite-Annalen  iv.)  states  that  in  the  nephritis  following  scarlatina 
and  relapsing  fever  concentrically  stratified  connective  tissue  is  rapidly  formed 
within  Bowman's  capsules.  According  to  the  account  in  the  text  this  would 
appear  to  be,  not  new  connective  tissue,  but  stratified  fibrin  enclosing  nuclei  (Fig. 
213  gr). 

545.  The  textural  changes  just  described  pass  through  various  devel- 
opmental stages,  and  thus  in  any  given  case  one  or  another  of  them  may 
be  the  most  prominent.  We  may  therefore  distinguish  certain  anatomi- 
cally distinct  forms  of  chronic  parenchymatous  nephritis,  depending  on 
the  stage  of  the  process  reached  at  the  time  the  kidney  is  examined. 

In  the  first  form  the  connective  tissue  is  but  slightly  altered  (being 
simply  infiltrated)  while  the  epithelium  of  the  tubules  and  in  part  of  the 
glomeruli  is  highly  fatty.  This  form  is  best  described  as  the  inflamed 
fatty  kidney,  or  the  kidney  of  fatty  parenchymatous  n^hritis.  The 
kidney  is  moderately  swollen  and  soft,  the  cortex  pale-gray  and  beset 
with  numerous  white  opaque  spots  and  streaks.  The  number  and  mag- 
nitude of  these  fatty  patches  depends  on  the  degree  of  degeneration. 
They  may  be  confined  to  the  outer  or  to  the  inner  zone  of  the  cortex. 
The  medulla  is  usually  more  or  less  reddened,  often  indeed  cyanotic. 
If  the  cortical  veins  are  full  they  show  as  red  streaks,  and  the  stellate 
veins  show  on  the  pale  subcapsular  surface  as  deep-red  star-shaped 
blotches. 

In  a  certain  sense  the  large  mottled  kidney  forms  an  antithesis  to 
the  fatty  kidney.  It  is  swollen,  often  considerably,  and  its  surface  is 
mottled  with  gray  and  red.  On  section  the  cortex  looks  broadened, 
moist,  soft,  and  streaked  with  gray  and  grayish-red;  the  medulla  is 
hyperaemic.  Corresponding  to  its  external  appearance  we  find  the  tissue 
of  the  kidney  in  a  condition  of  inflammatory  oedema,  the  intertubular 
septa  being  in  many  places  infiltrated  with  small  cells.  The  glomerular 
epithelium  is  here  and  there  swollen  and  desquamated,  and  in  many  of 
the  tubules  the  epithelial  cells  are  likewise  cloudy,  swollen,  and  desqua- 
mated. The  fatty  change  is  only  moderately  developed,  the  amount  of  f 
fat  present  not  sufficing  to  whiten  the  parenchyma. 

When  the  kidney  is  much  infiltrated  and  at  the  same  time  fatty,  it  t 
is  enlarged  and  the  'cortex  is  mottled  with  white  patches;  in  extreme 
fatty  change  it  may  be  all  but  uniformly  white.     This  is  the  so-called 
large  white  kidney. 
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The  differences  between  the  three  forms  being  ratlier  Jiflerences  of 
degree  than  of  kind,  there  are  naturally  many  intermediate  varieties. 

The  external  naked-eye  appearance  of  the  kidney  depends  greatly  on 
the  amount  of  blood  it  contains  at  the  time  of  examination.  Thus  when 
the  parenchyma  looks  red  we  must  not  at  once  conclude  that  there  is 
no  fatty  degeneration,  for  when  the  latter  is  slight  it  may  be  quite  dis- 
guised by  the  presence  of  hypergemia.  Conversely,  mere  paleness  of 
the  tissue  is  by  no  means  a  certain  index  of  fatty  change. 

Haemorrhage  may  accompany  all  forms  of  nephritis,  but  there  is  one 
particular  form  in  which  the  hsemorrhage  amounts  to  a  characteristic; 
the  cortex  chiefly,  the  other  parts  in  a  less  degree,  being  studded  with 
red  and  brown  patches  of  extravasation.  This  form  is  therefore  de- 
scribed as  chronic  haemorrhagic  nephritis  (Fig.  213).  The  paren- 
chyma may  be  altered  in  various  ways;  the  most  common  change  is  a 
considerable  degree  of  fatty  degeneration  with  much  infiltration  of  the 
fibrous  stroma.  The  kidney  is  thus  as  a  rule  swollen  and  speckled  with 
white,  or  almost  uniformly  white.  There  is  usually  much  desquamation 
of  the  glomerular  epithelium. 

When  the  most  marked  character  in  a  case  of  chronic  nephritis  is  the 
morbid  change  in  the  glomerular  epithelium,  we  might  fitly  describe  it 
as  chronic  glomerulo-nephritis.  When  the  accompanying  degenera- 
tion of  the  tubular  epithelium  is  slight  the  kidney  may  appear  but  very 
little  altered,  even  though  death  has  taken  place  from  failure  of  the 
renal  function;  in  such  cases  microscopic  examination  alone  reveals  the 
true  character  of  the  disease.  The  changes  in  the  glomeruli  are  the 
same  as  those  described  in  Arts.  544  and  540.  In  marked  cases  many  of 
the  glomeruli  are  obliterated. 

54o.  Terminations  of  chronic  parenchymatous  nephritis. 
This  disease  not  infrequently  passes  through  the  stages  indicated  in  Arts. 
544  and  545  and  terminates  in  fatal  suppression  of  the  urinary  function. 
In  cases  that  are  not  speedily  fatal  the  changes  above  described  become 
more  and  more  marked:  which  particular  one  of  these  changes  is  the 
most  prominent  depends  on  the  individual  peculiarities  of  the  case. 

The  fatty  change  is  not  rarely  the  most  extensive,  the  kidney  be- 
coming more  and  more  of  an  unmixed  white  color  as  the  grayish  or  red- 
dish regions  of  fairly  sound  tissue  diminish  or  disappear;  the  latter  may 
at  last  be  confined  to  the  parts  about  the  medullary  rays.  In  such  cases 
not  only  does  the  renal  epithelium  become  fatty  and  perish,  but  oil- 
globules  begin  to  appear  in  the  walls  of  the  glomerular  and  intertubular 
capillaries. 

Often  too  the  advancing  fatty  degeneration  is  accompanied  by  in- 
creased cellular  infiltration  of  the  connective  tissue,  so  that  the  inter- 
tubular stroma  becomes  transformed  into  a  series  of  swollen  cellular 
columns. 

At  an  early  stage  atrophy  of  the  secreting  structures  begins  in 
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the  regions  most  affected.  The  tubular  epithelium  may  in  consequence 
of  the  degenerative  changes  be  lost  altogether,  the  denuded  tubules  be- 
coming therefore  collapsed  and  functionless.  This  is  however  by  no 
means  invariably  the  case,  for  it  frequently  happens  that  in  the  absence 
of  other  complications  the  fatty  and  desquamated  cells  are  replaced  by 
the  regenerative  multiplication  of  the  remaining  ones.  Destruction  of 
the  glomeruli  is  a  more  serious  danger,  for  it  involves  not  only  the  sup- 
pression of  the  urinary  secretion  but  also  the  partial  interruption  of  the 
intertubular  circulation.  The  glomeruli  may  be  rendered  functionless 
by  an  excessive  accumulation  of  loose  epithelium  and  exuded  liquid 
within  their  capsules,  leading  to  compression  of  the  capillaries.  More 
commonly  however  the  injury  is  primary,  and  due  to  hyaline  swelling  of 
the  capillary-walls  and  in  part  to  thrombosis  of  their  channels.  The 
epithelium  always  perishes,  partly  by  desquamation,  partly  by  fatty  de- 
generation and  disintegration.  Sometimes  a  certain  amount  of  fibrous 
hyperplasia  occurs  in  the  neighborhood  of  the  obliterated  glomeruli,  and 
the  capsules  thus  appear  abnormally  thickened. 

These  localized  atrophic  changes  in  tlie  secreting  structures  are  sooner 
or  later  followed  by  cicatricial  contractions  of  the  external  surface. 
They  are  seldom  quite  absent  in  the  large  white  kidney,  and  in  some 
cases  are  so  numerous  as  to  give  the  organ  a  granulated  appearance  while 
its  volume  becomes  less  than  normal.  This  is  of  course  possible  only  in 
cases  of  long  standing,  in  which  the  changes  in  the  parenchyma  have 
spread  so  gradually  that  its  functions  have  at  no  time  been  interrupted. 
Such  cases  both  in  their  clinical  course  and  histological  characters  ap- 
proach those  which  we  class  under  the  head  of  renal  cirrhosis  or  indura- 
tive nephritis  with  contraction. 

Chronic  Indurative  Nephritis. 

547.  Clironic  indarative  nephritis  or  renal  cirrhosis  is  distin- 
guished anatomically  by  the  fact — that  the  inflammatory  process  issues 
in  hyperplasia  of  the  renal  connective  tissue,  and  consequent  induration 
or  cirrhosis  of  the  parenchyma. 

In  chronic  parenchymatous  nephritis  there  is  a  certain  amount  ol 
fibrous  overgrowth,  but  this  is  of  altogether  minor  importance  in  com- 
parison with  the  other  results  of  the  inflammatory  process.  In  indura- 
tive nephritis  on  the  other  hand  it  is  this  fibrous  overgrowth  and  the 
resulting  cirrhosis  which  is  the  essential  characteristic  of  the  affection. 

The  disease  sometimes  commences  acutely,  but  its  onset  is  usualh 
very  gradual  and  insidious.  In  either  case  the  appearance  in  the  stroma 
of  small  patches  of  cellular  infiltration  is  the  most  important  of  thij 
initial  changes.  This  infiltration  is  moreover  always  accompanied  by* 
degeneration  of  the  epithelium,  though  the  extent  and  intensity  of  thi 
varies  much  in  different  cases,  a  fact  which  in  the  main  explains  th 
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diverse  clinical  phenomena  oxhibitod  in  connection  with  the  onset  of  the 
disease. 

In  like  manner  there  are  differences  in  the  amount  of  inflammatory 
oedema  accompanyiuu^  the  infiltration,  and  corresponding  differences  in 
the  extent  to  which  the  kidney  is  swollen. 

When  the  interstitial  hyperplasia  has  continued  for  some  weeks  or 
months  cicatricial  patches  appear,  and  as  they  contract  give  rise  to  de- 
pressions and  puckerings  of  the  outer  surface  of  the  kidney.  These 
contractions  are  more  or  less  numerous  and  extensive  according  to  the 
extent  of  the  original  infiltration.  The  kidney  is  either  anaemic  and 
pale-gray  in  tint,  or  hyperaemic  when  it  appears  grayish  or  brownish  red; 
its  size  may  be  normal  or  increased  or  diminished;  at  a  later  stage  it  is 
harder,  tougher,  and  denser  than  in  health. 

The  cortex  is  always  thinned  at  the  site  of  the  cicatrices;  elsewhere 
its  thickness  may  be  normal  or  even  increased,  but  it  is  never  very  much 
increased.  The  cortex  on  section  has  the  same  tint  as  the  surface.  The 
pale  white  patches  of  fatty  degeneration  may  be  entirely  absent,  though 
not  infrequently  they  may  be  detected  in  varying  number  within  the  cor- 
tical zone.     The  medullary  zone  is  usually  redder  than  is  normal. 

The  connective  tissue  is  hardened  and  overgrown  not  merely  within 
the  cicatrices  but  also  at  various  points  in  the  deeper  layers  of  the  cortex: 
the  secreting  structures  are  atrophied  (Fig.  214). 

The  indurated  patches  lie  chiefly  in  the  neighborhood  of  the  small 
veins,  though  they  may  be  distributed  irregularly  throughout  the  region 
of  the  labyrinth. 

The  first  stage  of  the  indurative  change  is  the  appearance  of  the  dis- 
seminated cellular  infiltration  (/)  of  the  stroma.  Then  the  intertubular 
tissue  (k)  becomes  more  or  less  notably  increased  and  fibrous:  it  often 
becomes  thickly  beset  with  small  round-cells,  or  at  least  the  nuclei  are 
much  more  numerous  than  usual. 

The  capsules  of  the  glomeruli  in  the  affected  region  are  in  general 
considerably  thickened,  and  appear  to  be  made  up  of  nucleated  fibrous 
tissue  arranged  in  concentric  layers  (a).  It  is  however  to  be  noted  that 
the  amount  of  thickening  varies  greatly:  in  some  cases  it  is  enormous, 
in  others  very  slight.  The  latter  is  observed  in  instances  where  the  in- 
filtration is  mainly  around  the  small  veins,  the  former  where  it  is  more 
uniformly  diffused  over  the  whole  of  the  labyrinth. 

The  tunica  adventitia  of  the  blood-vessels  {n  o)  is  usually  more  or 
l&ss  thickened.  Sometimes  the  thickening  extends  to  the  inner  coats 
also,  and  leads  to  obstruction  of  the  vessel.  A  certain  number  of 
the  capillaries  always  become  impermeable  as  the  change  progresses. 

The  glomerular  epithelium  in  recent  cases  is  seen  to  be  swollen  or 
loosened  and  desquamated  (/),  though  this  change  is  seldom  so  marked 
as  in  the  forms  of  nephritis  already  described:  it  is  also  rare  for  the  cap- 
sular epithelial  cells  to  show  signs  of  any  great  degree  of  multiplication 
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or  of  desquamation.  When  there  is  much  thickening  of  the  capsule,  or 
much  disturbance  of  the  circulation  through  obstruction  of  the  capil- 
laries or  narrowing  of  the  vasa  afferentia,  the  glomeruli  begin  to  atrophy. 
The  capillary  loops  lose  their  epithelium  {c),  and  are  transformed  into 
pale  hyaline  or  finely-granular  denucleated  [d)  structures,  which  are 
impermeable  by  the  blood  or  by  artificial  injections. 

During  the  progress  of  the  disease  the  glomeruli  excrete  albuminous 
urine,  which  usually  flows  oif  into  the  tubules;  sometimes  however  it 
coagulates  in  the  presence  of  the  shed  epithelial  cells  and  gives  rise  to 
the  stratified  fibrinous  and  nucleated  masses  (e),  which  we  have  already 
described  as  surrounding  the  glomerular  vessels.  The  albuminous  urine 
often  contains  extravasated  red  and  white  blood-cells. 


e    if^ 

Fig.  314.    Inflammatory  induration  and  atrophy  of  the  renal  tissue. 
{Section  treated  tvith  alcohol  and  alum-carmine,  and  mounted  in  Canada  balsam,:  x  250.) 


a,  capsule  of  Bowman  thickened  and  fibrous 

6,  normal  glomerulus 

C,  glomerulus  with  vessels  partly  obstructed  and 
hyaline,  the  epithelium  being  nearly  all  de- 
stroyed 

<Z,  obliterated  glomerulus 

e,  nucleated  coagulum  composed  of  fibrinous  exu- 
dation and  shed  epithelium 

/,  glomerular  epithelium  loosened  and  shed 


g,  capsular  epithelium 

/i,  collapsed  tubule  with  atrophied  epithelium 

i,  collapsed  and  denuded  tubule 

fc,  hyperplastic  fibrous  stroma 

I,  cellular  infiltration 

m,  normal  tubule  somewhat  dilated 

n,  vas  affersns.  • 

o,  small  vein 


The  tubular  epithelium  undergoes  the  same  forms  of  degeneration  as 
"we  have  described  in  connection  with  parenchymatous  nephritis,  though 
the  degeneration  is  usually  less  intense  and  less  wide-spread:  in  cases  cf 
no  very  longstanding  wo  therefore  find  the  greater  number  of  the  tubules 
still  healthy. 
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By  the  time  that  now  fibrous  tissue  has  been  formed  at  a  particular 
spot,  the  corresponding  tubules  are  usually  advanced  in  atrophy.  The 
lumen  is  narrowed,  the  secreting  epithelium  represented  by  small  cubical 
cells  lining  the  walls  or  lying  loose  within  the  lumen  (Ji).  Many  tubules 
are  empty  and  collapsed,  their  epithelium  having  altogether  disappeared 
(t). 

The  degeneration  and  atrophy  of  the  tubules  is  due  partly  to  the  dis- 
turbances of  circulation  and  nutrition  caused  by  the  inflammatory 
changes,  partly  to  the  destruction  of  the  glomeruli  (Art.  524). 

The  contents  of  the  unaffected  tubules  are  the  same  as  in  parenchy- 
matous nephritis,  though  fewer  of  them  contain  casts  and  masses  of 
epithelial  detritus.  Haemorrhages  and  pigmentary  deposits  are  likewise 
less  common. 

Indurative  nephritis  and  the  cirrhotic  contracted  kidney  (Art.  548)  correspond 
partly  to  the  form  described  by  clinical  observers  as  true  contracted  kidney, 
partly  to  so-called  secondary  contracted  kidney.  The  term  "  true  contracted 
kidney  "  has  been  made  to  include  the  arteriosclerotic  contracted  kidney  (Art. 
526),  whose  mode  of  origin  is  totally  different  from  that  of  the  cirrhotic  contracted 
kidney.  Confusion  thus  arises,  and  it  may  therefore  be  well  in  future  to  avoid 
the  use  of  the  clinical  term. 

The  term  "secondary  contracted  kidney  "  is  applied  to  cases  which  begin 
acutely.  This  distinction  is  valueless  from  the  point  of  view  of  the  morbid 
anatomist,  as  such  cases  differ  in  no  essential  respect  from  those  whose  onset  is 
gradual  or  undiscerned. 

548.  Terminations  of  chronic  indurative  nephritis.  When 
this  affection  is  not  speedily  fatal  from  the  extension  of  the  accompany- 
ing epithelial  degeneration,  it  may  lead  in  the  course  of  months  or  years 
to  very  extreme  induration  and  obliteration  of  the  secreting  structures. 
The  kidney  is  then  always  diminished  in  size,  often  remarkably  so; 
the  capsule  is  adherent;  the  surface  granulated.  The  '^  granulations ' 
may  be  coarse  or  fine,  regular  or  irregular  (Fig.  215  A). 

The  tint  of  the  protuberant  granulations  varies  greatly,  depending 
on  the  amount  of  blood  present  in  the  cortex  and  on  the  degree  of  fatty 
change  in  the  epithelium.  It  is  usually  grayish-red,  sometimes  however 
it  is  gray  or  mottled  gray  and  white,  or  almost  entirely  white  and  opaque. 
The  depressions  and  contractions  are  usually  somewhat  redder. 

The  renal  tissue  is  dense  and  tough,  the  cortex  thinned,  the  papillaa 
often  truncated  or  stunted.  The  tint  of  the  cut  surface  corresponds 
with  that  of  the  external  surface:  the  medulla  is  generally  somewhat 
redder,  but  not  infrequently  it  has  much  the  same  tint  as  the  cortex. 

The  cortical  zone  is  always  traversed  by  fibrous  bands  with  small 
islands  of  less  altered  or  persistent  normal  tissue  lying  between  them 
(Fig.  215  ^). 

The  fibrous  bands  start  from  the  intergranular  depressions  of  the 
surface   {B\  and   run  towards  the  bases  of  the  medullary  papillae,  be- 
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ing  interconnected  by  numerous  transverse  bands;  the  islands  of  normal 
tissue  are  therefore  more  frequently  rounded  or  oval  than  elongated. 
The  fibrous  bands  run  in  general  along  the  course  of  the  veins,  though 
they  frequently  ramify  without  any  apparent  regularity  through  the 
labyrinth.  The  more  numerous  they  are  the  smaller  of  course  are  the 
islands  enclosed  in  their  meshwork.  Cases  are  met  with  in  which  the 
greater  part  of  the  labyrinth  is  thus  indurated  and  obliterated,  the  only 
parts  retaining  their  function  being  parts  of  the  medullary  rays  and  the 
tissue  immediately  adjoining.     In  such  cases  the  surface  granulations 


S     A 


Fig.  215.    Cirrhotic  contracted  (or  '  granular  ')  kidney. 
{Vertical  section  through  the  outer  zone  of  the  cortex,  stained  with  alum-carmi:ie  and  mounted  in 

Canada  balsam  X  40.) 

A,  persistent  renal  tissue  giving  rise  to  '  granulations. ' 
B,  cicatricial  bands  giving  rise  to  depressions  and  contractions. 

a,  normal  tubules  g,  hyperplastic  fibrous  tissue 

b,  dilated  tubules  ft,  atrophied  glomeruli  with  thickened  capsule 

c,  cysts  i,  the  like  with  normal  capsules 

d,  normal  glomeruli  fc,  cellular  infiltration 

e,  atrophied  and  collapsed  tubules  filled  with  loose   I,  arteriole 

epithelium  m,  venule 

/,  atrophied  empty  tubules 

are  naturally  very  fine  and  regular;  where  the  cirrhosis  is  confined  to 
the  course  of  the  veins  the  irregularities  of  the  surface  are  usually  much 
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more  marked.  The  course  and  mode  of  extension  of  the  indurative 
change  are  in  fact  very  similar  to  what  is  observed  in  cirrhosis  of  the 
liver  (Art.  496). 

The  fibrous  bands  of  the  cortex  always  enclose  atrophied  and  col- 
lapsed tubules  [e  f)  and  obliterated  glomeruli  whose  capsules  are  more 
or  less  thickened  {h  i).  These  bande  are  thus  simply  portions  of  renal 
tissue  of  which  the  secreting  structures  are  rendered  functionlessand  the 
stroma  hyperplastic  by  chronic  inflammation.  Ilere  and  there  a  tubule 
or  a  glomerulus  may  persist  within  the  indurated  region,  while  some  of 
the  tubules  are  dilated  into  cysts  by  tiie  retention  of  already  secreted 
urine  {c). 

The  islands  of  persistent  secreting  tissue  may  present  a  normal  ap- 
pearance (rt).  More  frequently  some  of  the  tubules  and  glomeruli  show 
signs  of  compensatory  hypertrophy  {h).  Some  of  the  epithelial  cells  are 
fatty,  though  the  extent  of  this  change  varies  much  in  different  cases. 
Here  and  there  too  we  find  patches  of  cellular  infiltration  {k),  a  sign 
that  the  inflammatory  process  is  kept  up. 

Both  in  the  cortex  and  in  the  medulla  are  seen  tubules  containing 
hyaline  cylinders,  or  masses  of  shed  epithelium  and  extravasated 
leucocytes. 

The  induration  of  the  intertubular  stroma  and  the  loss  of  the  glo- 
meruli involve  the  obliteration  of  a  considerable  portion  of  the  vascular 
system  of  the  cortex.  The  vessels  passing  into  the  medullary  zone  (Art. 
526)  consequently  become  dilated,  though  the  channels  thus  opened  up 
never  fully  compensate  for  the  loss  of  the  cortical  channels. 


Tuberculous  and  Sypliilitic  Nephritis. 

549.  Tuberculosis  of  the  kidney  is  in  most  cases  due  to  embolic 
infection.  In  rare  instances  primary  tuberculosis  of  the  bladder,  pros- 
tate, spermatic  duct,  or  testicle  may  extend  to  the  kidney  by  way  of  the 
ureter. 

Acute  miliary  tuberculosis  and  chronic  localized  tuberculosis  are  the 
two  forms  of  the  affection. 

Miliary  tuberculosis  of  the  kidney  is  merely  a  part  of  a  general  erup- 
tion of  tubercle  in  the  various  organs  of  the  body.  Wherever  the  tuber- 
culous virus  lodges,  in  cortex  or  medulla,  there  appears  a  small  semi- 
translucent  grayish  speck,  which  presently  grows  into  a  gray  nodule. 
This  then  becomes  whitish,  and  is  often  surrounded  by  a  hemorrhagic 
areola.  The  whitish  tinge  is  due  partly  to  infiltrated  leucocytes,  partly 
to  turbid  swelling  and  necrosis  of  the  epithelium  set  up  by  the  action  of 
the  bacilli.  When  the  cellular  infiltration  becomes  great  the  renal  tissue- 
elements  within  the  infiltrated  area  perish. 

The  number  of  tubercles  appearing  in  the  kidney  is  sometimes  very 
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great,  sometimes  small.  Occasionally  the  tubercles  are  confined  to  the 
region  supplied  by  a  single  twig  of  the  renal  artery. 

Chronic  localized  tuberculosis  of  the  kidney  begins,  like  the  miliary 
form,  at  the  spot  whither  the  bacilli  have  been  carried  by  the  blood- 
stream. This  may  be  either  within  the  parenchyma  or  in  the  mucous 
membrane  of  the  calices  or  jjelvis. 

At  this  spot  gray  nodules  are  formed,  and  presently  become  caseous. 
In  the  course  of  weeks  or  months  they  grow  into  large  irregular  nodes 
by  progressive  marginal  infiltration,  while  new  nodules  develop  in  the 
tissue  around.  In  the  mucous  membrane  of  the  pelvis  the  process  ex- 
tends partly  as  a  diffuse  infiltration,  partly  as  a  nodular  eruption.  The 
nodules  and  the  infiltrated  tissue  ultimately  become  necrosed  and  case- 
ous, and  presently  disintegrate. 

After  a  time  the  kidney  appears  studded  with  gray  nodules  and 
white  opaque  nodes,  the  larger  of  these  being  softened  and  excavated. 
The  medullary  papillg3  are  many  of  them  caseous  and  broken  down,  the 
pelvis  appears  enlarged  by  the  excavations,  and  in  places  is  continuous 
with  the  tuberculous  cavities  of  the  parenchyma.  The  mucous  mem- 
brane is  infiltrated,  thickened,  and  gray,  its  surface  here  and  there 
necrotic  and  covered  with  yellow  sloughing  ulcers;  or  the  deeper  layers 
being  uniformly  infiltrated  and  thickened,  the  entire  mucous  membrane 
may  be  transformed  into  a  cheesy  broken-down  ulcerous  mass. 

The  tuberculous  process  frequently  extends  to  the  ureter,  transform- 
ing it  into  a  more  or  less  gristly  tube  with  thickened  walls.  The  inner 
surface  is  either  white  necrotic  and  ulcerated  throughout  its  entire  ex- 
tent, or  it  is  gray  and  infiltrated,  and  studded  with  scattered  patches  of 
necrosis  and  ulceration. 

In  the  more  advanced  stages  of  the  disease  the  kidney  appears  some- 
what enlarged,  the  capsule  adherent,  and  the  surface  often  rough  and 
irregularly  nodulated.  Cheesy  and  granular  detritus  occupies  the  pel- 
vis, which  latter  by  excavation  or  by  retention  of  urine  is  abnormally 
large.  In  extreme  cases  the  entire  kidney  is  destroyed,  nothing  remain- 
ing but  a  thick-walled  sack  containing  cheesy  or  jDuriform  detritus. 

As  a  rule  both  kidneys  are  affected,  though  it  is  common  to  find  the 
process  much  moi'e  advanced  in  one  kidney  than  in  the  other. 

550.  Syphilitic  affections  of  the  kidney  exhibiting  any  special 
or  characteristic  features  are  not  common.  Eenal  inflammation  refera- 
ble to  the  influence  of  the  syphilitic  poison  is  however  occasionally  met 
with,  and  is  characterized  by  the  formation  of  coarse  cicatricial  bands 
and  of  caseating  gummata. 

In  congenital  syphilis  induration  and  contraction  of  the  kidney  has 
in  somewhat  rare  instances  been  observed. 

References  on  renal  tuberculosis: — Rayee,  Maladies  des  reins  Paris  1840; 
ViRCHOW,  Krankhafte  Geschwillsteil.;  Sgb.mibtl.eii^,  Deutsche  Klinik  180^;  Kuss- 
maUL,    Wiirzburger    med.   Zeitschr.    iv. ;    Rosenstein,    Berl.  klin.    Woch.  1865; 
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Colin,  Gazette  hebdom.  x,;  Southey,  Brit.  Med.  Journ,  1,  1867;  Mosler,  Arch, 
d.  Heilk.  1863;  E.  Hoffmann,  Deutsch.  Arch.  f.  klin.  Med.  iii.;  Huber,  ibid,  iv.; 
Klebs,  Handb.  d.  path.  Anat. ;  Ebstein,  Ziemssen's  Cyclop,  xv.;  Arnold, 
Virch.  Arch.  vol.  83;  Gaultier,  La  tuberculose  renale  primitive  These  de  Paris 
1882;  Dickinson,  Renal  and  urinary  affections  iii.  London  1885;  Steinthal, 
Virch.  Arch.  vol.  100;  Hilton  Fagqe,  Principles  and  practice  of  medicine  ii. 
London  1886. 

On  renal  syphilis  see  Virchow,  Krankhafte  OeschwiXlste  ii. ;  Cornil,  Journ. 
de  Vanat.  1865;  MoxoN,  Guy's  Hosp.  Rep.  1868;  Lancereaux,  Treatise  on  syphi- 
lis I.  (New  Syd.  Soc.)  London  1868;  Greenfield,  Atlas  of  Path.  (New  Syd.  Soc.) 
London  1879;  Negell,  These  de  Paris  1884;  Klebs,  loc.  cit.;  Cornil  and  Ran- 
viER,  Man.  dliist.  path.  Paris,  1878,  Man.  Path.  Hist.  il.  London  1886;  the  latter 
found  in  one  case  a  number  of  gummata,  some  of  them  as  large  as  a  pea. 

In  syphilitic  patients  we  not  infrequently  find  the  kidney  in  a  state  of  amy- 
loid degeneration  (MoxoN,  loc.  cit.). 

In  tuberculosis  of  the  urinary  organs  Rosenstein  and  Babes  {Cent.  f.  d.  tned. 
Wiss.  1883)  have  demonstrated  the  presence  of  tubercle-bacilli  in  the  urine. 


CHAPTER  LXX. 

RENAL  CYSTS  AND  HYDRONEPHROSIS. 

651.  Renal  cysts.  When  a  urinary  tubule  is  obstructed  by  a  uratie 
deposit,  a  tube-cast,  a  cicatricial  band,  or  other  cause,  the  urine  may 
accumulate  behind  the  obstruction  and  distend  its  lumen  into  a  cyst. 
The  like  may  liappen  to  a  glomerular  capsule  when  the  mouth  of  its 
tubule  is  blocked. 

Kidneys  otherwise  normal  occasionally  contain  smooth-walled  cysts 
varying  in  size  from  that  of  a  pea  to  that  of  a  walnut  and  protruding 
more  or  less  above  the  surface  of  the  organ.  Cysts  are  however  much 
more  frequently  met  with  in  diseased  kidneys,  and  especially  in  the  con- 
tracted forms  due  to  cirrhosis  and  arteriosclerosis.  Thorn"  states  that 
cysts  may  also  be  due  to  inflammation  of  the  pelvis  or  calices  of  the  kid- 
ney extending  by  continuity  to  the  stroma  of  the  medullary  papillse.  In 
fact  it  would  appear  that  the  compression  and  obstruction  of  the  tubules 
resulting  from  inflammatory  change  in  the  tissue  about  them  lead  much 
more  frequently  to  the  formation  of  cysts  than  internal  blocking  of  the 
lumen  by  concretions  or  deposits.  Where  a  certain  amount  of  constric- 
tion has  already  taken  place  such  internal  obstruction  may  no  doubt 
make  the  occlusion  complete. 

The  number  of  these  cysts  found  in  a  single  kidney  varies  greatly. 
Cases  occur  in  which  they  are  so  numerous  as  to  occupy  the  whole 
organ,  mere  shreds  or  septa  of  renal  tissue  separating  the  contiguous 
cavities  (cystic  degeneration). 

The  largest  cysts  met  with  in  kidneys  altered  by  nephritis  are  about 
the  size  of  a  cherry,  the  smallest  are  microscopic.  It  frequently  hap- 
pens that  none  are  larger  than  a  pea,  though  in  exceptional  instances 
two  or  more  coalesce  to  form  a  single  cavity. 

The  larger  cysts  have  thin  translucent  walls,  the  inner  surface  being 
smooth,  and  the  contents  clear  or  yellowish-brown  or  slightly  blood- 
stained liquid  generally  containing  urinary  salts.  The  smaller  cysts  met 
with  in  contracted  kidneys  not  infrequently  contain  a  colloid  substance. 
All  cysts  are  lined  with  epithelium,  the  cells  being  usually  flattened, 
rarely  columnar. 

When  the  cysts  are  both  large  and  numerous  the  kidney  may  have 
the  look  of  a  large  tumor.  This  condition  is  sometimes  developed  before 
birth,  the  child  being  born  with  kidneys  transformed  into  relatively 
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enormous  honeycombed  tumors  representing  an  extreme  degree  of  cystic 
degeneration:  this  is  referred  to  as  foetal  cystic  disease.  The  tumors 
may  be  so  large  as  to  interfere  with  delivery.  According  to  Virchow 
the  condition  is  sometimes  due  to  inflammatory  occlusion  and  atrophy 
of  the  papillie;  but  Thorn  thinks  it  is  more  frequently  brought  about 
by  inflammation  extending  to  the  substance  of  the  papillae  from  the 
calices.  Absence  of  the  pelvis  or  occlusion  of  the  ureters  may  also  have 
the  like  effect.  Some  authorities  hold  that  the  condition  is  due  to  a 
primary  fault  of  development. 

References: — Bright,  Memoirs  on  abdominal  tumors  (New  Syd.  Soc.)  London 
1860;  RoKiTANSKY,  Lehrb.  d.  path.  Anat.  IH.  1861;  Beckmann,  FiVc/t.  Arch.  vol. 
9;  Frerichs,  Die  Brighfsche  Nierenkrankheit  Bvnnswick  1851;  Siebold,  Monats- 
schr,  f.  Geburtskunde  iSH;  Virchow,  Gesam.  Ahhandl.  Frankfort  1856,  Virc/i. 
Arch.  vol.  46;  Bruckner,  ibid.:  Hertz,  ibid.  vol.  30;  Simon,  Med.  chir.  Trans. 
XXX.;  KosTER,  Dublin  Quart.  Journ.  xlvi,  ;  Eve,  Trans.  Path.  Soc.  xxxi.  (1860); 
Thorn,  Beitrag  z.  Genese  d.  Cystenniere  In.  Diss.  Bonn  1882;  Chotinsky, 
Ueber  Cystennieren  In.  Diss.  Bonn  1882  (this  author  aflSrms  that  in  foetal  cystic 
kidney  the  occlusion  of  the  tubules  is  to  a  great  extent  due  to  excessive  multipli- 
cation of  the  epithelial  cells);  Cornil  and  Brault,  Path,  du  rein  Paris  1884; 
Dickinson,  Renal  and  urinary  affections  in.  London  1885  (with  cases);  Cornil 
and  RANVIE3  Man.  Path.  Hist.  ii.  London  1886.  A  number  of  cases  are  de- 
scribed in  the  Transactions  of  the  Pathological  Society. 

552.  Hydronephrosis.  When  the  escape  of  the  urine  from  the  pel- 
vis of  the  kidney  is  prevented  or  obstructed,  it  accumulates  and  dis- 
tends that  cavity,  giving  rise  to  what  is  called  hydronephrosis  or  dropsy 
of  the  kidney. 

Renal  calculi  impacted  in  the  ureter,  stricture  or  twisting  of  the 
ureter,  valvular  folds  of  mucous  membrane,  or  compression  by  the 
gravid  uterus  or  by  uterine  ovarian  and  vesical  tumors,  enlarged 
prostate,  urethral  stricture,  and  phimosis — are  all  possible  causes  of  the 
condition.  In  new-born  infants  the  cause  of  the  obstruction  is  usually 
some  anomaly  of  the  ureter,  malposition  of  the  kidney,  valvular  folds  in 
the  ureter,  constriction  or  occlusion  of  the  urethra,  enlargement  of  the 
prostate  or  colliculus  seminalis,  or  phimosis. 

The  pelvis  and  calices  are  sometimes  enormously  distended,  forming 
a  sack  large  enough  to  fill  the  greater  part  of  the  abdomen  and  contain- 
ing 10  to  20  litres  of  liquid.  The  part  of  the  ureter  above  the  obstruc- 
tion is  dilated  in  like  manner. 

The  first  result  of  this  accumulation  of  liquid  is  the  flattening  of  the 
papillae  and  thinning  of  the  cortex  of  the  kidney.  The  parenchyma 
persists  for  a  considerable  time  but  at  length  undergoes  atrophy,  the 
tubules  being  reduced  to  flattened  or  cleft-like  channels  lined  with  com- 
pressed epithelium,  and  ultimately  with  the  glomeruli  becoming  func- 
tionless  and  obliterated.  In  extreme  cases  the  renal  tissue  is  reduced  to 
a  thin  film  or  in  part  disappears  altogether,  the  sack  consisting  in  great 
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measure  merely  of  fibrous  tissue,  which  in  cases  of  old  standing  may  be 
of  remarkable  thickness. 

At  first  the  liquid  is  simply  urine;  but  as  the  pressure  increases  less 
and  less  urine  is  excreted,  and  when  the  renal  tissue  atrophies  the  excre- 
tion ceases  altogether.  The  sack  however  continues  to  increase  in  size, 
owing  to  the  secretion  of  liquid  by  the  mucous  membrane  of  the  pelvis 
and  calices.  This  liquid  contains  no  urinary  matters,  but  is  albuminous; 
and  sometimes  it  is  tinged  with  blood.  Colloid  masses  and  cholesterin 
are  also  found  in  some  cases. 

Hydronephrosis  is  usually  confined  to  one  side,  it  is  rarely  bilateral. 
When  the  obstruction  ailects  only  a  part  of  the  pelvis  of  the  kidney,  or 
when  there  are  two  pelves,  the  hydronephrosis  may  be  partial. 

References: — Virchow,  Gesamm.  Abhandl.  Frankfort  1856;  Saxinger,  Prager 
Vierteljahrsschr.  1867;  Ackermann,  Dent.  Arch.  f.  hlin.  Med.  i. ;  Heller,  ibid. 
v.;  HiLDEBRAND,  Sammlung  Min.  Vortrage  5;  Gusserow,  ibid.  18;  Simon,  ibid. 
88;  Stadpeldt,  Monatsschr.  f.  Geburtskunde  1862;  Farre,  Lancets,  1861;  Mor- 
ris, Med.  chir.  Trans.  Lix.  (1876);  Ebstein,  Ziemssen's  Cyclop,  xv. ;  Aufrecht, 
Die  diffuse  Nephritis  Berlin  1879  (this  author  tied  the  ureter  in  animals,  and  ob- 
served degeneration  of  the  renal  epithelium  and  afterwards  multiplication  of  the 
connective-tissue  cells);  Dickinson,  loc.  cit. ;  Roberts,  Urinary  and  renal  dis- 
eases London  1885  (with  references  and  cases). 


CHAPTER  LXXI. 

PYELITIS  AND  PYELONEPHRITIS. 

553.  When  irritant  substances  are  excreted  by  way  of  the  kidney  they 
frequently  set  up  inflammation  in  the  mucous  membrane  of  the  pelvis 
(pyelitis)  and  ureter.  Thus  catarrhal,  croupous,  and  diphtheritic 
inflammation  of  this  membrane  may  follow  or  accompany  typhoid,  scar- 
latina, small-pox,  pysemia,  diphtheria,  cholera,  nephritis,  etc.  and  the 
use  of  drugs  like  cantharides,  copaiba,  cubebs,  turpentine,  etc.  When 
the  irritant  matter  ceases  to  be  excreted  the  inflammation  usually  comes 
to  an  end  also. 

These  secondary  or  symptomatic  inflammations  are  not  so  serious  as 
the  more  independent  and  progressive  inflammations  set  up  and  main- 
tained by  the  presence  in  the  renal  pelvis  of  parasitic  organisms  or 
urinary  concretions. 

In  speaking  of  parasitic  pyelitis  we  note  in  passing  that  tuberculous 
pyelitis,  already  described  (Art.  549),  is  due  to  the  invasion  of  a  bacil- 
lus. In  like  manner  micro-organisms  give  rise  to  the  pyelitis  which 
sometimes  accompanies  suppurative  or  septic  nephritis.  Another  puru- 
lent or  suppurative  variety  is  caused  by  the  action  of  micro-organisms 
reaching  the  pelvis  from  the  bladder  through  the  ureter.  The  latter 
micro-organisms  are  usually  micrococci,  though  bacilli  and  filamentous 
fungi  may  also  reach  the  kidney  by  this  channel.  They  enter  the 
bladder  as  a  rule  through  the  urethra,  but  cases  occur  in  which  they 
break  into  it  from  abscesses  in  the  rectum,  uterus,  vagina,  or  pelvic 
connective  tissue. 

Bacteria  are  often  introduced  into  the  bladder  by  means  of  dirty 
catheters.  In  other  instances  they  attack  the  urethra  primarily  (as  in 
gonorrhcea),  and  extend  gradually  as  far  as  the  bladder. 

Their  lodgment  in  the  bladder  is  favored  if  there  be  any  interference 
with  the  evacuation  of  the  urine,  such  as  is  caused  by  stricture  or  paraly- 
sis. When  the  bladder  is  incompletely  emptied  so  that  some  urine 
remains  in  it  for  a  considerable  time  the  bacteria  which  enter  it  find 
time  to  multiply  and  set  up  changes  in  the  urine.  As  the  urine  accumu- 
lates and  the  ureters  become  dilated  the  bacteria  find  ready  access  to  the 
pelvis  of  the  kidney  through  these  channels. 

Animal  parasites,  as  well  as  vegetable,  may  induce  inflammation  in 
the  pelvis  and  ureter.     This  is  especially  true  of  Bilharzia  or  Distoma 
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hcBmatohium  (Art.  239),  whose  eggs  are  deposited  and  embryos  hatched 
ill  the  urinary  tract.  Eustrongylus  gigas  (Art.  231)  is  much  less 
dangerous. 

All  the  forms  of  concretion  described  in  Arts.  531  and  532  are  capa- 
ble of  exciting  more  or  less  intense  pyelitis.  They  give  rise  to  continu- 
ous mechanical  irritation,  which  in  the  case  of  the  hard  and  spiny 
oxalate-calculi  is  often  very  great,  and  is  not  slight  in  the  case  of  the 
other  forms.  They  produce  mischief  in  another  way  when  they  become 
impacted  in  the  ureter  and  cause  retention  of  urine  as  well  as  local 
lesions. 

554.  Pyelitis,  set  up  :n  the  various  ways  just  described,  varies  much 
in  its  symptoms  and  :!Ourse.  In  catarrhal  inflammation  the  mucous 
membrane  is  red  and  swollen,  often  studded  with  small  extravasations, 
and  secreting  a  liquid  abounding  in  epithelial  cells  or  pus  according  to 
the  stage  of  the  disorder.  The  lymphadenoid  tissue  existing  in  variable 
quantity  in  the  submiicosa  is  often  swollen,  and  appears  in  the  form  of 
gray  nodular  swellings  in  the  reddened  mucous  membrane.  In  chronic 
cases  ulceration  and  thickening  takes  place.  "When  the  inflammation  is 
diphtheritic  patches  of  the  mucous  membrane  rapidly  slough.  Bacteria 
have  a  very  destructive  action,  as  the  urine  becomes  alkaline  owing  to 
their  multiplication  in  it,  and  the  products  of  the  decomposition  corrode 
the  inflamed  tissue.  Sooner  or  later  the  bacteria  invade  the  renal 
parenchyma.  According  to  Klebs  they  advance  along  the  collecting 
tubes  and  tubules  destroying  the  epithelium  and  exciting  inflammation. 

As  a  result  of  this  invasion  the  kidney  swells  up,  often  enormously, 
and  looks  as  if  soaked  or  sodden.  At  the  same  time  in  the  cortex  and 
medulla  appear  a  number  of  small  yellow  patches  surrounded  by  a  zone 
of  hyperfemia,  which  are  simply  small  patches  of  suppuration.  Purulent 
pyelitis  thus  gives  rise  to  purulent  pyelonephritis  (or  so-called  '  surgi- 
cal kidney').  The  process  may  issue  in  induration,  but  more  commonly 
the  suppurating  patches  grow  into  large  abscesses  which  burst  into  the 
pelvis  of  the  kidney.  Not  infrequently  abscesses  form  in  the  tissue 
immediately  surrounding  the  kidney,  and  are  called  perinephritic 
abscesses.  If  the  suppuration  within  the  kidney  goes  on  large  pus- 
secreting  cavities  communicating  with  the  renal  pelvis  are  produced, 
and  in  extreme  instances  the  whole  of  the  kidney  is  thus  destroyed,  its 
place  being  occupied  by  a  mere  pus-containing  sack.  This  condition  is 
referred  to  as  pyonephrosis. 

Parasitic  pyelonephritis  may  be  unilateral  or  bilateral;  in  the  latter 
case  it  is  usually  more  advanced  on  one  side  than  on  the  other. 

555.  Calculous  pyelitis  leads  partly  to  thickening  and  induration 
of  the  affected  tissues,  partly  to  ulceration.  Not  infrequently  the  in- 
flammation, at  least  during  some  part  of  its  course,  becomes  purulent: 
occasional  haemorrhages  are  also  common. 

The  inflammation  sooner  or  later  extends  to  the  renal  parenchyma 
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and  leads  to  swellin<^  nnd  colluhir  infiltration,  terminating  in  suppura- 
tion or  in  fibroid  induration.  In  eitlier  case  some  portion  of  the  renal 
tissue  is  dcstroycMl.  The  whole  of  it  may  perish  in  extreme  eases,  leaving 
nothing  but  a  fibrous  sack  surrounding  the  original  calculus.  Perine- 
phritic  abscesses  also  are  frequently  produced. 

When  calculi  of  some  size  become  wedged  in  the  ureter  the  outflow  of 
urine  may  be  interrupted.  If  in  consequence  of  this  a  considerable  ac- 
cumulation of  urine  takes  2)lace  in  the  pelvis  of  the  kidney  we  may  have 
hydronephrosis  (Art.  552)  superimposed  on  pyelitis.  The  retained  urine 
often  decomposes  and  tiius  intensifies  the  inflammation  so  that  it  be- 
comes purulent:  in  this  way  pyonephrosis  succeeds  hydronephrosis. 

The  impacted  stone  may  be  gradually  urged  forward  into  the  bladder 
by  the  pressure  of  the  accumulating  urine,  giving  rise  to  haemorrhage, 
erosion,  and  inflammation  on  its  way. 

The  ulcers,  whether  of  the  ureter  or  pelvis,  may  break  through  exter- 
nally and  thus  enable  pus  to  escape  into  neighboring  parts,  such  as  for 
instance  the  intestine  or  the  bladder.  More  often  however  the  pus 
escapes  into  the  perinephric  (subperitoneal)  cellular  tissue,  and  gives 
rise  to  wide-spread  suppurative  or  septic  inflammation. 

Calculous  pyelitis  is  usually  unilateral,  rarely  bilateral. 

References: — Michaelis,  Wien.  med.  Presse  xi.;  Ebstein,  Ziemssen's  Cyclop. 
XV.;  Bright,  Abdominal  tumors  (New  Syd.  Soc.)  London  1860;  Discussion,  Inter- 
nal, med.  congress  London  1881  and  Lancet  1,  1882;  J.  B.  Roberts,  Ainer.  Joum. 
med.  sciences  April  1883  (on  perinephritic  abscess);  Roberts,  Urinary  and  renal 
diseases  London  1885. 


CHAPTER   LXXII. 

RENAL    TUMORS    AND    PARASITES. 

556.  Of  the  various  primary  connective-tissue  tumors  of  the  kid- 
ney sarcoma  presents  the  greatest  interest.  Kenal  sarcoma  is  usually  con- 
genital, and  is  apparent  at  birth  or  becomes  noticeable  in  the  first  months 
or  years  of  life.  The  tumor  is  sometimes  very  large  (4  to  6  kilo- 
grammes), and  consists  of  soft  whitish  tissue  interspersed  vt^ith  patches 
of  hsemorrhagic  softening.  The  mass  of  the  tissue  is  made  up  of  round, 
spindle-shaped,  and  multiform  cells.  It  sometimes  contains  large  trans- 
versely-striated spindles  (rhabdomyoma.  Art.  153).  These  last  have  a 
special  interest,  for  they  are  evidence  that  the  tumor  has  arisen  in  tissue 
the  early  stages  of  whose  development  have  in  some  way  been  disturbed 
(Art.  516). 

Cellular  fibromata  are  frequently  met  with  in  the  kidney,  and  take 
the  form  of  nodules  of  the  size  of  a  pea  or  smaller.  Large  fibrous  tumors 
are  very  rare,  as  are  also  myxomata,  lipomata,  angiomata,  and  their  com- 
binations. They  all  of  them  take  the  form  of  nodes  seated  in  the 
parenchyma  or  on  the  capsule  of  the  kidney,  or  in  its  pelvis  or  calices. 
Grawitz  has  investigated  certain  small  subcapsular  tumors,  from  the 
size  of  a  pea  to  that  of  a  cherry,  and  of  a  white  marrow-like  appearance, 
which  have  been  described  as  lipomatous:  he  regards  them  as  simply 
aberrant  and  proliferous  portions  of  the  suprarenal  body.  In  their 
structure  they  are  very  like  the  degenerate  suprarenals  described  in  Art. 
565,  consisting  of  a  fibrous  stroma  with  rows  and  groups  of  cells  contain- 
ing a  variable  amount  of  fat.  Grawitz  has  named  them  "  striimm  lipo- 
matodes  aberratm  renis."  Telangiectatic  tumors  (angiomata)  in  the 
renal  pelvis  sometimes  give  rise  to  severe  haemorrhage. 

Adenomata  of  the  kidney  appear  as  well-defined  white  nodes  of  the 
size  of  a  walnut  or  less,  and  with  a  structure  like  that  of  ovarian  adeno- 
mata. Weichselbaum  and  Greenish  distinguish  a  papillary  and  an 
alveolar  variety.  The  former  they  say  starts  in  the  collecting  tubes,  and 
consists  of  gland-like  tubules  and  acini,  studded  internally  with  papillas 
and  lined  with  cylindrical  epithelium.  The  alveolar  form  is  said  to  start 
in  the  convoluted  tubules  and  is  lined  with  epithelium  like  theirs.  It  is 
very  probable  that  these  growths  may  develop  into  carcinomata. 

Cancers  of  the  kidney  are  either  soft  or  hard,  and  lead  to  greater  or 
less  enlargement  of  the  organ;  sometimes  the  enlargement  is  very  great. 
In  the  larger  tumors  the  whole  of  the  renal  epithelium  may  be  destroyed 
by  the  cancerous  growth.     The  latter  may  extend  into  the  pelvis.     The 
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smaller  tumors  affect  only  a  portion  of  the  parenchyma  and  are  often 
fairly  well  marked  off  from  the  sound  tissue.  The  tumors  commonly 
enclose  softened  and  hjemorrhagic  patches,  whence  blood  and  cancerous 
detritus  may  reach  the  urine.  Renal  carcinoma  occurs  at  all  ages,  but  is 
relatively  frequent  in  children.  In  general  it  is  unilateral,  though 
cases  are  recorded  in  which  a  smaller  tumor  has  been  found  in  the  second 
kidney. 

Sarcoma  and  carcinoma  are  not  infrequent  as  secondary  or  metasta- 
tic growths:  they  form  rounded  nodes. 

References  on  myosarcoma: — Eberth,  Virch.  Arch.  vol.  55;  Gohnheim,  ibid. 
vol.  65;  Brodowski,  ibid.  vol.  67;  MiVRCHAND.  ibid.  vol.  73;  Brosin,  ibid.  vol.  96; 
KocHER  and  Langhans,  Dcut.  Zeitschr.  f.  Chir.  ix.;  Landsberger,  Bed.  klin. 
Woch.  1877;  Osler,  Jonrn.  of  Anat.  and  Physiol,  xiv. ;  Huber  and  Bostrom, 
Dent.  Arch.  f.  klin.  Med.  xxni.;  Eve  and  Williams,  Trans.  Path.  Soc.  xxxi. 
(1882):  on  primary  sarcoma — Windle,  Journ.  of  Anat,  and  Physiol,  x^'iii.  (with 
index  of  cases);  Smith,  Amer.  Journ.  med.  sci.  1886. 

On  lipoma  and  'struma': — ^ViRCHOW,  Kranhh.  Geschivfilste  ii.;  Ktjebs,  Handb. 
d.  path.  Anat.;  Sturm,  Arch.  d.  Heilk.  1875;  Sabourin,  Ai^ch.  de  physioL  ix.; 
Grawitz,  Virch.  Arch.  vol.  93;  Ebstein,  Ziemssen's  Cyclop,  xv. ;  Rickards, 
Brit.  Med.  Journ.  2,  1883. 

On  adenoma  and  carcinoma: — RoBiN,  L' epithelioma  du  rein  Paris  1855:  Wal- 
peyer,  Virch.  Arch.  vols.  51,  54;  Klebs,  loc.  cit.;  Perewerseff,  Virch.  Arch. 
vol.  59;  Weigert,  ibid.  vol.  67;  KtJHN,  Deut.  Arch.  f.  klin.  Med.  xvi.;  Sturm, 
Arch.  d.  Heilk.  xvi. ;  Neumann,  Essai  sur  le  cancer  du  rein  Paris  1873;  Rohrer, 
Das  primdre  Carcinom  d.  Niere  In.  Diss.  Zurich  1877,  Virch.  Arch.  vol.  67; 
Weichselbaum  and  Greenish,  Wien.  med.  Jahrb.  1883;  Moore,  Trans.  Path. 
Soc.  XXXI.  (1882);  Report,  Brit.  med.  Journ.  1,  1884. 

557.  Of  the  animal  parasites  inhabiting  the  kidney  Echinococcus 
is  the  most  important.  It  forms  hydatid  cysts  from  the  size  of  a  hazel- 
nut to  that  of  a  child's  head,  with  or  without  daughter-cysts.  The  cysts 
may  burst  into  the  pelvis  of  the  kidney.  When  the  scolices  die  the  cyst 
may  contract,  and  its  contents  become  inspissated  and  cretaceous. 

Oysticercus  cellulosce  aud  Pentastoma  denticulatum  are  very  rare. 
When  the  blood  contains  Filaria  a  number  of  the  parasites  reach  the 
kidney,  lying  both  without  and  within  the  vessels.  Their  presence  in 
tlxe  kidney  and  in  the  thoracic  duct  gives  rise  to  intermittent  hgematuria 
and  chyluria,  the  urine  in  the  latter  case  being  milky  from  the  admix- 
ture of  excessively  fine  oil-globules  (Art.  235). 

Eustrongylus  gigas  and  Bilharzia  or  Distoma  hmmatohium  have 
already  been  alluded  to  (Art.  553).  The  eggs  of  the  latter  when  depos- 
ited in  the  mucous  membrane  of  the  pelvis  or  ureter  excite  inflammation 
resulting  in  ulceration  and  induration.  The  more  superficial  may 
become  encrusted  with  urinary  salts  and  form  sandy  grains  on  the  mu- 
cous membrane. 

When  ulceration  of  the  intestine  aud  of  the  ureter  or  renal  pelvis 
leads  to  the  formation  of  abnormal  communications  between  these  parts, 
round-worms  occasionally  wander  into  the  kidney. 


CHAPTER  LXXIIL 

DISORDERS    OF    THE    BLADDER. 

558.  The  urinary  bladder  is  the  temporary  receptacle  of  the  renal 
secretion.  When  the  urine  is  mingled  with  abnormal  exudations  from 
the  blood-vessels,  or  the  products  of  morbid  change  in  the  kidney  or  its 
pelvis,  these  are  naturally  detained  for  a  certain  time  in  the  bladder.  Of 
the  formed  matters  thus  occurring  in  its  contents  the  following  are  the 
most  important. 

Red  blood-cells  or  their  detritus  come  either  from  the  kidney  or 
from  its  pelvis.  In  the  former  case  they  have  in  general  escaped  from 
the  glomeruli  as  a  result  of  disordered  circulation  (Arts.  523,  527)  or  of 
inflammation  (Art.  544).  They  are  rarely  derived  from  intertubular 
haemorrhage.  Vascular  tumor-growths  in  the  kidney  (such  as  carcinoma 
or  angioma)  may  also  give  rise  to  haemorrhage  and  haematuria. 

When  a  part  of  the  extravated  blood  coagulates  in  the  tubules  the 
urine  contains  dark  and  opaque  granular  ojdinders  containing  blood-cells 
or;  their  remains  and  known  as  blood-casts. 

Haemorrhage  from  the  pelvis  of  the  kidney  is  generally  due  to  inflam- 
mation and  erosion  caused  by  renal  concretions. 

White  blood-cells  appear  in  the  urine  in  inflammatory  conditions  of 
the  kidney  and  its  pelvis,  especially  in  purulent  pyelitis.  In  chronic 
suppuration  they  are  for  the  most  part  fatty  and  disintegrated.  In  tu- 
berculous and  other  necrotic  affections  we  find  bacilli  and  necrotic  detri- 
tus in  the  urine. 

Epithelial  cells  come  from  the  pelvis  and  from  the  collecting  tubes 
of  the  kidney,  perhaps  too  from  the  loops  of  Henle  and  the  intercalary 
tubules.  The  statement  sometimes  made — that  entire  and  unaltered 
epithelial  cells  from  the  convoluted  tubules  escape  into  the  urine — is 
erroneous.  Degenerate  cells  from  the  cortex  and  their  detritus  are  how- 
ever met  with. 

The  pelvic  epithelial  cells  are  polymorphous,  resembling  exactly  those 
of  the  bladder  itself.  The  renal  cells  are  cylindrical  or  cubical:  when 
they  are  in  great  numbers  and  cohere  into  cylinders  we  have  the  so- 
called  epithelial  casts. 

In  rare  cases  cancer-cells  from  a  renal  tumor  are  found  in  •  the 
urine. 


niSORDEKS    OF    THK    BLADDER.  781 

When  albuminous  matters  escape  into  the  tubules  with  the  urine  and 
there  coagulate,  we  have  formed,  as  already  described  (Art.  533),  the 
cylindrical  masses  known  as  tube-casts;  and  some  of  these  are  usually 
washed  out  and  reach  the  bladder.  They  are  either  entirely  colorless 
and  hyaline,  or  granular,  or  waxy  in  appearance  and  tint.  Casts  of  each 
of  these  forms  may  have  adhering  to  them  epithelial  cells  or  their 
detritus  (albuminous  and  fatty  granules),  free  nuclei,  white  and  red 
blood-cells,  granular  deposits  of  urinary  salts,  and  crystals  of  calcium 
urate  or  oxalate. 

When  there  are  bacteria  in  the  urine  some  of  them  may  adhere  to 
the  casts:  it  is  however  to  be  noted  that  the  granular  masses  enveloping 
somo  of  the  casts  have  of  late  been  erroneously  talcen  for  micrococci. 

All  the  urinary  deposits  and  concretions  described  in  Arts.  531  and 
532  are  ultimately  carried  into  the  bladder,  unless  their  size  prevents 
them  passing  through  the  ureter.  Scolices  and  daughter-cysts  occa- 
sionally escape  from  a  renal  hydatid.  And  when  the  ova  of  BUharzia  or 
Filaria  are  deposited  in  the  mucous  membrane  of  the  urinary  tract  we 
are  apt  to  find  both  ova  and  embryos  in  the  urine. 

559.  When  the  urine  has  reached  the  bladder  it  is  liable  to  be 
mingled  with  abnormal  products  derived  either  from  the  diseased  blad- 
der-wall or  the  parts  adjoining,  or  from  the  exterior. 

Blood  is  one  of  the  most  common  admixtures,  and  is  met  with  in 
cases  of  intense  inflammation,  ulceration,  or  engorgement  of  the  wall  of 
the  bladder,  and  in  the  vascular  lesions  accompanying  scurvy,  haemor- 
rhagic  small-pox,  scarlatina,  etc.  Not  infrequently  traumatic  lecions 
such  as  are  caused  by  stone  or  external  violence,  and  tumors  such  as 
papilloma,  sarcoma,  and  cancer,  are  the  cause  of  vesical  haemorrhage. 

Vesical  epitlielium  is  shed  into  the  urine  in  inflammation  (cystitis) 
and  in  cases  of  papillomatous  (so-called  villous)  tumor.  In  the  latter 
instance  villous  fragments  of  the  growth  are  also  occasionally  found. 
Masses  of  cancer-cells  are  frequently  found  in  the  urine  in  cancerous 
ulceration  of  the  bladder. 

In  all  the  forms  of  cystitis  we  find  pus-cells  in  the  urine. 

When  rupture  and  perforation  of  the  bladder-wall  has  taken  place 
matters  of  very  various  kinds  may  reach  its  interior.  A  pelvic  abscess 
may  yield  pus,  and  ulcerating  uterine  carcinoma  putrid  detritus  and 
cancer-cells,  a  rectal  ulcer  or  fistula  fgeces,  a  dermoid  cyst  its  character- 
istic contents,  and  so  on. 

The  most  common  matters  entering  the  bladder  from  without  are 
bacteria,  and  less  frequently  yeast-cells.  If  the  urine  offers  them 
suitable  conditions  for  growth  and  they  are  not  forthwith  removed  from 
the  bladder,  they  proceed  to  multiply;  micrococci  and  sarcinge  do  so 
most  readily,  bacilli  less  frequently. 

Children  and  others  sometimes  pass  solid  objects  (such  as  pencils, 
hair-pins,  straws,  etc.)  through  the  urethra  into  the  bladder,  and  pieces 
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of  catheters  are  occasionally  broken  off  and  lost  in  like  manner.  Now 
and  then  shot  and  bullets  which  have  penetrated  the  surrounding  parts 
are  found  loose  in  the  bladder. 

560.  The  causes  which  give  rise  to  the  formation  of  concretions  in 
the  kidney  and  its  pelvis  may  also  give  rise  to  concretions  within  the 
bladder.  As  we  pointed  out  in  Arts.  531  and  532  acid  and  alkaline  fer- 
mentations of  the  urine  are  frequently  the  cause  of  these  deposits,  in 
other  cases  the  cause  lies  in  the  nature  of  the  food  taken.  l!!^ot  uncom- 
monly however  we  are  unable  to  detect  any  sufficient  cause. 

Very  often  indeed  the  basis  of  a  vesical  calculus  is  a  concretion  which 
has  passed  from  the  pelvis  of  the  kidney  into  the  bladder,  or  a  foreign 
body  introduced  from  without.  On  such  a  basis  solid  deposits  are 
formed,  usually  of  triple  phosphate  and  acid  phosphate  of  calcium.  The 
foreign  bodies  in  fact  set  up  vesical  inflammation  and  the  products  of 
this  undergo  alkaline  decomposition.  Deposits  of  uric  acid  and  urates 
are  much  less  common. 

These  deposits  take  the  form  of  gravel,  or  of  stone.  The  stone  is 
usually  single,  and  sometimes  reaches  a  very  large  size. 

A  stone  is  usually  spherical  or  ovoid,  and  may  be  smooth,  nodular, 
tuberculated,  rough,  or  even  spiny.  When  more  than  one  are  present 
they  are  occasionally  facetted  or  polyhedral.  Some  stones  are  hard, 
some  soft  and  friable.  They  are  often  stratified  or  laminar,  and  made 
up  of  a  number  of  different  substances. 

The  presence  of  a  stone  generally  causes  inflammation  of  the  blad- 
der, occasionally  ulceration  and  haemorrhage.  As  it  irritates  the  bladder 
it  causes  it  to  contract,  and  sometimes  at  the  same  time  hinders  its 
evacuation;  in  this  way  a  stone  often  leads  to  hypertrophy  of  the  blad- 
der-wall. At  times  the  stone  lies  in  a  diverticulum  or  sacculation  of  the 
bladder,  and  may  there  become  impacted. 

Vesical  calculi  are  classified  according  to  their  composition. 

(1)  Uric-acid  and  uratic  calculi.  Pure  uric-acid  stones  are  generally  small 
and  hard,  and  of  a  yellow  red  or  brown  tint.  Uratic  stones  (containing  urates 
of  ammonium  and  magnesium)  are  seldom  pure.  The  superficial  layers  are 
usually  composed  of  calcium  oxalate  and  ammonium-magnesium  (triple)  phos- 
phate. 

(3)  Phosphatic  and  calcareous  calculi.  These  consist  mainly  of  calcium 
phosphate,  or  of  ammonium-magnesium  phosphate.  Stones  consisting  entirely 
of  calcium  carbonate  are  very  rare.  All  these  stones  are  white  or  grayish  white. 
Triple-phosphate  stones  are  soft  and  friable,  the  others  are  hard. 

(3)  Oxalatic  calculi,  consisting  of  calcium  oxalate,  are  hard  and  spiny;  they 
are  browti  in  color. 

(4)  Cystine-calculi  are  soft  brownish-yellow  and  waxy. 

(5)  Xauthine-calculi  are  red,  with  a  smooth  surface  and  earthy  fracture. 

561.  Inflammation  of  the  bladder  or  cystitis  is  in  most  cases  caused 
by  the  presence  of  irritant  matters  in  the  urme  (Arts.  558-560),  whether 
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due  to  morbid  admixturs  or  to  decomposition;  it  may  also  be  a  result  of 
traumatic  injury,  or  of  irritant  impurities  in  the  blood. 

Catarrhal  cystitis  is  characterized  by  the  occurrence  of  shed 
epithelium,  pus-celis,  mucus,  and  generally  red  blood-cells,  in  the 
urine,  lu  recent  cases  the  mucous  membrane  appears  but  little  altered. 
When  the  secretion  is  purulent  the  membrane  is  covered  with  a  film  of 
pus,  and  is  sometimes  very  much  swollen.  When  hjemorrhage  has 
occurred  the  surface  is  of  a  uniform  gray  tint,  or  mottled  with  gray  black 
and  reddish-brown  patches.  If  the  inflammation  has  extended  to  the 
submucous  and  muscular  coats,  so  that  these  are  infiltrated,  the  whole 
wall  becomes  more  or  less  thickened.  In  extreme  cases  the  serous  or 
peritoneal  surface  may  be  stained  with  bloody  or  slaty-gray  patches,  and 
at  length  purulent  or  putrid  exudations  may  make  their  appearance  in 
the  subperitoneal  tissue  (pericystitis)  and  on  the  peritoneum  itself. 
This  of  course  happens  only  in  very  intense  suppurative  or  septic  inflam- 
mations, such  as  are  set  up  by  septic  (bacterial)  decomposition  of  the 
contents  of  the  bladder. 

Certain  irritants,  such  as  cantharidin,  lead  from  the  outset  of  the 
aflfection  to  superficial  sloughing  of  the  epithelium,  which  becomes 
detached  in  the  form  of  necrotic  flakes  and  shreds.  Such  infective  dis- 
orders as  measles,  scarlatina,  typhoid,  septicaemia,  etc,  are  occasionally 
accompanied  by  superficial  diphtheritic  desquamations  in  the  form  of 
isolated  yellowish  patches;  in  other  instances  the  exudation  is  croupous. 

When  the  urine  becomes  ammoniacal  and  putrid  the  epithelial  layers, 
the  connective  tissue  of  the  mucosa  and  submucosa,  and  even  the  mus- 
cular coat  may  in  parts  become  necrosed  and  ulcerated,  and  at  length 
gangrenous  and  putrid.  In  this  way  ulceration,  gangrene,  and  abscess 
of  the  bladder- wall  are  developed,  and  ultimately  perforation  may  occur 
at  one  or  more  points,  with  the  result  of  secondary  suppuration  and 
necrosis  in  the  neighboring  tissues. 

In  the  severer  forms  of  cystitis  the  mucous  surface  is  frequently  rough 
and  sandy  with  incrusted  salts,  chiefly  triple-phosphate. 

As  we  have  already  pointed  out  (Art.  553)  inflammation  of  the  blad- 
der may  extend  to  the  ureters  and  the  kidney,  especially  when  there  is 
retention  of  urine  ('  surgical  kidney  '). 

In  ciironic  cystitis  fibrous  hyperplasia  of  the  coats  of  the  bladder, 
with  true  hypertrophy  of  its  muscular  coat  (Art.  563),  is  a  common 
occurrence.  • 

Tuberculosis  of  the  bladder  begins  with  the  formation  of  gray  nodules 
surrounded  by  a  zone  of  hypersemia;  these  enlarge  and  turn  yellow,  and 
sooner  or  later  break  down  into  ulcers.  The  ulcers  have  a  cheesy  infil- 
trated floor  and  their  borders  are  hypersemic.  They  increase  in  size  by 
progressive  marginal  disintegration  and  by  coalescence,  and  in  this  way 
are  formed  large  sinuous  ulcerations,  involving  a  considerable  part  of  the 
mucosa  and  submucosa.     Vesical  tuberculosis  is  usually  accompanied  by 
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tuberculosis  of  the  pelvis  of  the  kidney  (Art.  550)  or,  in  the  male,  of  the 
genital  apparatus:  it  is  indeed  probable  that  the  process  starts  in  some 
part  of  the  latter  system. 

The  mucous  membrane  of  the  urinary  tract,  and  especially  that  of 
the  bladder,  frequently  contains  a  number  of  small  aggregations  of 
lymphadenoid.  tissue,  and  in  catarrhal  cystitis  these  become  perceptibly 
swollen.  They  then  look  very  much  like  tubercles,  especially  when  they 
are  surrounded  by  a  hypersemic  zone. 

Long-continued  engorgement  of  the  vesical  blood-vessels  leads  to 
varicose  dilatations  of  the  veins,  chiefly  those  near  the  neck  of  the  blad- 
der. They  are  sometimes  referred  to  as  yesical  haBmorrhoids,  and 
now  and  then  obstruct  the  evacuation  of  the  bladder  or  give  rise  to 
haemorrhage. 

Amyloid  degeneration  of  the  vesical  mucous  membrane  is  not 
rare,  but  as  a  rule  it  is  not  apparent  without  the  aid  of  the  microscope. 
In  very  rare  iustances  the  amyloid  deposits  may  lead  to  induration  of  the 
mucosa  and  submucosa. 

References  : — ViacHOW,  Krankhafte  Geschwulste  li. ;  Ebstein,  Ziemssen's 
Cyclop.  XV. ;  Klebs,  Handb,  d.  path.  Anat.  i. ;  Maas,  Krankh.  d.  Blase  {Konig's 
Handb.  d.  Chirurgie);  Chavasse,  Etude  sur  la  tuberculose  des  organes  urinaires 
Paris  1872;  VoisiN,  Tuberculose  des  organes  geaito  urinaires,  Bulletin  de  la  soc. 
anat.  de  Paris  Xhix.  (1874);  Kirmisson,  Cystite,  ibid.  L.  (1875);  Durand,  Cystite 
chronique,  ibid.  Lil.  (1877);  Steinthal,  Virch.  Arch.  vol.  100;  Du  Casal,  Cystite 
chronique,  Oaz.  hebd.  demed.  1877;  W.  Roberts,  Brit.  Med.  Joum.  2, 1881;  Har- 
rison, Internal,  encyclop.  of  surgery  vi.  London  1886. 

562.  The  commonest  of  the  tumors  of  the  bladder  is  the  so-called 
'  villous  cancer'  or  vascular  papillomatous  fibroma.  It  consists  of  a 
number  of  long  and  slender  villi  or  papillary  growths,  springing  from  a 
comparatively  narrow  base:  each  villus  consists  of  a  delicate  stroma  con- 
taining wide  and  thin  walled  vessels  and  covered  with  stratified  epithe- 
lium. The  growth  does  not  extend  into  the  deeper  layers  of  the  mucous 
membrane,  and  sometimes  attains  the  size  of  a  small  apple.  It  is  single 
or  multiple,  and  is  usually  situated  towards  the  base  of  the  bladder  not 
far  from  the  neck,  so  as  sometimes  to  obstruct  the  channel  during  mic- 
turition. The  vessels  and  the  stroma  being  alike  delicate  and  fragile, 
the  tumor  is  very  apt  to  bleed  and  may  thus  prove  very  dangerous  to  the 
patient.  From  time  to  time  fragments  of  the  vilK  are  detached  and 
passed  with  the  urine.  The  growth  is  not  malignant  and  should  not  be 
described  as  a  *  cancer.' 

Primary  carcinoma  of  the  bladder  is  a  very  rare  growth;  it  occurs 
both  in  men  and  women  and  takes  the  form  of  a  nodular  or  fungous  or 
papillary  tumor,  at  times  extending  over  a  considerable  part  of  the 
bladder,  and  penetrating  the  submucous  and  even  the  muscular  coat. 
The  cancerous  infiltration  may  thence  extend  into  neighboring  parts. 
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Secondary   carcinoma  is  more  frequently  met  with,  the   infection 
reaching  the  bladder  from  the  uterus,  vagina,  rectum,  or  prostate. 
Other  neoplasms  of  the  bladder  are  very  rare  indeed. 

Langhans  recently  described  a  case  of  vesical  angioma  (Virch.  Arch.  vol.  86); 
GussENBAUEu(^rc/i.. /.  kUn.  Chir.  xviil.)  and  Volkmann  (ibid,  xix.)  cases  of  my- 
oma, ScHATZ  {Arch.  f.  Oyndk.  x.)  of  fibrorayxoma,  Posner  (Berl.  klin.  Woch. 
1883)  of  primary  carcinoma.  See  also  Stein,  Tumors  of  the  bladder  Philadelphia 
1881,  New  York  Med.  Bee.  1835  (with  references  to  the  recorded  cases). 

563.  Dilatation  of  tlie  bladder  takes  place  when  its  evacuation  is 
interfered  with  through  occlusion  or  stricture  of  the  urethra  or  paralysis 
of  the  muscular  wall  of  the  bladder  itself.  When  the  evacuation  is  ren- 
dered difficult,  or  when  frequent  contraction  of  the  bladder  is  induced 
by  the  stimulus  of  a  stone,  the  muscular  coat  may  hypertrophy.  The 
wall  becomes  thickened  and  the  overgrown  muscle-bundles  stand  out 
from  the  inner  surface  in  a  reticulum  of  bands  or  fasciculi. 

Diverticuli  are  produced  either  by  the  simultaneous  sacculation  of 
all  the  coats,  or  by  the  protrusion  of  the  mucous  and  submucous  coats 
through  the  meshes  of  the  fasciculated  muscular  coat.  These  divertic- 
ula are  seldom  larger  than  a  Avalnut.  They  frequently  are  the  seat  of 
concretions,  and  sometimes  are  first  caused  by  the  pressure  of  a  calculus. 

Displacements  of  the  bladder  are  rare,  though  occasionally  a  part 
of  the  viscus  prolapses  into  a  hernial  sac.  The  base  of  the  bladder  may 
also  fall  down  into  the  vagina  (vaginal  cystocele),  or  the  posterior  wall 
may  prolapse  through  the  dilated  female  urethra  and  appear  at  the  ex- 
ternal orifice. 

Rupture  of  the  bladder  results  from  traumatic  injury,  excessive  dis- 
tention, or  morbid  change  in  the  wall.  Rupture  into  the  peritoneum 
usually  leads  to  fatal  peritonitis.  After  perforations  into  the  pelvic  cell- 
ular tissue  urinary  infiltration  takes  place,  leading  to  gangrene  or  sup- 
puration in  the  tissue  invaded.  Ulceration  or  local  necrosis  sometimes 
leads  to  the  opening  of  abnormal  communications  between  the  bladder 
and  the  vagina,  uterus,  rectum,  or  external  cutaneous  surface.  These  are 
called  urinary  fistulse,  and  are  kept  open  by  the  constant  escape  of 
urine  through  them. 
6 


CHAPTER    LXXIV. 

MORBID    CHANGES  IN  THE  URETHRA. 

564.  The  inflammations  of  the  urethra  correspond  generally  with 
those  of  other  mucous  membranes.  Croupous  and  diphtheritic  inflamma- 
tions are  rare,  but  catarrh  is  very  frequently  met  with.  The  most  im- 
portant form  of  catarrh  is  gonorrh(ea,  which  is  set  up  by  a  specific 
micrococcus  (Neissee,  Haab,  Maeti^t).  The  micrococcus  is  conveyed 
to  the  urethra  in  the  secretion  from  another  mucous  membrane  affected 
with  gonorrhoea,  and  multiplying  sets  up  an  inflammation  characterized 
by  its  purulent  catarrhal  exudation,  which  is  yellowish  or  greenish-yellow 
and  sometimes  slightly  blood-stained.  The  inflammation  may  extend 
from  the  urethra  to  other  parts  of  the  urinary  tract  and  to  the  neighbor- 
ing genital  organs,  and  ultimately  affect  (by  metastasis)  remote  regions 
like  the  joints,  as  in  gonorrhcsal  rheumatism. 

The  inflammation  may  also  extend  in  the  urethra  from  the  mucous  to 
the  submucous  strata,  and  thence  to  the  periurethral  connective  tissue 
and  the  lymphatics. 

It  usually  ends  in  recovery,  though  in  places  it  may  lead  to  ulceration 
and  abscess,  to  fibrous  hyperplasia,  corrugation  and  thickening  of  the 
mucous  membrane,  or  cicatricial  contraction.  These  are  most  common 
in  chronic  cases  (gleet,  goutte  militaire). 

Other  forms  of  urethral  inflammation  are  the  soft  chancre  or  chan- 
croid (Art.  391),  the  hard  chancre  or  initial  sclerosis  of  syphilis  (Art. 
391),  and  lupous  and  tuberculous  disease.  Ulceration  is  frequent  be- 
hind the  site  of  strictures,  and  it  readily  extends  to  the  urethra  from 
prostatic  ulcers.  When  the  ulceration  goes  deeply  fistulous  tracts  may 
be  formed,  leading  to  urinary  infiltration  of  the  surrounding  tissue  and 
ultimately  to  abscesses  and  permanent  urinary  fistulas.  In  the  male 
these  fistulae  have  sometimes  a  very  irregular  almost  labyrinthine  course, 
and  open  either  on  the  exterior  or  into  the  rectum. 

A  not  uncommon  after-effect  of  chronic  inflammation  is  the  de- 
velopment of  polypous  and  papillary  growths,  such  as  the  ^  cauliflower 
excrescences'  {condylomata  acuminata)  or  'caruncles'  which  appear 
round  the  orifice  of  the  urethra  in  women. 

Varices,  resembling  rectal  hgemorrhoids,  are  sometimes  formed  at 
the  site  last-named  in  consequence  of  long-continued  inflammatory 
hyperaemia. 
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The  most  common  tumors  affecting  the  female  urethra  are  sarcoma, 
myxoma,  fibroma,  and  carcinoma.  Fibroma  gives  rise  to  nodes  and 
nodules,  or  to  vascular  papillomatous  growths.  In  males  cancer  of  the 
prostate  or  of  the  glans  penis  frequently  attacks  the  urethra.  Small 
cysts  of  retention  are  occasionally  formed  in  the  mucous  glands  of  the 
female  urethra. 

Stricture  of  the  urethra  is  proximately  due  to  inflammatory  swelling 
of  the  mucous  membrane,  to  nodular  or  diffuse  unilateral  or  annular 
fibrous  hyperplasia,  to  cicatrices,  to  valvular  folds  of  membrane,  or  to 
polypus  growths.  G-onorrhceal  iuilammation  and  traumatic  injury  are 
the  most  common  excitimg  causes.  Inflammatory  strictures  are  oftenest 
seated  in  the  membranous  and  in  the  contiguous  spongy  part  of  the 
canal.  In  old  men  the  eularsed  prostate  frequently  obstructs  and 
even  occludes  the  urethra.  In  infants  and  young  children  the  colliculus 
seminalis  is  sometimes  so  excessively  developed  as  to  interfere  with  mic- 
turition. 

Traumatic  rupture  of  the  urethra  arises  in  various  ways;  a  very 
common  cause  is  careless  catheterization  by  which  'false  passages*  are 
produced.  They  are  usually  situate  at  the  deeper  end  of  the  canal, 
and  either  end  blindly  or  lead  into  the  urethra  again  or  into  the  bladder. 

Such  ruptures  give  rise  to  urinary  infiltration  and  abscess,  or  to 
fistula?  surrounded  by  dense  fibrous  tissue  and  partially  lined  with  epi- 
thelium. 

References  ou  the  micrococcus  of  gonorrhcea  \gonococcus): — Neisser,  Cent.  f. 
vied.  Wiss.  '2S.  1ST9,  Dent.  med.  Woch.  20.  iSSi:  Bokai.  Pesf.  med.-chir.  Prvsse 
18S0:  Chetne,  Brif.  Med.  Joiirn.  2,  18S0:  Haab,  Cornr.*i\  /.  Schweizer  Aerzie 
ISSl.  Der  Mikrokokk-us  d.  Blenorrh.  neonatorum  {Horner's  Fests^rift  ISSI); 
Krause.  Cent.  f.  prakt.  AiigenJieiJk.  1SS2:  Marthj.  Reeherdies  swr  les  injiam. 
metast.  suppur.  ci  la  suite  de  la  gonorrhee  Geneva  1$^2;  Bookhart.  Vterteljahrs- 
schr,  f.  Derm.  u.  Si/ph.  ISSo;  STERXBERa.  Philad.  Med.  Xeirs  iSSo-S^;  TVelax- 
DER,  Gi.13,  med,  de  Paris  1SS4;  Lomf.b,  Deui,  Mdd.  Woch,  13SS. 
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MORBID  CHANGES  IN  THE  SUPRARENALS. 

565.  Malformations  of  the  suprarenals  are  not  common:  though 
sometimes  there  are  more  than  two  or  there  are  small  accessory  bodies  of 
like  structure;  or  on  the  other  hand  they  are  imperfectly  developed  or 
absent  altogether.  The  latter  is  usually  the  case  only  when  other  mal- 
formations of  the  viscera  are  present. 

Fatty  degeneration  is  a  normal  phenomenon  in  the  adult;  it  is  ap- 
parent chiefly  in  the  cells  of  the  cortical  layer,  which  thereby  acquire  a 
pale-yellow  tint. 

Amyloid  change  of  the  blood-vessels  is  not  infrequent  as  an  accom- 
paniment of  amyloid  disease  in  other  organs;  it  may  give  rise  to  indura- 
tion. 

Pigmentation  is  a  very  common  occurrence  in  old  age,  affecting 
chiefly  the  deeper  layers  of  the  cortex.  The  cells  are  either  of  a  uniform 
yellow  tint  or  beset  with  pigment-granules. 

Haeraorrhage  is  somewhat  uncommon,  though  cases  occur  in  which 
the  extravasation  is  so  great  as  to  cause  the  organ  to  swell  enormously. 
It  is  then  due  either  to  mechanical  injury,  or  to  vascular  disorder.  ViR- 
CHOW  describes  an  acute  hsemorrhagic  form  of  inflammation  of  the 
suprarenals. 

Inflammation  of  the  suprarenals  is  not  frequently  observed,  though 
it  does  occur  in  various  forms.  Thus  in  acquired  and  in  hereditary 
syphilis  cellular  inflltrations  and  gummatous  inflammations  are  described. 
And  in  other  cases  inflammation  ending  in  suppuration  or  in  cicatricial 
induration  has  been  noted. 

The  commonest  as  well  as  the  most  important  variety  of  inflammation 
is  that  which  terminates  in  easeous  and  fibroid  degeneration  of  the 
gland:  in  most  cases  it  is  apparently  of  a  tuberculous  nature.  The 
suprarenals  are  more  or  less  enlarged,  the  capsule  thickened  and  adherent 
to  the  neighboring  structures.  The  surface  is  either  smooth  or  nodular 
and  mishappen:  on  section  the  parenchyma  appears  in  great  part  replaced 
by  dense  fibrous  tissue  enclosing  caseous  foci  of  various  sizes.  These 
latter  may  contract  or  be  absorbed,  whereupon  the  organ  becomes  dis- 
torted and  shrunken;  in  other  instances  they  become  calcified.  The 
disease  is  usually  bilateral.     Sometimes  abscesses  are  formed. 

The  tumor  oftenest  observed  in  the  suprarenals  is  that  described  by 


MORBID    CHANGES    IN    THE    SUPRAEENAL8.  789 

ViRCHOW  as  struma  Upomatosa  suprarenalis:  it  is  a  nodular  growth 
consisting  essentially  of  fatty  glandular  tissue.  Carcinoma  and  sarcoma 
also  occur,  the  latter  often  reaching  a  very  large  size. 

Suprarenal  cysts  have  also  been  described  by  various  observers.  They 
are  formed  either  by  the  softening  of  haemorrhagic  patches,  or  by  the 
dilatation  of  the  cortical  acini  (Klebs).  These  true  cysts  must  not  be 
confounded  with  the  cavities  very  frequently  observed  in  the  glands, 
which  are  due  to  post-mortem  softening  of  the  inner  layers  of  the  cortex. 
The  Echinococcus  is  the  only  animal  parasite  met  with  in  the  supra- 
renals. 

Disease  of  the  suprarenals,  especially  the  caseous  fibroid  degeneration,  is  often 
accompanied  by  bronzing  of  the  skin  {cutis  cenea)  and  buccal  mucous  mem- 
brane, and  by  a  profound  and  fatal  cachexia.  Tlie  pigmentation  is  sometimes 
uniform  and  diffuse,  sometimes  in  patches  and  streaks.  The  bronzing  and  the 
cachexia  are  supposed  to  depend  on  the  suprarenal  lesion;  the  affection  being 
referred  to  as  melasma  suprarenale  or  Addison's  disease.  In  many  cases 
changes  in  the  abdominal  sympathetic  nerves  and  ganglia  have  been  observed. 
No  satisfactory  explanation  of  the  relation  of  the  several  phenomena  has  yet  been 
given. 

References: — Addison,  On  the  constitutional  and  local  effects  of  disease  of  the 
suprarenal  capsules  London  1855,  reprint  (NewSyd.  Soc,  1868);  Hecker,  Monats- 
sehr.  f,  Gehurtskunde  xxxiii.  (1869);  Virchow,  Krankh.»Geschwillsten.;  Klebs, 
Path.  Anat.  i.;  Averbeck,  Die  Addison'' sche  Krankheit  Erlangen  1869;  Wolf, 
Berl.  klin.  Woch.  1869;  Greenhow,  Croonian  lectures  London  1875,  Trans.  Path. 
Soc.  (many  papers),  Trans,  inter,  med.  congress  ii.  London  1831;  Burger,  Die 
Nebenniere  u.  d.  Morbus  Addisonii  Berlin  1888;  Chiari,  Wien.  med.  Presse  xxi. 
(1880);  Fleischer  and  Penzoldt,  Deut.  Arch.  f.  klin.  lied.  xxvi.  (1880);  Huber, 
ibid.  IV.;  Goodhart,  Atlas  of  Pathology  (New  Syd.  Soc.)  London  1879,  Trans. 
Path.  Soc.  xxxin.  1882;  Da  Costa  and  Longstreth,  Amer.  Journ.  med.  sciences 
July  1880;  Saundby,  Brit.  Med.  Journ.  1,  1883;  Barlow  and  Coupland,  Trans. 
Path.  Soc.  XXXVI.  1885. 

Marchand  {Virch.  Arch.  vol.  93)  has  recently  pointed  out  that  accessory  supra- 
renals are  not  uncommonly  to  be  found  in  the  broad  ligament  near  the  ovary. 
On  suprarenal  tissue  in  and  about  the  kidney  see  Art.  556. 


SECTION  X. 
THE    EESPIEATOBT    OKGAITS. 


CHAPTER   LXXYL 

INTRODUCTORY. 

566.  The  organs  of  respiration  fall  naturally  into  two  groups  dis- 
tinguished by  diiferences  both  of  structure  and  of  function.  The  one 
includes  the  lungs,  in  which  chemical  interchanges  between  the  blood 
and  the  air  are  effected;  the  other  is  the  system  of  air-passages  by 
which  the  lungs  are  placed  in  communication  with  the  exterior. 

The  air-passages  include  the  nose,  larynx,  trachea,  and  bronchi. 
From  the  point  of  view  of  morbid  anatomy  these  are  regarded  simply  as 
cavities  lined  with  mucous  membrane,  and  the  morbid  changes  they 
undergo  are  conditioned  chiefly  by  changes  in  this  membrane.  Certain 
parts  of  this  system  of  passages  perform  functions  other  than  that  of  air- 
conduction — for  instance,  the  nasal  mucous  membrane  contains  the  peri- 
pheral olfactory  apparatus,  and  the  larynx  the  mechanism  of  voice — but 
the  fact  affects  but  little  the  pathological  relations  of  these  parts.  These 
functions  involve  the  presence  of  certain  structures  in  the  epithelial  wall 
of  the  air-passages,  and  these  are  sometimes  secondarily  (sometimes  also 
primarily)  affected  when  the  latter  is  morbidly  altered. 

The  general  considerations  set  forth  in  Section  VI.  (Arts.  414-4.31) 
are  accordingly  in  the  main  directly  applicable  to  the  case  of  the  mucous 
membranes  of  the  nose,  larynx,  trachea,  and  bronchi. 

The  pathological  relations  of  the  lungs  themselves  {i.  e.  of  the  respira- 
tory tissues)  are  however  of  an  essentially  different  iiind.  The  peculiar 
structure  of  this  part  of  the  respiratory  apparatus  gives  a  special  and 
peculiar  character  to  its  morbid  anatomy  and  to  the  clinical  course  of 
the  diseases  affecting  it. 

The  disorders  of  the  respiratory  organs  are  for  the  most  part  due  to 
deleterious  influences  affecting  their  tissues  through  the  medium  of  the 
respired  air.  The  affections  which  are  traceable  to  disturbances  of  the 
circulation  or  to  alterations  in  the  blood  are  however  by  no  means  in- 
significant. Affections  due  to  extension  of  morbid  processes  from  con- 
tiguous parts  are  comparatively  infrequent. 


CHAPTER  LXXVII. 

THE  NASAL  CAVITIES. 

567.  Congenital  malformations  of  the  nose  which  are  at  all  extreme 
are  met  with  only  in  combination  with  other  malformations  of  the  face. 
Thus  in  Cyclopia  (Art.  7)  the  nose  may  be  wanting  or  represented  by 
a  snout-like  projection  beneath  the  single  orbit.  Minor  anomalies  are — 
the  absence  of  some  of  the  nasal  muscles,  defects  of  the  septum,  of  the 
ethmoid,  or  of  the  nasal  bones,  constriction  or  closure  of  the  posterior 
nares,  obliquity  or  distortion  of  the  septum,  and  clefts  of  the  alse  nasi  or 
of  the  floor  of  the  nostrils.  The  latter  occur  in  connection  with  cleft- 
palate  and  cleft-face  (Art.  8). 

Haemorrhage  from  the  nasal  mucous  membrane  (epistaxis)  is  very 
common,  and  may  be  due  either  to  diapedesis  or  to  rupture  of  blood- 
vessels. In  many  persons  epistaxis  is  habitual:  in  others  it  occurs  most 
frequently  in  connection  with  the  hgemorrhagic  diathesis,  and  in  various 
infective  diseases,  menstrual  disorders,  venous  engorgement,  inflamma- 
tory conditions,  etc. 

Inflammation  of  the  nasal  mucous  membrane  (rhinitis)  is  one  of  the 
commonest  affections.  It  usually  takes  the  form  of  a  mucous  or  purulent 
catarrh  (Art.  420);  the  croupous,  diphtheritic,  phlegmonous,  and 
ulcerative  varieties  are  much  less  common. 

Acute  nasal  catarrh  is  spoken  of  as  coryza,  and  may  result  from 
a  great  variety  of  causes,  such  as  cold,  inhalation  of  irritant  matters, 
micro-organismi-,  etc. 

i'hronic  nasal  catarrh  occurs  chiefly  in  persons  who  are  scrofulous, 
phthisical,  or  syphilitic:  it  is  comparatively  rare  in  persons  otherwise 
healthy.  Sometimes  it  results  in  thickening,  sometimes  in  thinning  or 
even  atrophy,  of  the  mucous  membrane.  In  the  latter  case  the  nasal 
cavity  appears  abnormally  large,  and  its  walls  secrete  a  yellowish  or  green- 
ish pus  which  undergoes  putrid  decomposition  and  gives  rise  to  a  foetid 
odor  (ozaena  simplex)  and  to  the  formation  of  dirty  greenish  crusts  and 
scales.  Frankel  points  out  that  in  this  form  of  atrophy  the  Bowman's 
glands  disappear,  and  it  is  very  probable  that  the  alteration  in  the  nasal 
secretion  thereby  occasioned  makes  it  possible  for  septic  organisms  to 
lodge  in  the  mucous  membrane.  In  many  chronic  cases  the  bone 
underlying  the  mucous  membrane  likewise  undergoes  atrophic  change. 
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Frankel  thus  speaks  of  simple  ozasna  as  rhinitis  chronica  atrophica 
fcstida. 

Croupous  and  diphtheritic  inflammation  of  the  nose  is  usually  sec- 
ondary to  the  like  affection  in  the  throat  (Arts.  423-426).  Phlegmonous 
inflammation  (Art.  427)  is  usually  due  to  extension  from  neighboring 
parts,  though  it  is  sometimes  confined  to  the  nose. 

Ulcerative  inflammation  is  in  most  cases  due  to  syphilis  (Art.  429)  or 
to  glanders  (Art.  430).  Lupous  {Kvi.  392),  tuberculous  (Art.  428),  and 
leprous  (Art.  430)  infiltration  and  ulceration  are  also  met  with,  but 
they  are  rare.  The  syphilitic  and  tuberculous  affections  of  the  nose 
frequently  begin  in  the  periosteum  of  the  nasal  bones  and  give  rise  to  more 
or  less  extensive  destruction  of  the  osseous  tissue. 

All  the  inflammatory  affections  of  the  nose  may  extend  by  continuity 
to  the  cavities  and  sinuses  connected  with  it  and  there  take  on  a  more 
or  less  independent  character,  the  cavities  becoming  filled  with  mucous 
or  purulent  secretion.  From  the  frontal  or  ethmoidal  sinuses  the  in- 
flammation may  extend  into  the  interior  of  the  cranium  and  so  give  rise 
to  meningitis. 

References  on  ozasna: — Huppert,  Begriff  und  Ursachen  der  Ozcena  In.  Diss. 
Strasburg  1879;  B.  Frankel,  Ziemssen's  Cyclop,  iv. ;  Michel,  Krankh.  d.  Nasen- 
Jiohle  und  d.  Nasenrachenraumes  Berlin  1876;  E.  Frankel,  Virch.  Arch.  vols.  79, 
87,  90;  Hartmann,  Deutsche  med.  Woch.  13.  1878;  Gottstein,  Breslauer  drztl. 
Zeitschr.  17,  1879;  Krause,  Virch.  Arch.  vol.  85,  Trans,  internat.  med.  congress 
in.  London  1881;  B.  Robinson,  Nasal  Catarrh  New  York  1880;  Franks,  Dublin 
Journ,  med.  science  1881,  1882;  Martin,  De  I'ozene  vrai  These  de  Paris  1881; 
MoRELL  Mackenzie,  Diseases  of  the  throat  and  nose  ii,  London  1884  (with  full 
references),  Lowenberg,  Deut.  med.  Woch.  1885. 

References  on  nasal  lupus: — Hebra  and  Kaposi,  Diseases  of  the  skin  iv.  (New 
Syd.  Soc.)  London  1875;  Moinel,  ie  lupus  scrofuleux  des  fosses  nasales  Paris 
1877. 

References  on  nasal  tuberculosis: — Weichselbaum,  Allg.  Wiener  med.  Zei- 
tung  27  and  28,  1881;  Tornwaldt,  Deut.  Arch.  f.  Ohrenheilk.  x.,  Deut.  Arch.  f. 
klin.  Med.  xxvii. ;  Bresgen,  Der  chron.  Nasen-  und  Rachencatarrh  Vienna  1883; 
ZucKERKANDL,  Norm.  u.  path.  Anat.  d.  Nasenhohle  u.  ihrer  pneum.  Anhdnge 
Vienna  1882;  Demme,  Berl.  klin.  Woch.  1883  (states  that  tuberculosis  may  attack 
the  nose  primarily);  Volkmann,  Samml.  klin.  Vortrdge  168,  169. 

References  on  phlegmonous  inflammation  of  the  nasal  cavities: — Weichsel- 
baum, Wiener  med.  Jahrb.  1881;  Kowis,  Gerhardt's  Handb.  d.  Kinderkr.  ni.; 
B.  Frankel,  Ziemssen's  Cyclop,  iv. 

568.  The  nasal  mucous  membrane  is  not  infrequently  the  seat  of 
hyperplastic  growths  and  of  tumors,  due  partly  to  chronic  inflammation, 
partly  to  unrecognized  causes.  They  take  the  form  of  polypous  excres- 
cences and  are  usually  referred  to  as  nasal  polypi. 

Soft  or  mucous  polypi  resemble  the  mucous  membrane  in  structure, 
but  are  somewhat  more  cellular.  Sometimes  the  included  mucous  glands 
are  dilated  into  cysts  (cystic  polypi)  especially  in  the  antrum  of  High- 
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more,  or  these  glands  are  enlarged  and  multiplied  as  in  glandular  or 
adenomatous  polypi,  or  traversed  by  numerous  thin-walled  blood-vessels 
(telangiectatic  polypi  or  '  erectile  '  tumors). 

Other  polypi  consist  of  oedematous  connective  tissue  and  mucoid  tis- 
sue, and  are  therefore  classed  as  fibromata  and  myxomata.  They  are 
more  translucent  than  the  former,  and  are  usually  of  a  yellowish  tint, 
the  mucous  polypi  being  gray  or  grayish-red. 

Sarcoma,  dense  fibroma,  osteofibroma,  chondroma,  osteoma,  car- 
cinoma, and  mixed  tumors  of  the  connective-tissue  group,  have  been  met 
with  in  the  nose.  Many  of  these  start  not  in  the  mucous  membrane  but 
in  the  periosteum  of  the  nasal  bones.  The  connective-tissue  tumors, 
especially  those  originating  in  the  periosteum,  may  reach  a  considerable 
size,  distending  the  cavity  in  which  they  grow,  sometimes  protruding 
from  the  anterior  and  posterior  nares,  and  much  distorting  the  face. 

Carcinoma  of  the  nose  is  most  frequently  met  with  about  the  an- 
terior nares  and  is  therefore  to  be  classed  with  the  cutaneous  forms  of 
cancer.  The  cancers  which  originate  in  the  mucous  membrane  take  the 
form  of  irregularly  nodulated  growths,  which  sooner  or  later  ulcerate. 

Rhinoliths  are  calcareous  concretions,  formed  as  a  rule  round  some 
foreign  body  which  has  become  impacted  in  the  nasal  cavity.  In  rare 
instances  they  are  due  to  the  inspissadon  of  nasal  secretions. 

Maggots  or  larvae  are  sometimes  hatched  in  the  nose  from  eggs  de- 
posited by  various  species  of  Diptera.  They  may  give  rise  to  extensive 
inflammation  and  sloughing.  (See  Morell  Mackenzie,  Diseases  of 
the  throat  and  nose  ii.  London  1884.)  Of  vegetable  parasites  bacteria 
and  the  8accharomyces  albicans  are  the  coinmonest.  The  former  are 
usually  innocuous,  though  in  certain  cases,  as  in  ozaena,  they  set  up 
decomposition  in  the  nasal  secretions.  In  tuberculosis  and  in  glanders 
the  characteristic  bacilli  are  found. 

References  on  nasal  tumors: — Virchow,  Krankhafte  Geschwulste  i.,  in.;  Bill- 
roth, Ueber  den  Bau  der  Schleimpolypen  1855;  Mathieu,  Les  polypes  muqueux 
These  de  Paris  1875;  Thudichum,  Polypus  in  the  nose  London  1877;  Durham, 
Holmes's  Syst.  of  surgery  ii.  London  1883;  Kohts,  Gerhardfs  Handb.  d.  Kinder- 
hrankh.  lu.;  Hopmann,  Virch.  Arch.  yo\.  ^3,  Wien.  med.  Presse  1883;  Zucker- 
KANDL,  Norm.  u.  path.  Anat.  d.  Nasenhohle  Vienna  1883;  Lefferts,  Internat. 
encyclop.  of  surgery  v.  London  1885;  Morell  Mackenzie,  Diseases  of  the 
throat  and  nose  ii.  London  1884:  the  last  two  give  many  references  to  published 
cases. 


CHAPTER  LXXYIII. 

THE  LARYNX. 

569.  Malformations.  Entire  absence  of  the  larynx  is  very  rare  as 
a  congenital  anomaly;  it  is  met  with  only  in  amorphous  and  acephalous 
acardiac  monsters  in  whom  the  lungs  are  undeveloped  (Art.  13).  Con- 
genital defects,  as  of  the  epiglottis  or  of  part  or  the  whole  of  one  of  the 
laryngeal  cartilages,  are  much  commoner.  Asymmetry  and  abnormal 
largeness  or  smallness  of  the  larynx  are  also  met  with:  abnormal  small- 
ness  frequently  accompanies  aplasia  of  the  testicle  or  early  castration. 
Sometimes  the  laryngeal  cartilages  are  abnormal  in  number,  and  the 
epiglottis  more  or  less  deeply  cleft.  The  ventricles  of  the  larynx  or 
sinuses  of  Morgagni  are  not  uncommonly  of  abnormally  great  capacity, 
and  occasionally  we  find  extra-laryngeal  pouches  communicating  with 
them.  This  anomaly  is  of  special  interest,  inasmuch  as  it  is  a  normal 
feature  in  the  Quadrumana. 

Of  acquired  deformities  laryngeal  stenosis  is  the  most  noteworthy. 
It  may  be  due  to  pressure  from  without,  but  more  commonly  to  disease 
of  the  larynx;  for  example,  to  inflammation  by  which  the  mucous  mem- 
brane becomes  swollen  and  covered  with  a  solid  exudation  or  undergoes 
cicatricial  contraction,  or  to  the  growth  of  intra-laryngeal  tumors. 
Functional  stenosis  may  be  brought  about  by  paralysis  of  the  muscles 
which  open  the  glottis  or  spasm  of  the  muscles  which  close  it.  Foreign 
bodies  impacted  in  the  glottis  may  have  the  same  effect. 

The  morbid  anatomy  of  the  larynx  has  been  very  thoroughly  discussed  by  Ep- 
PINGER  (Klebs's  Handb.  d.  path.  Anat.  part  7  vol.  ll.  Berlin  1880). 

Numerous  references  to  the  pathology  of  laryngeal  affections  will  be  found  in 
the  following  text-books : — Rauchfuss,  GerhardVs  Handb.  d.  KinderJcrankh. 
III.  Tiibingen  1878;  voN  Ziemssen,  Ziemsseii's  Cyclop,  iv.,  vii.;  TtJRCK,  ZZzmA;  d. 
Krankheiten  d.  Kehlkopfes  Vienna  1866;  Cornil  and  Ranvier,  Man.  Path.  Hist, 
n.  London  1884;  P.  Bruns,  Die  Laryngotomie  Berlin  1878;  Morell  Mackenzie, 
Diseases  of  the  throat  and  nose  i.  London  1880. 

570.  Aifections  of  the  laryngeal  mucous  membrane.  Laryngeal 
catarrh  is  very  common,  and  is  characterized  by  redness  and  swelling  of 
the  mucous  membrane  together  with  a  mucous,  purulent,  or  serous  ex- 
udation. Serous  exudation  is  observed  chiefly  in  catarrhs  due  to  persis- 
tent passive  hypersemia.     The  inflammation  may  extend  over  the  entire 
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organ  or  be  limited  to  certain  parts  such  as  the  vocal  cords  or  the 
epiglottis.     It  may  be  induced  by  very  various  causes. 

In  chronic  catarrh  the  blood-vessels  are  sometimes  permanently 
dilated.  The  epithelium  desquamates  freely  and  often  accumulates 
round  the  vocal  cords  in  whitish  films  and  patches^  which  form  a  nidus 
for  bacteria.  The  mucosa  and  submucosa  are  infiltrated  with  leucocytes. 
The  fibrous  strata  frequently  become  hypertrophied  and  thickened. 
When  the  papillary  structures  of  the  glottis-also  are  hypertrophied  they 
assume  tjie  form  of  papillomatous  or  warty  growths.  The  mucous 
glands  of  the  posterior  surface  of  the  epiglottis,  the  false  cords,  and  the 
sinuses  of  Morgagni  may  become  enlarged  and  dilated,  and  give  the 
surface  a  granulated  appearance  (granular  laryngitis).  Loss  of  epithe- 
lium and  rupture  of  the  dilated  and  extended  glands  give  rise  to  small 
erosions  and  ulcerations.  Loss  of  continuous  patches  of  epithelium  is 
most  frequently  observed  about  the  vocal  cords  and  their  posterior  at- 
tachments, and  is  often  due  to  the  action  of  bacteria  or  of  the  thrush- 
fungus  (Fig.  76,  Art.  198). 

In  chronic  catarrh  of  long  standing  and  in  consequence  of  ulcera- 
tion the  glandular  structures  become  obliterated  and  the  mucous  mem- 
brane thinned  and  atrophied.  Slight  but  often-repeated  irritation  is 
sometimes  followed  by  hypertrophy  of  the  squamous  epithelium,  which 
gives  the  affected  spots  a  white  or  pearly  appearance.  The  vocal  cords 
are  the  parts  most  commonly  affected,  and  they  are  sometimes  the  seat 
of  polypous  excrescences  at  the  same  time  (Art.  575). 

Croupous  inflammation  of  the  laryngeal  mucous  membrane  is 
sometimes  primary,  sometimes  secondary  to  inflammation  in  neighboring 
parts.  It  is  most  common  in  connection  with  diphtheria,  small-pox, 
typhoid,  and  cholera,  though  it  may  also  result  from  the  inhalation  of 
hot  or  irritant  gases  and  vapors  or  from  the  introduction  of  foreign 
bodies.  The  interior  of  the  larynx  is  covered  with  white  or  yellowish 
more  or  less  coherent  false  membranes  or  only  with  white  curdy  flakes; 
these  are  sometimes  readily  removed,  sometimes  slightly  adherent.  The 
latter  is  the  case  when  the  epithelium  of  the  affected  part  is  stratified 
and  squamous  (Arts.  423-426). 

The  false  membranes  consist  in  part  of  fibrinous  filaments  and  meshes 
enclosing  pus-corpuscles,  in  part  of  lustrous  homogeneous  flakes.  When 
they  are  stripped  off  the  underlying  mucous  membrane  is  red  and  raw- 
looking. 

Diphtheritic  inflammation  with  sloughing  and  gangrene  of  the 
mucous  membrane  occurs  most  frequently  in  connection  with  diphtheria 
and  typhoid,  though  it  is  rare  even  in  these  diseases. 

References: — Eppinger,  and  Rauchfuss,  loc.  cit;  von  Ziemssen  and  Steiner, 
Ziemssen's  Cyclop,  rv.;  Rheiner,  Virch.  Arch.  vol.  5;  E.  Wagner,  Arch.  d.Heilk. 
VII.  (1866);  Steudener,  Virch.  Arch.  vol.  54;  Weigert,  ibid.  vol.  70;  Schottelius, 
Gesellsch.  d.  Naturwissenschaften  zu  Marburg  xii.;  Report,  Brit.  Med.  Journ.  3, 
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1878;  MoRELL  Mackenzie,  op.  cit.,  Diphtheria  London,  1878:  Report,  Lancet  1, 
1879,  and  Med.  chir.  Trans.  i,xii.  (1879);  Monti,  Croup  u.  Diphtherie  Vienna 
1884;  ViRCHOW,  Berl.  klin.  Woch.  1885;  Orth,  Path.  Anat.  II.  Berlin  1885. 

It  will  be  seen  that  we  make  no  pathological  distinction  corresponding  to  that 
implied  in  the  clinical  terms  croup  and  diphtheria.  The  specific  infective  disease 
diphtheria,  when  it  is  accompanied  by  croupous  or  superficial  diphtheritic  in- 
flammation of  the  larynx  and  trachea,  is  the  same  as  the  affection  clinically  de- 
scribed as  'membranous  croup,'  a  term  which  the  pathologist  may  well  dispense 
with  (Arts.  204,  443,  444). 

571.  (Edema  of  the  glottis  is  a  more  or  less  intense  swelling  of  the 
laryngeal  mucous  membrane,  due  to  infiltration  of  the  mucosa  and 
especially  of  the  submucosa.  The  swelling  is  usually  greatest  on  the 
posterior  surface  of  the  epiglottis,  the  aryteno-epiglr^':tic  folds,  and  the 
false  vocal  cords,  the  submucosa  of  these  parts  being  exceptionally  loose 
in  texture.  The  oedema  may  be  so  great  as  to  occlude  the  superior 
orifice  of  the  larynx. 

(Edema  of  the  glottis  may  be  acute  or  chronic.  The  former  is  due 
to  inflammatory  exudation,  and  occurs  chiefly  as  a  concomitant  of  catar- 
rhal, croupous,  or  diphtheritic  inflammation,  and  around  syphilitic  and 
tuberculous  ulcers  and  submucous  or  perichondritic  abscesses.  It  may 
also  accompany  suppurative  inflammations  of  the  pharynx,  thyroid 
gland,  and  cervical  connective  tissue.  It  is  often  unilateral  or  confined 
to  one  of  the  parts  above  mentioned,  according  to  the  exciting  cause. 

Chronic  oedema  is  usually  the  result  of  venous  engorgement  from 
cardiac  disease,  pulmonary  emphysema,  compression  of  the  cervical 
veins,  etc.,  and  of  non-inflammatory  affections  of  the  blood  or  vessels; 
it  is  generally  symmetrical  and  limited  to  the  posterior  surface  of  the 
epiglottis  and  the  aryteno-epiglottic  folds,  though  in  a  less  degree  it 
may  affect  the  vocal  cords.  Chronic  inflammatory  conditions  of  the 
larynx  (as  in  laryngeal  ulcer  or  perichondritis)  may  of  course  give  rise 
to  inflammatory  oedema  of  a  somewhat  chronic  kiad. 

Phlegmonous  Inflammation  of  the  larynx  {phlegmon  laryngis)  is 
a  sero-purulent  and  sero-fibrinous  infiltration  of  the  submucosa  and 
mucosa,  whose  seat  is  generally  the  same  as  that  of  acute  oedema:  it  is 
not  common. 

Suppuration  of  the  tissue  succeeds  the  infiltration,  and  abscesses  are 
formed  which  on  rupturing  give  rise  to  ulcers.  When  the  inflammation 
extends  to  the  cartilages  purulent  perichondritis  is  set  up  (Art.  576). 
These  abscesses  may  also  burrow  in  among  the  cervical  muscles,  or  break 
into  the  pharynx  or  oesophagus.  When  the  pus  is  evacuated  the  abscess- 
cavity  may  close  up  and  become  cicatrized. 

Phlegmonous  laryngitis  sometimes  follows  upon  croupous,  diphthe- 
ritic, and  gangrenous  inflammations,  and  upon  tuberculous  and  syphi- 
litic ulcerations.  In  other  cases  inflammations  of  the  perichondrium  or 
of  the  pharynx  or  tonsils,    or  mechanical  injury,    are  the  inducing 
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cause.     The  forms  of  laryngitis  which  sometimes  accompany  typhoid, 
scarlatina,  and  pyaemia  occasionally  issue  in  suppuration. 

572.  Specific  forms  of  laryngitis.  We  thus  observe  that  the  vari- 
ous forms  of  laryngeal  inflammation  result  from  very  various  causes,  some 
of  them  being  specific.  Certain  specific  forms  are  distinguished  by  no 
definite  characters  from  the  non-specific;  but  there  are  others,  notably 
those  accompanying  some  of  the  infective  diseases,  which  exhibit  ana- 
tomical lesions  more  or  less  definite.  The  diseases  in  question  are 
typhoid,  small-pox,  tuberculosis,  syphilis,  glanders,  and  lupus. 

Typhoid  is  frequently  accompanied  by  a  catarrhal  laryngitis  marked 
by  epithelial  desquamation,  ecchymoses,  and  superficial  erosions,  and  by 
linear  cracks  in  the  mucous  membrane,  especially  about  the  edges  of  the 
epiglottis.  Sometimes  the  posterior  surface  of  the  epiglottis,  the  an- 
terior wall  of  the  larynx,  and  the  vocal  cords  are  covered  with  a  branny 
slightly  adherent  'fur^  consisting  of  dead  epithelium,  leucocytes,  micro- 
cocci, and  microbacteria.  Sometimes  too  on  the  false  and  true  vocal 
cords  there  are  ulcers,  the  floor  and  edges  of  which  are  beset  with 
bacteria. 

Eppinger  regards  these  bacteria  as  the  specific  organisms  of  typhoid, 
and  thinks  they  are  the  cause  of  the  epithelial  necrosis  and  ulceration: 
he  therefore  describes  the  affection  as  necrosis  mycotica  typhosa.  The 
bacteria  are  very  probably  the  cause  of  the  local  destruction  of  tissue, 
but  it  seems  highly  doubtful  that  they  are  the  virus  of  typhoid. 

Different  forms  of  bacteria  are  found  in  the  affected  spots,  and  the 
like  changes  are  produced  in  affections  other  than  typhoid  (Fig.  76, 
Art.  198).  It  is  therefore  probable  that  different  organisms  are  carried 
from  the  mouth,  settle  in  the  catarrhal  mucous  membrane,  and  there 
set  up  destructive  changes. 

Less  frequently  than  the  above  we  firid  in  the  larynx  of  typhoid  pa- 
tients diffuse  swellings  or  miliary  nodules,  due  to  intense  cellular  infil- 
tration of  the  mucous  membrane.  Eppinger  regards  these  as  specific 
typhoid  lesions  analogous  to  those  of  the  intestine.  They  occur  chiefly 
at  the  base  of  the  epiglottis,  the  false  vocal  cords,  the  inner  aspect  of 
the  arytenoid  cartilages,  and  the  anterior  attachment  of  the  vocal  cords: 
by  disintegration  of  the  infiltrated  tissue  they  give  rise  to  erosions  with 
raised  borders  resembling  typhoid  ulcers.  These  ulcers,  whether  bac- 
terial or  infiltrated,  may  extend  both  in  breadth  and  in  depth,  affecting 
ultimately  the  perichondrium  of  the  several  cartilages.  In  consequence 
of  this  we  not  infrequently  observe  large  losses  of  substance  with 
necrosis  of  the  affected  cartilages.  The  latter  occurs  chiefly  when  as 
sometimes  happens  the  perichondritis  becomes  suppurative  or  gangren- 
ous. 

The  laryngitis  of  small-pox  is  characterized  by  the  appearance  on 
the  reddened  mucous  membrane  of  minute  whitish  spots  or  small  lentil- 
like nodules.     According  to  Eppinger  the  former  are  due  to  cloudy 
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swolliiiG:  and  f^rannlar  dep^onpratioii,  tlu*  liittc>r  to  cellular  infiltration,  of 
tho  epithelium.  Sometimes  a  l)raiiny  coating  of  dead  epithelium  and 
pus-corpuscles,  or  coherent  (•i(»u|)()us  membranes,  cover  the  affected 
parts.  Ill  all  of  these  microcf)Cci  can  he  found  (Ei'Pr.V(ii:R),  and  are 
probably  tile  excitiuf;  cause  of  the  local  alTcctioii.  Epithelial  hiemor- 
rhages  make  their  appearance  in  cases  of  liM-iuDrrhagic  small-pox;  and 
in  the  latter  stages  small  abscesses  may  form  in  the  connective  tissue. 
Larger  perichondritic  aljseesses  and  necrosis  of  cartilage  are  however 
comparatively  rare. 

Scaiiiitina  gives  rise  to  catarrhal  laryngitis,  seldom  to  the  croupous 
or  diphtheritic  forms:  and  the  like  is  true  of  measles  and  typhus. 

References  :— Louis,  Lafi^vre  typlw'ide  Paris  1841;  Trousseau,  Clinical  Medi- 
cine n.  (New  Syd.  Soc.)  Loiulon  1800:  Rppin(}eu,  loc.  cit.;  Tobold.  Larijitgoscopie 
Berlin  1874;  Heinze,  Die  Kehlkopfnachwimhiucht  Leipzig  1879;  Joffkoy,  Arch, 
de  physiol.  18S0;  Cornil  and  Ranvier,  Man.  Path.  Hint.  Ii.  London  18S4; 
MURCHISON,  Continued  fevers  London  1884;  Kuhle,  Sammlung  klin.  Vortrdge 
6;  Graves,  Clinical  Lectures  C^^ew  Syd.  Soc.)  London  18S4-85.  Erysipelas  may- 
extend  from  the  face  and  mouth  to  the  pharynx  and  larynx,  and  give  rise  to 
oedoinatous  and  phlegmonous  inflammation  (ConNiL  Arch,  generates  xix.  1862; 
MoRELL  ]\Iackenzie,  op.  cit.;  Massei,  D.  primdre  Erysipel  d.  Kehlkopfes 
Berhn  1886). 

573.  Tuberculous  laryn;?itis  is  a  very  common  complication  of 
tuberculous  disease  of  the  lung  (laryngeal  phthisis),  though  it  also  occurs 
independently.  In  the  former  case  the  specific  infection  is  doubtless 
conveyed  by  the  sputum;  in  other  cases  the  virus  reaches  the  raucous 
membrane  by  way  of  the  blood  or  lymph. 

The  process  begins  with  the  development  of  small  subepithelial  cell- 
ular infiltrations,  projecting  somewhat  above  the  surface  as  grayish 
nodules.  These  either  caseate  rapidly  and  breaking  through  the  epithe- 
lium give  rise  to  minute  ulcerations,  or  extend  beneath  the  surface  in 
the  form  of  a  diffuse  granulomatous  infiltration  containing  typical  tuber- 
cles and  giving  rise  to  irregular  protuberances  of  the  mucous  membrane. 
Sooner  or  later  caseation  and  disintegration  set  in,  and  ulcers  are  formed 
whose  floor  and  margins  are  infiltrated  or  even  caseous.  Secondary 
changes  presently  appear  in  the  form  of  disseminated  patches  of  inflam- 
matory infiltration  in  the  mucosa,  submucosa,  or  perichondrium,  some- 
times in  the  mucous  glands  or  more  rarely  between  the  laryngeal 
muscles.  These  patches  may  also  coalesce  into  larger  masses  of  granu- 
lomatous tissue  containing  tubercles  simple  or  caseous.  This  is  most 
apt  to  happen  about  the  perichondrium  of  the  various  cartilages. 

Large  tuberculous  gramilations  are  very  commonly  met  with  on  the 
under  surface  and  edges  of  the  epiglottis,  or  on  the  posterior  and  anterior 
walls  of  the  larynx.  In  the  vocal  cords  on  the  other  hand  disintegra- 
tion usually  sets  in  before  granulations  of  any  size  are  developed.  There 
is  however  no  invariable  rule  iu  the  matter:  the  extent  of  the  tuberculous 
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infiltration  and  of  the  e;isning  ulceration  varies  greatly  in  different  cases. 
Sometimes  there  are  only  a  few  punctiform  ulcers  on  the  vocal  cords  or 
posterior  laryngeal  wall,  in  other  cases  large  areas  of  mucous  membrane 
are  destroyed  and  the  cartilages  also  are  involved  in  the  necrotic  process. 
Tuberculous  ulceration  is  always  accompanied  by  a  certain  amount 
of  catarrh:  oedema  of  the  glottis  or  phlegmonous  inflammation  are  also 
occasional  complications. 

References: — Eppinger,  loc.  cit.;  Heinze,  Die  Kehlkopfsschivindsucht  Leipzig 
1879;  VON  ZlEMSSEN,  Ziemssen's  Cyclop,  vri.,  and  supplement  1881;  Morell 
Mackenzie,  op.  cit.,  and  Brit.  Med.  Journ.  1, 1879;  Biefel,  D.  Arch.f.  Min.  Med. 
XXX.  1883;  SoLis  Cohen,  Amer.  Journ.  Tried,  sci,  1883.  Heinze  believes  that 
the  tuberculous  metastasis  from  the  luags  to  the  larynx  takes  place  through  the 
blood  and  not  by  means  of  the  sputa.  This  is  however  veiy  unlikely :  the  sputa 
from  a  tuberculous  lung  contain  bacilli  and  are  infective,  they  may  therefore 
very  well  convey  the  specific  infection  to  the  larynx. 

RiNDFLEiscH  affirms  that  the  tuberculous  ulcei-ation  starts  from  the  mouths  of 
the  mucous  glands.     This  may  sometimes  be  the  case,  but  it  is  not  the  rule. 

574.  The  first  symptoms  of  syphilitic  laryngitis  may  be  those  of 
a  simple  catarrh,  though  the  accompanying  infiltration  of  the  mucous 
membrane  is  often  extreme.  The  affection  usually  follows  upon  syph- 
ilitic disease  of  the  pharynx,  and  is  doubtless  an  extension  of  the  latter. 

At  a  later  stage  deep  erosions  appear,  whose  floor  and  edges  are 
densely  infiltrated.  Prominent  grayish- white  or  red  patches  are  formed 
on  the  surface  of  the  mucous  membrane  {condylomata  lata,  plaques 
muqueuses),  which  also  ulcerate  as  a  rule;  sometimes  however  the  infil- 
tration is  re-absorbed  and  they  disappear. 

These  erosions  or  ulcers  vary  much  in  extent  and  in  depth.  The 
floor  of  the  larger  ulcers  is  covered  with  a  gray  film:  when  this  is  re- 
moved the  characteristic  whitish  exudation  appears  beneath.  The  epi- 
glottis, the  vocal  cords,  and  the  posterior  wall  of  the  larynx  are  the 
most  frequent  seats  of  ulceration.  In  rare  cases  the  whole  of  the  interior 
of  the  larynx  is  denuded  and  the  cartilages  laid  bare. 

A  second  form  of  syphilitic  ulceration  is  due  to  the  breaking  down 
©f  gummata;  these  are  usually  seated  in  the  submucosa  and  are  not  due 
t©  direct  infection  from  the  pharynx.  They  are  most  common  in  the 
epiglottis  and  vocal  cords,  and  may  be  so  large  and  numerous  as  to  ob- 
struct or  occlude  the  larynx. 

Small  gummatous  nodes  may  be  re-absorbed,  but  the  large  ones  usu- 
ally soften  in  the  centre  and  break  through  into  the  larynx,  giving  rise 
to  flask-shaped  ulcers  with  infiltrated  edges.  The  ulceration  may  extend 
into  the  laryngeal  wall  and  cause  perichondritis  and  necrosis  of  cartilage: 
in  this  case  the  inflammation  takes  on  a  purulent  or  suppurative  char- 
acter. 

The  syphilitic  process  may  come  to  a  stand-still  at  any  stage,  the 
ulcers  healing  up  by  cicatrization.      If  the  healing  is  delayed  consider- 
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able  portions  of  tlio  larynx,  such  us  tlio  epiglottis  or  vocal  cords,  may  be 
entirely  destroyed.  The  greater  the  loss  of  substance  the  larger  is  tho 
cicatrix,  and  the  distortion  of  the  parts  duo  to  its  contraction  may  bo 
extreme:  sometimes  indeed  the  cavity  of  the  larynx  is  constricted  to  a 
narrow  aiid  tortuous  jjassage.  The  vocal  cords  occasionally  become  ad- 
herent, or  the  glottis  is  encroached  on  by  protuberant  l);uids  of  scar- 
tissue. 

Tho  islands  of  mucous  membrane  lying  between  the  cicatrices  are 
often  thrust  or  bulg(Ml  out  in  the  process,  aiul  if  they  become  inflamed 
and  inlilLrated  or  hyperplastic  they  take  the  form  of  outgrowths  and 
papillomatous  or  polypous  excrescences  {condylomata  acuminata)  which 
still  further  obstruct  the  air-passage. 

Lupus  of  tho  larynx  may  accompany  lupus  of  the  pharynx  and  of 
the  nose.  It  gives  rise  to  nodular  infiltrations  and  ulcers  with  a  thick- 
ened edge  and  granulating  floor,  which  yield  a  scanty  secretion.  Cica- 
tricial contractions  are  formed,  causing  distortion  and  obstruction  as  in 
the  case  of  syphilis. 

Leprosy  likewise  gives  rise  to  nodes  and  nodules  in  the  larynx  which 
coalesce  into  larger  tumor-like  growths.  Tiie  subsequent  ulceration, 
cicatrization,  and  cicatricial  contraction  may  cause  very  great  distortion 
of  the  parts. 

In  j^laiiders  disseminated  inflammation  is  set  up,  which  is  charac- 
terized by  the  formation  of  subepithelial  cellular  nodules.  These  break 
down  and  ulcerate,  and  m  this  way  extensive  destruction  of  the  mncons 
membrane  takes  place. 

References: — Eppinger,  loc.  cit.;  von  Ziemssen,  loc.  cit.;  Virchow,  Krank- 
hafte  GcfschwiUste  11.;  Gerhardt  and  Roth,  Virch.  Arch.  vols.  20,  21;  SoMilER- 
BRODT,  Wiener  vied.  Presse  20,  1870,  Berl.  klUi.  Woch.  1878,  London  Med.  Record 
1878;  TtJRCK,  Atlas  d.  Kehlkopfkrankheiten  Vienna  1866;  Schech,  Deut.  Arch.  f. 
Mill.  Med.  xx.,  D.  Zeitschr.  f.  pract.  Med.  1877;  Whistler,  Med.  Times  and  Gaz. 
2,  1878;  Hauff,  Die  Rotzkrankheiten  beim  Menschen  Stuttgart  1855  (glanders); 
Bollinger,  Ziemssen''s  Cyclop,  in.,  and  supplement  1881;  J.  Mackenzie;,  Ainer. 
lourn.  med.  set.  1880  (congenital  syphilis),  Lewin,  Berl.  klin.  Woch.  41,  1881; 
Chiari  and  Riehl,  Viertelj.  f.  Derm.  u.  Syph.  1882  (lupus);  Thin,  Brit.  Med. 
Joiirii.  2,  1884  (leprosy). 

575.  Mucous  polypi  of  the  larynx  are  not  common;  but  now 
and  then  we  meet  with  polypous  thickenings  of  the  false  vocal  cords, 
whose  structure  is  exactly  similar  to  that  of  the  mucous  membrane. 

Papillary  or  villous  growths  are  much  more  common  and  are  described 
as  papillomata  or  papillary  fibromata.  Some  of  them  are  of  inflam- 
matory origin,  others  appear  to  be  non-inflammatory  or  simply  hyper- 
itlastic.  They  generally  grow  from  the  true  vocal  cords  and  sometimes 
extend  over  a  considerable  area.  They  take  the  form  either  of  compact 
nodulated    tumors,    or  warty  growths,    or  'cauliflower^    excrescences. 
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These  laaer  are  not  infrequently  multiple  and  are  especially  common  in 
young  persons  (P.  BRuisrs). 

Fibromatous  nodules  are  also  most  frequently  met  with  on  the 
vocal  cords.  They  have  broad  or  narrow  bases,  and  are  smooth  or 
warty,  usually  of  the  size  of  a  lentil  or  small  pea  but  sometimes  as 
large  as  a  hazel-nut.  Some  are  pale,  others  vascular,  some  hard,  others 
soft. 

Lipoma  and  myxoma  are  very  rare.  Sarcoma  is  somewhat  more  fre- 
quent; it  generally  resembles  a  nodular  fibroma,  but  is  rather  softer. 
Chondromata  have  been  several  times  described:  they  start  from  the 
cartilages  and  form  small  knotty  growths. 

Primary  carcinoma  is  most  apt  to  arise  about  the  vocal  cords  and 
the  laryngeal  sinuses.  It  takes  the  form  of  nodular  or  papillary 
growths  or  of  diffuse  infiltrations,  which  break  down  and  leave  sinuous 
ulcers  with  an  irregular  floor.  The  ulceration  is  usually  accompanied 
by  purulent  inflammation.  The  destruction  of  tissue  is  sometimes  very 
extensive,  going  far  beyond  the  limits  of  the  larynx. 

Secondary  cancerous  growths  are  more  common,  extending  into  the 
larynx  by  continuity  from  the  oesophagus,  pharynx,  or  thyroid  gland. 
True  carcinomatous  metastasis  is  somewhat  rarer. 

A  few  cases  of  adenoma  have  been  noted;  the  growth  takes  the  form 
of  an  irregular  nodose  tumor. 

Cysts  due  to  retentioa  of  secretion  in  the  mucous  glands  are  usually 
met  with  in  the  laryngeal  sinuses  and  about  the  epiglottis;  but  they  are 
not  very  common. 

Of  the  parasites  of  the  larynx  other  than  the  specific  and  other 
bacteria  already  mentioned  we  need  only  refer  co  the  8accharomyces  or 
O'idium  albicans  (Arts.  224,  436)  or  thrush-fungus,  and  the  Trichina 
spiralis  (Art.  232).  The  fungus  gives  rise  to  the  characteristic  white 
films;  the  Trichina  lodges  in  the  laryngeal  muscles.  ISTow  and  then 
round-worms  {Ascaris  lumhricoides,  Art.  228)  find  their  way  into  the 
glottis  and  give  rise  to  attacks  of  dyspnoea. 

References  on  laryngeal  tumors: — Eppinqer,  Iog.  cit.;  von  Ziemssen,  loc.  cit. 
(for  recent  bibliography  by  Lepferts  see  supplement  London  1881);  Fatjvel, 
Traite  d.  maladies  d.  larynx  Paris  1877;  von  Bruns,  Neue  Beobacht.  ub.  Kelilkopf- 
polypen  Tubingen  1873,  1878;  Oertel,  Deut.  Arch.  f.  Min.  Med.  xv.;  Morell 
Mackenzie,  Growths  in  the  larynx  London  1876,  and  oj).  cit.;  BuROW,  Berl.  Min. 
Woch.  13,  1877,  Laryngoshopisch.  A^Zas  Stuttgart  1877;  Beschorner,  Berl.ldin. 
Woch.  42, 1877;  P.  Bruns,  Die  Laryngotomie  zur  Entfernung  intralaryngealer  Neu- 
bildungen  Berlin  1877  (the  latter  and  also  von  Ziemssen  describe  laryngeal  tumors 
consisting  of  thyroid-gland  tissue);  Ziegler,  Vlrch.  Arch.  vol.  65  (tumors  consist- 
ing solely  of  amyloid  substance);  Butlin,  Malignant  disease  of  the  larynx  London 
1883;  Cornil  and  Ranvier,  Man.  Path.  Hist.  li.  London  1884;  ASCH,  NewYorh  Med, 
Journ.  1884  (chondroma,  with  references);  Cervelato,  Lo  Sperimentale  1881 
(cysts,  with  cases);   Schroetter,  Monatschr.  fur  Ohrenheilkunde  1884  (lipoma). 

According  to  P.  Bruns  out  of  1100  tumors  of  the  larynx  603  were  papillomata. 
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346  fibromata,  73  mucous  polypi,  and  27  cysts.     76  per  cent  of  the  tumors  were 
situated  on  the  true  vocal  cords  or  at  their  anterior  attachment. 

On  round-worms  in  the  larynx  see  Kuchenmeister  and  ZtJRN  {Die  Parasiten 
d.  Menschen  Leipzig  1882),  FiJRST  ( Wien.  med.  Woch.  1879),  Mosler  {Zeitschr.  f. 
klin.  Med.  vi.  1883). 

57G,  The  laryngeal  cartilages  are  apt  in  old  age  to  undergo  cer- 
tain degenerative  changes  which  we  may  perhaps  describe  as  physiologi- 
cal. These  are  fibrillation,  partial  solution,  and  transformation  into 
spongy  osseous  tissue.  The  process  corresponds  in  details  to  the  meta- 
plasia or  pathological  ossification  of  the  other  cartilages  of  the  body. 
The  spongy  bone  thus  produced  may  afterwards  be  partially  replaced  by 
fatty  myeloid  tissue  or  marrow. 

This  softening  and  ossification  also  occurs  as  a  morbid  change  at  an 
earlier  age,  especially  in  cases  of  clironic  laryngitis.  The  transforma- 
tion into  bone  begins  in  the  deeper  parts  of  the  cartilages  and  thence 
extends  towards  the  surface. 

Bile-pigment  is  deposited  in  the  cartilages  in  cases  of  jaundice,  and 
urates  in  gout. 

The  most  important  affection  is  however  the  inflammation  of  the 
perichondrium,  referred  to  as  laryngeal  perichondritis.  It  is  usually 
a  secondary  affection,  occurring  in  connection  with  suppurative  and 
ulcerative  disease  and  with  carcinoma,  and  is  especially  frequent  in 
pyaemia,  small-pox,  typhus,  and  severe  typhoid.  Sometimes  it  originates 
in  the  decubital  necroses  met  with  in  aged  and  debilitated  bedridden 
patients  at  the  posterior  aspect  of  the  cricoid  cartilage  (Art.  450),  and 
due  to  the  persistent  pressure  of  the  larynx  on  the  vertebral  column. 
Perichondritis  may  also  be  set  up  by  mechanical  violence. 

The  inflammation  is  usually  purulent,  but  tuberculous,  caseous,  and 
indurative  varieties  are  met  with.  It  is  nearly  always  localized  to  some 
part  of  the  cartilaginous  framework  of  the  larynx,  most  commonly  to 
parts  of  the  cricoid  and  arytenoids.  The  accumulated  exudation  lying 
on  the  surface  of  the  cartilage  gives  rise  to  more  or  less  marked  swelling 
of  the  parts,  and  presently  portions  of  the  cartilage  become  necrosed. 
When  the  perichondritic  abscess  bursts  either  outwards  or  inwards  the 
dead  sequestrum  may  be  exfoliated  and  extruded.  Abscesses  bursting 
inwards  usually  give  rise  to  inflammation  of  the  bronchi  and  lungs,  those 
which  burst  outwards  to  perilaryngeal  suppuration. 

After  the  abscess  is  evacuated  and  the  dead  cartilage  removed  the 
wound  may  heal  by  granulation  and  cicatrization.  When  the  loss  of 
substance  is  large  much  contraction  and  distortion  ensue.  Smaller  de- 
fects are  filled  up  with  fibrous  tissue,  actual  regeneration  of  the  lost  car- 
tilage taking  place  only  to  a  very  slight  extent.  So  too  in  fracture 
of  the  cartilages  from  external  violence  repair  takes  place  by  means  of 
new  formations  of  fibrous  tissue  not  of  cartilage. 

Now  and  then  cartilaginous  excrescences,  or  ecchoudroses,  make 
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their  appearance,  and  in  cases  where  the  cartilages  have  already  become 
ossified  exostoses  have  been  described.  They  are  usually  found  about 
the  articulations,  but  are  nearly  always  very  small,  not  exceeding  the 
size  of  a  pea.  A  few  instances  of  still  larger  growths  are  however  on 
record. 

References: — Schottelius,  Die  Kehlkopfknorpel  Wiesbaden  1879;  TtJRCK.  loc. 
cit.;  Eppinger,  loc.  cit.;  Morell  Mackenzie,  Trans.  Path.  Soc.  xxii.  (1871); 
Gerhardt,  Deut.  Arch.  f.  Min.  Med.  xi.;  Brieqer,  Zeitschr.  f.  Min.  Med.  iii. ; 
Jahn,  Virch.  Arch.  vol.  72;  Litten,  ibid,  vol.66;  von  Ziembskn,  Ziemssen's 
Cyclop.  VII. 


CHAPTER   LXXLX. 

THE    TRACHEA. 

577.  Malformations  of  the  trachea  are  riot  common.  In  acephalous 
monsters  it  is  sometimes  absent,  the  larynx  and  the  lungs  being  some- 
times present,  sometimes  not.  Occasionally  we  meet  with  cases  of 
abnormally  short  trachea,  and  of  atresia  or  narrowness  of  this  or  one  of 
the  main  bronchi.  As  a  result  of  imperfect  separation  of  the  air-passage 
from  the  alimentary  canal  we  may  have  a  persistent  communicatiou 
between  the  trachea.and  the  oesophagus,  usually  a  little  above  the  bifur- 
cation of  the  former.  When  the  two  ends  of  the  communicating  passage 
become  closed,  it  is  transformed  into  a  mucous  cyst  lined  with  ciliated 
epithelium. 

Not  infrequently  some  of  the  rings  of  the  tracliea  are  wanting;  and 
in  other  cases  they  are  abnormally  coherent,  or  subdivided,  or  multiplied. 
The  bifurcation  may  take  place  at  an  abnormally  high  level,  or  the  first 
branch  of  the  right  bronchus  may  arise  directly  from  the  trachea. 

Lastly  we  may  have  persistent  remnants  of  the  branchial  clefts  open- 
ing into  the  trachea,  giving  rise  to  so-called  cervical  fistula  (Art.  8). 
These  have  recently  acquired  considerable  interest  inasmuch  as  Volk- 
MANN  has  shown  that  they  may  be  the  starting  point  of  carcinomatous 
growths. 

Acquired  dilatations  of  the  trachea  are  not  very  common;  though 
we  occasionally  meet  with  cylindrical,  fusiform,  or  sacculate  dilatations 
due  probably  to  expiratory  pressure,  when  expiration  is  obstructed  and 
the  tracheal  wall  more  yielding  than  usual.  Sacculate  dilatations  are 
commonly  situated  on  the  posterior  aspect  of  the  tube. 

Stenosis  of  the  trachea  is  in  general  caused  by  compression  from 
without;  more  rarely  it  is  due  to  structural  changes,  or  to  growths  and 
tumors  of  the  tube  itself.  Goitre  and  other  tumors  of  the  neck,  peritra- 
cheal abscesses,  and  aneurysms  of  the  aorta  maybe  the  cause  of  compres- 
sion: cicatrices  and  other  hyperplastic  formations  may  give  rise  to  obstruc- 
tion from  within. 

Compression  may  be  unilateral  or  bilateral.  When  it  is  very  chronic 
it  may  induce  atrophy  of  the  cartilages  (Rose)  or  lead  to  their  transfor- 
mation into  fibrous  tissue:  it  is  however  worthy  of  remark  that  sometimes 
no  degenerative  change  is  observed  even  when  the  compression  has  been 
extreme. 
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Perforation  of  the  trachea,  apart  from  mechanical  injury,  is  most 
frequently  due  to  cancerous  and  sarcomatous  ulceration  of  the  oesophagus 
or  thyroid  gland,  and  to  aortic  aneurysm,  peritracheal  abscess,  or  suppu- 
rating lymphatic  glands:  it  is  much  less  commonly  caused  by  ulceration 
within  the  trachea.  In  cases  of  aneurysm  the  thinned-out  wall  of  the  sack 
pushes  in  the  inter-annular  spaces;  and  this  is  observed  also  in  the  case 
of  carcinomatous  and  sarcomatous  and  of  goitrous  tumors. 

Foreign  bodies  which  become  impacted  in  the  trachea  in  general 
speedily  set  up  inflammation  and  ulceration. 

Wounds  ol  the  trachea  are  repaired  by  cicatricial  tissue:  regeneration 
of  cartilage  takes  place  only  to  a  very  slight  extent. 

References: — Eppinger,  loc.  cit.;  Cruveilhier,  Traite  de  Vanat.  path.  II.; 
Gruber,  Virch.  Arch.  vol.  47;  Virchow,  Krankhafte  Gesehwulste  in.;  Deiime 
and  FiJRST,  Gerhardfs  Handb.  d.  Kinderkrankh.  ill.;  Weil,  Deut.  Arch,  f.klin. 
Med.  XIV.  (1873);  Rose,  Langenbeck's  Arch.  f.  klin.  Chir.  xxii.;  Riegel,  Ziems- 
seii's  Cyclop,  iv. ;  Eldridge,  Amer.  Journ.  med.  sci.  1879  (sacculations);  ScHOT- 
TELius,  Die  Kehlkopfknorpel  Wiesbaden  1879  (repair  of  wounds);  Bristowe,  St. 
Thomas's  Hosp.  Reports  iii. ;  Volkmann,  Cent.  f.  d.  med.  Wiss.  1883. 

578.  The  inilammations  of  the  tracliea  have  few  special  features, 
and  are  frequently  associated  with  inflammatory  affections  of  the  larynx. 
Catarrh  is  sometimes  due  to  non-specific  irritation,  sometimes  it  is  a 
complication  of  infective  diseases  such  as  measles,  small-pox,  whooping- 
cough,  influenza,  syphilis,  etc.  Laryngitis  or  bronchitis  (Art.  579) 
usually  accompanies  this  latter  form.  Croupous  inflammation  is  most 
common  in  diphtheria,  and  is  characterized  by  the  formation  of  a  white 
fibrinous  false  membrane.  Diphtheritic  denudation  or  ulceration  of  the 
mucous  membrane  is  not  common. 

Miliary  tuberculosis  of  the  tracheal  mucous  membrane  is  rare. 
Chronic  tuberculosis  is  more  frequent:  it  gives  rise  to  extensive  subepithe- 
lial infiltrations,  which  afterwards  break  down  and  form  ulcers  of  various 
sizes.  Sometimes  it  extends  to  the  deeper  structures,  laying  bare  and 
partially  destroying  (by  perichondritis)  the  cartilaginous  rings.  In 
rare  cases  the  greater  part  of  the  mucous  membrane  is  destroyed  by 
ulceration. 

Syphilitic  disease  produces  lesions  resembling  those  of  the  larynx; 
indeed  it  frequently  extends  from  the  latter  downwards;  it  may  however 
appear  in  the  trachea  independently.  In  this  case  it  is  usually  deep- 
seated,  and  is  often  associated  with  syphilis  of  the  bronchi.  The  specific 
inflammation  may  give  rise  to  extensive  destruction  of  tissue,  extending 
to  the  cartilaginous  structures:  the  cicatrices  which  result  often  cause  by 
their  contraction  very  remarkable  distortion  and  stenosis  of  the  tube, 
which  may  be  beset  in  every  direction  with  coarse  fibrous  bands.  The 
edges  of  the  syphilitic  ulcers  are  sometimes  the  seat  of  papillary  excres- 
cences partly  covered  with  stratified  squamous  epitheliam. 
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After  traclieotomy  griumlatious  soincLiiaos  spring  from  the  iutoriK;! 
wound,  and  seriously  obsti'uet  the  uir-passuge. 

Primary  tumors  of  the  traciiea  are  rare.  Fibroma,  sarcoma,  chon- 
droma, osteoma,  adenoma,  and  carcinoma,  have  been  observed. 
Secondary  growths  due  to  extension  from  the  ossophagus  or  thyroid  gland 
are  more  common. 

Cysts  arise  from  reteuLioii  uf  secretion  in  the  mucous  glands.  They 
are  usually  situated  on  the  posterior  wall  and  may  be  as  large  as  a  walnut: 
as  a  rule  they  protrude  into  the  space  between  the  trachea  and  tlie  oeso- 
phagus. Eppintjer  asserts  that  the  mucous  glands  may  become  dis- 
tended with  air  forced  into  them  througli  their  ducts. 

References  on  tracheal  syphilis: — Gerhardt,  Deut.  Arch.  f.  Jdin.  Med.  il.,  ill. 
(1867);  Begeu,  tb/rZ.  XXIII.;  Moreli-.  M.vckknzie,  Trans.  Path.  Soc.  xxii.  (1871), 
and  o^>.  cit.:  R.vuchfcss,  GerhanWs  Haiidb.  f.  Kinderkrankh.  ni.;  Tukck,  loe. 
cit.;  Kocii,  Ldiigenbeck's  Arch.  f.  kliii.  Chir.  XX.;  Berqer,.  Schmidt's  Jahrbucher 
1881  (with  a  summary  of  the  literature). 

References  on  tracheal  tumors:— Rokitansky,  Path.  Anat.  iv.  (Syd.  Soc.) 
London  18o2;  Storck,  Pitha  u.  Billrnth's  Handb.  d.  Chirurg.  iii.;  Schrotter, 
Wien.  vied.  Jahrb.  1808,  1870;  SrEaoENER,  Virch.  Arch.  vol.  43;  Simon,  ibid.  vol. 
57;  LANauANS,  ibid.  vol.  53;  Vierling,  Deut.  Arch.  f.  klin.  Med.  xxi. ;  Kopp, 
ibid,  xxxii. 


CHAPTER  LXXX. 

THE  BRONCHI. 

579.  The  morbid  changes  affecting  the  larger  bronchi  in  general  cor- 
respond closely  to  those  of  the  larynx  and  trachea.  There  are  however 
certain  peculiarities  connected  with  them,  arising  partly  from  their 
anatomical  structure  and  partly  from  their  relation  to  the  lungs. 

Hyperaemia  and  anaemia  of  the  bronchi  have  no  very  distinctive 
characters.  We  may  however  note  that  both  in  engorgement  and  in  con- 
gestion the  bronchial  mucous  membrane  may  appear  of  a  very  deep  red 
or  purple  tint. 

Haemorrhage  from  the  mucous  membrane  is  not  uncommon:  it 
takes  the  form  of  small  ecchymoses  or  of  larger  effusions  which  mingle 
with  the  bronchial  secretion.  These  are  due  to  disturbance  of  the  circu- 
lation or  to  morbid  changes  in  the  vessels  or  tissues.  In  hsemophilia, 
whether  congenital  or  acquired  (purpura),  and  more  rarely  in  catarrhal 
inflammations,  the  hemorrhage  may  be  much  more  considerable  and 
may  partially  fill  the  bronchi,  while  extensive  suffusions  appear  in  the 
mucous  membrane.  When  the  menses  are  suppressed  it  is  said  that 
haemorrhage  from  the  bronchi  sometimes  occurs.  The  blood  effused  into 
the  bronchi  may  be  aspirated  into  the  lung  and  simulate  pulmonary 
haemorrhage. 

The  commonest  of  all  bronchial  affections  is  bronchitis.  In  catarrhal 
bronchitis  the  secretion  from  the  inflamed  mucous  membrane  is  mucous, 
serous,  purulent,  or  mixed.  The  mucus  so  abundantly  secreted  in  the 
acute  stage  comes  partly  from  the  lining  epithelium,  partly  from  the 
mucous  glands  of  the  bronchial  wall.  Little  plugs  of  mucus  (which 
sometimes  simulate  tubercules)  may  be  seen  protruding  from  the  orifices 
of  these  glands.  The  cellular  elements  contained  in  the  bronchial  secre- 
tion are  nearly  all  pus-corpuscles.  Epithelial  cells  are  never  abundant, 
inasmuch  as  they  do  not  readily  desquamate  and  when  they  do  they 
usually  become  mucoid  and  dissolve  (Arts.  420,  421). 

AVhen  the  secretion  is  very  abundant,  serous,  and  containing  few  cell- 
ular elements,  the  affection  has  been  called  serous  bronchorrhoea  ; 
when  the  secretion  is  more  puriform  bronchobleunorrhoea.  Sometimes 
the  secretion  decomposes  and  becomes  foul-smelling  under  the  influence 
of  septic  micro-organisms,  and  we  have  then  foetid  or  putrid  bronchitis. 
In  all  forms  of  bronchitis  the  mucous  membrane  is  more  or  less  densely 


TIIK    HKONOMI.  81  1 

infiltrated  with  cells:  tiiis  is  most  marked  however  in  the  puriilcMit  or 
j)iitrid  forms,  in  which  the  infiltration  extends  even  to  the  perihronchial 
tissue.  The  causes  of  bronchitis  are  very  numerous,  some  of  them  acting 
through  the  inspired  air,  some  throu^^h  the  blood.  Fujtid  bronchitis  is 
most  frequently  associated  with  dilatation  of  the  bronchi  (bronchiectasis) 
or  with  "^aii^M-iiiH*  of  tlu;  iun^,  but  it  also  occurs  iiuhipendontly  of  these. 

Croupous  bronchitis  is  usually  an  accompaniment  of  crou|)oii3 
tracheitis,  and  is  almost  always  due  to  the  specific  virus  of  diphtheria:  it 
nuiy  however  be  set  up  in  other  ways,  as  for  example  by  the  aspiration 
of  iicpiid  from  the  mouth.  In  croupous  pneumonia  tlusre  is  always  a 
certain  amount  of  croupous  inflammation  of  the  smaller  Ijronchi.  Tho 
mucous  membrane  is  covered  over  with  whitish  films  whose  thickness 
(except  in  croupous  pneumonia)  is  not  great  in  any  but  the  larger 
bronchi:  in  the  smaller  tubes  mere  specks  and  shreds  of  rii)rin  are 
formed,  and  as  wo  pass  to  the  finest  bronchioles  these  gradually  disappear 
and  are  rc])laced  by  catarrhal  secretion. 

There  is  also  a  chronic  fibrinous  or  plastic  broucliitis   in  which 
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Fig.  216.    Tuberculosis  of  the  bronchial  mucous  membrane,    (x  25) 

a,  columnar  epithelium  c,  tubercle 

6,  fibrous  tissue  of  the  mucosa  infiltrated  ^vith      d,  margin  of  a  small  tuberculous  ulcer 
leucocytes 

from  time  to  time  firm  coherent  membranes  form  in  the  bronchi,  and 
are  coughed  up  as  continuous  tree-like  casts  of  the  ramifying  tubes. 

Diphtheritic  and  gangrenous  inflammation  of  the  bronchial 
mucous  membrane  are  rare.  They  are  generally  set  up  by  gangrenous 
or  necrotic  detritus  coughed  up  from  the  lung,  or  by  powerfully  irritant 
matters  which  have  been  inspired.  The  inflammation  thus  induced  is 
sometimes  htemorrhagic,  and  patches  of  the  mucous  membrane  and  of 
the  deeper  structures  of  the  bronchial  wall  become  gangrenous  and  are 
thus  destroyed. 

Tuberculous  inflammation  of  the  bronchi  is  a  common  accom- 
paniment of  tuberculous  disease  of  the  lung.  It  is  usually  most  marked 
in  the  smaller  tubes  communicating  with  the  diseased  region:  in  other 
cases  it  is  diffused  over  the  greater  part  of  the  bronchial  system.  Here 
as  elsewhere  the  affection  begins  with  the  formation  of  gray  cellular 
nodules  (Fig.  21G),  which  project  somewhat  above  the  surface.  These 
caseate  and  break  down,  and  in  this  way  small  ulcers  {d)  are  formed, 
whose  floor  and  edges  are  nsually  covere.d  with  a  whitish  necrotic  film 
and  surrounded  by  a  zone  of  hypersemia. 
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The  disintegration  of  the  infiltrated  margins  of  the  ulcer  steadily 
advances,  and  the  ulcer  grcvvs  and  coalesces  with  others,  so  that  at  length 
large  irregularly-shaped  erosions  are  formed  which  sometimes  extend  to 
the  cartilages  of  the  bronchial  wall.  In  the  smaller  tubes  we  frequently 
find  the  entire  wall  invaded  and  ulcerated  away. 

Syphilitic  inilammatioii  of  the  bronchi  is  not  often  seen:  it  presents 
the  same  appearances  as  in  the  trachea  and  larynx.  Extensive  loss  of 
substance  is  occasionally  caused  by  it;  as  recovery  takes  place  coarse 
puckered  cicatrices  are  formed,  and  these  may  give  rise  to  notable  con- 
traction and  distortion  of  the  bronchi. 

The  bronchi  are  provided  with  a  stratified  epithelium,  consisting  of  flat  basal 
cells,  transitional  cells,  and  columnar  cells.  Some  of  the  latter  are  ciliated 
cylindrical  cells,  others  are  mucus-producing  goblet-cells,  which  in  catarrhal  con- 
ditions undergo  mucoid  degeneration.  The  capillaries  of  the  mucous  membrane 
empty  themselves  chiefly  into  the  pulmonary  veins,  not  into  the  bronchial 
veins:  to  this  fact  is  due  the  readiness  with  which  the  membrane  becomes  en- 
gorged when  the  pulmonary  circulation  is  overloaded  (KiJTTNER,  Virch.  Arch. 
vol.  73). 

The  tissue  of  the  bronchial  wall  contains  lymphoid  elements,  and  in  the  larger 
bronchi  these  are  in  places  aggregated  into  groups  lying  between  the  muscular 
coat  and  the  cartilages:  in  this  way  lymphadenoid  nodules  are  formed  which  look 
not  unlike  tubercles. 

References : — Frankenhauser,  Bau  der  Tracheebronchialschleimhaut  St. 
Petersburg  1879;  J.  Arnold,  Virch.  Arch.  vol.  80;  Kqlliker,  Zur  Kenntniss  d. 
Baues  d.  Lunge  Wiirzburg  1881;  Rossbach,  Ueher  d.  Sehleimbildung  in  d.  Luft- 
wegen  (Festschrift)  Wiirzburg  1883;  Riegel,  Ziemsseii's  Cyclop,  iv.;  Weil,  Ger- 
hardfs  Handb.  d.  Kinderkranhh.  ill.;  Sokolopp,  Virch.  Arch.  vol.  68;  Hamil- 
ton, Path,  of  bronchitis  London  1883. 

CURSCHMANN  recently  described  {Deut.  Arch.  f.  hlin.  Med.  xxxii.)  under  the 
name  of  'exudative  bronchiolitis'  a  peculiar  form  of  bronchitis  in  which  tough 
hyaline  or  grayish  or  yellowish  coagula  are  formed,  0.5-1  mm.  thick  and  1-2  cm. 
long,  and  consisting  of  spiral  or  convoluted  filaments  and  strings  enclosing  a 
variable  number  of  cells.  Tliey  are  due  to  an  exudative  process  affecting  the 
bronchioles,  which  is  neither  simple  catarrh  nor  croupous  inflammation.  Ac- 
cording to  ViERORDT  {Berl.  klin.  Woch.  1883)  similar  coagula  are  occasionally 
met  with  in  other  inflammatory  affections,  as  in  croupous  pneumonia. 

In  various  forms  of  bronchitis,  but  especially  in  the  croupous  and  exudative 
varieties,  the  secretion  contains  slender  acicular  colorless  octahedra  of  various 
sizes,  which  are  known  as  Lsyden's  crystals:  they  are  probably  identical  with 
Charcot's  crystals  (compare  Art.  260),  and  seem  to  consist  of  some  substance  con- 
taining mucin  (Salkowski).  Their  occurrence  is  accidental,  and  it  is  possible 
that  they  are  formed  in  or  from  lymphoid  cells:  they  may  form  in  the  sputum 
after  it  has  left  the  body  (Ungar). 

References :— Peacock,  Trans.  Path.  Soc.  v.  1854;  Charcot,  Gaz.  hebdom. 
47,  1860;  Leyden  and  Salkowski,  Vlreh.  Arch.  vol.  54;  Zenker,  Deut.  Arch.  f. 
Min.  Med.  xvin.,  xxxii.;  Curschmann,  loc.  cit.;  Ungar,  Cent,  f.klin.  Med.  1880, 
Congress/,  innere  Med.  Wiesbaden  1883;  Pramberger,  Ueber  Jibrindse Bronchitis 
Graz  1881. 

580.     Stenosis  and  occlusion  of  the  bronchi  are  generally  the  result 
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of  inflammation.  When  the  bronchial  wall  is  infiltrated  and  the 
mucous  membrane  covered  with  exudations  and  secretions,  the  air-pas- 
sage is  always  to  a  certain  extent  obstructed,  and  some  of  the  smaller 
bronchi  are  frequently  blocked  up  entirely.  As  a  rule  this  obstruction 
passes  away,  the  morbid  accumulations  (mucus,  pus,  croupous  exuda- 
tions, etc.)  being  removed  by  absorption  and  expectoration,  while  the 
swelling  of  the  bronchial  wall  gradually  goes  down. 

Sometimes  however  the  secretions  are  only  imperfectly  removed,  and 
the  obstruction  persists  for  a  considerable  time.  This  is  most  frequently 
the  case  in  the  apices  of  the  lungs,  where  the  respiratory  movements 
are  less  marked  than  in  other  parts.  Secretions  which  are  rich  in  cells 
or  which  become  inspissated  and  viscid  are  apt  to  cause  chronic  obstruc- 


FlG.  217.     Two   OCCLUDED  BRONCHIOLES  3TIOM   A  TUBEKCtTLOrS  LUNG. 

{Preparation  injected  with  Prussian  Blue,  and  stained  with  ammonia-carmine:     X  25.) 

a,  caseous  contents  of  the  bronchioles 

6,  bronchial  wall  and  peribronchial  tissue  thickened  and  infiltrated  with  cells 

c,  arterioles 


tion.  Chronic  thickening  of  the  bronchial  wall,  whether  from  cellular 
infiltration  or  fibrous  hyperplasia,  has  much  the  same  effect. 

Persistent  obstruction  of  the  bronchi  may  result  from  simple  acute 
or  chronic  inflammation,  but  it  is  far  more  commonly  due  to  tubercu- 
lous inflammation.  This  is  owing  to  the  fact  that  in  tuberculosis  we 
have  not  only  thickening  and  infiltration  of  the  bronchial  wall  but  also 
a  secretion  which  contains  many  cells  and  little  liquid. 

In  chronic  pulmonary  tuberculosis  the  bronchi  are  always  affected, 
and  hence  there  are  always  a  certain  number  of  obstructed  bronchioles 
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in  the  diseased  region  (Fig.  217):  in  many  cases  indeed  most  of  the 
smaller  tubes  are  occluded,  and  this  fact  contributes  essentially  to 
produce  the  characteristic  appearance  of  the  consolidated  lung. 

The  contents  of  an  occluded  bronchus  always  become  caseous  (a),  so 
that  on  section  it  looks  like  a  round  encapsulated  caseous  node.  Only 
when  a  considerable  length  of  the  tube  is  filled  with  caseous  detritus 
and  when  the  section  cuts  it  more  or  less  longitudinally  does  it  present 
the  appearance  of  a  cylindrical  or  elongated  deposit.  The  boundary 
between  the  caseous  contents  and  the  bronchial  wall  is  sometimes  sharp 
and  distinct,  sometimes  ill-defined.  The  former  appearance  is  more 
characteristic  of  obstruction  from  catarrhal  bronchitis,  the  latter  of 
tuberculosis.  The  bronchus  and  the  tissue  around  it  are  generally 
thickened  in  the  neighborhood  of  the  caseous  deposit.  The  thickening 
after  catarrh  is  oftenest  simply  fibroid,  after  tuberculous  inflammation 
(Fig.  217  J)  it  is  more  cellular  and  in  part  necrotic  and  caseous. 

The  caseous  contents  of  the  tubes  may  after  a  time  become  calcified. 
Foreign  bodies  also   may   by  impaction   cause   obstruction   of  the 
bronchial    tubes.     They  give   rise,    according  to  their  chemical   and 
physical  character,  to  indurative,  purulent,  or  it  may  be  putrid,  inflam- 
mation. 

The  cicatricial  formations  which  follow  upon  destructive  inflamma- 
tion may  by  their  contraction  cause  marked  constriction  and  obstruc- 
tion of  the  bronchi:  this  is  well  seen  in  syphilitic  disease  of  the  larger 
tubes. 

In  rare  instances  obstruction  is  caused  by  the  growth  of  intrabron- 
chial  tumors. 

Lastly,  we  may  have  stenosis  by  compression  from  pulmonary  tumors 
or  inflammatory  growths,  and  at  the  root  of  the  lung  from  enlarged 
lymphatic  glands,  aortic  aneurysms,  or  oesophageal  tumors. 

For  the  C)nsequences  of  bronchial  obstruction  as  affecting  the  lung 
see  Chapter  lxxxiii. 

581.  Hyperplasia  and  induration.  After  long-enduring  bronchial 
catarrh  thickening  and  papillary  overgrowth  of  the  mucous  membrane 
is  sometimes  though  not  frequently  observed.  The  change  is  never 
extensive,  and  is  of  small  importance. 

The  induration  and  thickening  of  the  entire  bronchial  wall,  which 
results  from  certain  forms  of  inflammation,  is  much  more  important. 
The  change  is  most  frequently  observed  in  the  neighborhood  of  plugs 
of  inspissated  secretion,  though  it  occurs  also  in  unobstructed  tubes  and 
sometimes  extends  over  a  considerable  number  of  their  ramifications.  It 
may  also  affect  the  peribronchial  fibrous  tissue  and  even  extend  to  the 
contiguous  parenchyma  of  the  lung.  From  what  we  may  call  endo- 
bronchitis  is  developed  indurative  mesobronchitis  and  peribronchitis 
with  peribronchial  lymphangitis. 

Indurative  peribronchitis  may  also  arise  from  the  like  change  (cir- 
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rhosis)  commencing  in  tlio  lung,  the  process  either  being  of  the  nature 
of  direct  extension  or  advancing  from  the  bronchioles  of  the  indurated 
parenchyma  by  way  of  the  peribronchial  lymphatics  to  the  peribronchial 
fibrous  tissue  of  the  larger  tubes.  In  like  manner  the  inflammatory 
change  may  extend  from  inflammation  of  the  pleurae  or  of  the  interlobular 
septa.     In  rare  instances  the  induration  extends  from  the  fibrous  tissue 
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Fig.  218.    Indurative  Peribronchitis. 
(Ssction  stained  vnth  picrocarmine:  X  4.) 


a,  bronchi,  some  of  them  dilated 
5,  artsries 

c,  thickened  paribronchial  flbrous  tissue 

d,  radiating  bands  of  flbrous  tissue 

c,  thickened  bronchioles  blocked  up  with  S3cre- 
tion 


/,  fibroid  indurations  in  -which  the  bronchi  have 

not  b3en  cut  across 
gr,  thickened  pleura 
h,  pulmonary  tissue,  partly  emphysematous 


and  lymphatic  glands  at  the  root  of  the  lung,  and  proceeds  radially  along 
the  peribronchial  structures. 

The  appearance  of  a  bronchus  thus  thickened  and  indurated  varies 
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greatly  according  to  the  way  in  which  the  process  has  been  set  up.  If 
the  tube  is  unobstructed  (Fig.  218)  it  looks  on  section  like  a  thick- walled 
aperture,  sharply  defined  against  the  pulmonary  tissue  or  surrounded  by 
radiating  fibrous  bands  {d),  and  projecting  above  the  cut  surface.  If 
the  tube  is  filled  with  inspissated  secretion  (Fig.  21.8  e,  Fig.  21?  a),  the 
wall  looks  like  a  thickened  capsule  surrounding  it.  When  the  adjacent 
parenchyma  of  the  lung  is  devoid  of  air,  collapsed  (Fig.  218  e)  and  in- 
durated, there  is  no  sharp  line  between  the  thickened  bronchus  and  the 
altered  lung:  a  slight  difference  in  tint  and  in  consistence  is  all  that 
appears. 

Inflammations  issuing  in  suppuration  or  in  caseation  extend  to  the 
peribronchial  tissues  and  lymphatics  in  the  same  way  as  the  indurative 
variety:  they  often  extend  both  widely  and  deeply. 

In  tuberculous  bronchopneumonia  with  caseation  caseous  peribron- 
chitis is  always  present,  and  in  suppuration  of  the  lung  there  is  always 
a  certain  amount  of  purulent  peribronchial  lymphangitis.  Of  course  the 
tubes  immediately  connected  with  the  seat  of  disease  in  the  lung  are  the 
first  and  most  affected,  but  the  process  often  spreads  to  the  bronchi  of 
other  regions. 

Peribronchitis  being  thus  a  secondary  affection,  and  usually  asso- 
ciated with  bronchitic  and  pneumonic  processes,  it  is  always  accom- 
panied by  changes  in  the  lung  or  in  the  pleura  (Fig.  218  g).  Indeed 
these  latter  changes  are  frequently  the  most  apparent,  and  overshadow 
to  a  great  extent  the  peribronchial  lesions  (Art.  614).  Cases  however 
occur  in  which  these  are  so  marked  that  they  form  the  essential  char- 
acter of  the  disease. 

The  term  peribronchitis  is  used  in  the  text  in  a  much  more  restricted  sense 
than  is  usual.  Most  writers  include  under  it  the  nodular  indurations  of  broncho- 
pneumonia. It  is  thought  best  however  to  distinguish  between  the  finer  terminal 
or  respiratory  bronchioles,  and  those  which  serve  simply  as  air-passages.  The 
former  are  essentially  elements  of  the  parenchyma  of  the  lung,  and  their  inflam- 
mations are  essentially  pneumonic. 

For  references  see  Art.  582. 

582.  Bronchiectasis  or  dilatation  of  the  bronchi  results  partly  from 
increased  internal  pressure  on  the  bronchial  wall,  partly  from  changes 
in  its  structure  and  in  that  of  the  surrounding  pulmonary  tissue. 

The  dilatation  is  either  uniform  and  extending  over  one  or  more 
branches,  or  local  and  fusiform  or  saccular:  it  may  be  single  or  multiple. 
Frequently  we  meet  with  several  varieties  of  dilatation  in  the  same 
patient. 

Most  frequently  the  dilatation  is  due  to  long-standing  inflammatory 
affections  by  which  the  strength  and  elasticity  of  the  bronchial  wall  is 
considerably  diminished,  so  that  it  yields  to  the  internal  pressure  of  the 
respired  air.  Such  dilatations  are  usually  cylindrical,  and  are  most 
marked  in  the  lower  lobes.     When  the  wall  yields  unequally,  the  dilated 
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tubo  anf)Oiirs  sacf^nlatocl,  and  its  inner  surface  is  irregularly  corrugated 
with  annular,  (jl)li(jU(!,  or  reticulate  ridges  and  bands.  These  are  si nij)ly 
the  circular  fasciculi  of  the  bronchial  wall,  which  retain  to  some  extent 
their  form  in  spite  of  the  dilatation,  the  mucous  membrane  bulging  and 
yielding  between  them.  The  mucous  membrane  is  moreover  more  or 
loss  atrophied  and  infiltrated,  the  cartilages  are  often  partially  disinte- 
grated aiul  replaced  by  fibrous  tissue,  and  the  orifices  of  the  mucous  glands 
are  dilated  into  small  funnels.  Tiie  epithelium  is  sometimes  little 
ajtered;  but  in  other  instances  it  is  seen  that  the  columnar  cells  have  be- 
come mucoid  or  detached,  so  that  the  surface  is  lined  only  with  short 
cubical  or  club-shaped  cells  devoid  of  cilia.  This  is  especially  the  case 
where  there  is  much  catarrh. 

Bronchiectasis  is  especially  apt  to  occur  when  the  branches  of  an  in- 
flamed bronchus  are  partially  impermeable  to  air,  so  that  the  correspond- 
ing portion  of  the  lung  is  collapsed  and  functionless.  The  result  is  that 
on  inspiration  the  air  entering  the  bronchus  is  not  uniformly  distributed; 
and  even  if  the  neighboring  portions  of  the  lung  should  dilate  by  way  of 
compensation,  as  the  thorax  expands  the  air  which  rushes  in  is  still  un- 
equally distributed  and  bears  abnormally  on  the  obstructed  tube.  Ad- 
hesions and  thickenings  of  the  pleura  and  of  the  interlobular  fibrous 
tissue  have  often  a  like  effect,  inasmuch  as  they  interfere  with  the 
equable  expansion  of  the  lung,  and  lead  to  irregularities  in  its  distribu- 
tion within  the  bronchi.  Partial  atelectasis  (Art.  591)  persisting  after 
birth  acts  in  the  same  way.  When  the  pulmonary  tissue  round  a 
bronchus  undergoes  contraction,  it  may  in  certain  circumstances  exercise 
traction  on  the  bronchial  wall  and  cause  it  to  dilate.  Lastly,  when  the 
bronchial  secretion  accumulates  abnormally  in  an  obstructed  tube,  it  may 
give  rise  to  considerable  distention  and  dilatation. 

The  bronchiectases  brought  about  in  the  ways  just  enumerated  are 
seldom  fusiform  or  cylindrical.  They  are  often  saccular,  globular,  or 
irregular  in  form,  or  arranged  in  a  moniliform  series.  Sometimes  in  an 
indurated  lung  they  are  so  numerous  that  the  latter  appears  excavated 
in  all  directions.  In  very  rare  instances  we  meet  with  regular  cysts  filled 
with  mucus,  behind  a  bronchial  obstruction. 

In  these  dilatations  the  mucous  -nembrane  undergoes  changes 
similar  to  those  just  described. 

Papillary  outgrowths  are  very  rarely  met  with.  The  exterior  layers 
of  the  bronchial  wall,  and  the  peribronchial  fibrous  tissue,  are  frequently 
much  thickened,  especially  where  there  is  inflammatory,  induration  or 
cirrhosis  of  the  lung.  These  are  sometimes  distinguished  as  hyper- 
trophic bronchiectases. 

References: — Corrigan,  Dublin  3Icd.  Jowm.  1838;  Biermer,  Virchow's  Handb. 
d.  spec.  Path,  v.,  Virch.  Arch.  vol.  19;  Buhl,  Lungenentzilndung,  Tubcrculose 
und  Schwindsucht  Munich  1872;  Lebert,  Klinik  d.  Brustkrankheiteii  i. ;  Tro- 
JANOWSKY,  Beitrdge  z.  Lehre  von  d.  Bronchiectasie  In.  Diss.  1864;   Fixz,   Virch. 
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Arch.  vol.  51;  Jurgensen,  Ziemssere's  Cyclop,  ix.;  Lichtheim,  Arch.f.  exp.  Path. 
X.  1878;  Grancher,  Oaz.  med.  de  Paris  1878;  Leroy,  Arch,  de  physiol.  1879; 
CORNiL  and  Ranvier,  Man.  Path.  Hist.  ii.  London  1884;  Riegel,  ZiemsserCa 
Cyclop.  IV.;  Hamilton,  Path,  of  bronchitis  hondon  1883;  Heller,  D.  Arch.  f. 
klin.  Med.  xxxvi.  1885. 

Some  authors  (Biermer,  Riegel,  Rcndpleisch)  state  that  in  bronchiectasis 
the  mucous  membrane  and  the  muscular  coat  frequently  become  hypertrophied 
and  form  papillary  outgrowths,  but  this  Ziegler  has  not  been  able  to  verify.  The 
prominent  ridges  occasionally  observed  are  not  of  new  formation,  but  are  simply 
those  parts  of  the  wall  which  have  not  yielded  to  the  dilating  forces. 

583.  Ulceration  and  perforation  of  the  bronchial  wall  is  due 
either  to  inflammation  of  the  internal  surface  or  to  ulcerative  affections 
in  the  surrounding  tissues.  Purulent,  putrid,  and  tuberculous  inflam- 
mations are  those  most  apt  to  lead  to  ulceration  and  perforation  from 
within  (Art.  579). 

Suppuration  is  especially  likely  to  occur  when  septic  matters  are  in- 
haled with  the  inspired  air  or  when  the  bronchial  secretion  undergoes 
putrefactive  changes.  The  latter  takes  place  in  bronchiectases,  where 
the  secretion  is  apt  to  linger  for  a  considerable  time. 

When  perforation  occurs  and  the  originating  inflammation  extends 
to  the  surrounding  parts,  the  peribronchial  tissue  and  the  adjacent  lung- 
tissue  become  infiltrated,  and  according  to  the  character  of  the  inflamma- 
tion undergo  caseous  or  suppurative  and  putrid  disintegration.  Caseous 
or  purulent  bronchitis  thus  issues  in  caseous  or  purulent  peribronchitis, 
and  abronchiectasis  becomes  an  ulcerated  bronchiectatic  vomica.  The 
peribronchial  excavation  either  lies  beside  the  primary  dilatation  or  sur- 
rounds it  more  or  less  completely. 

The  destruction  of  the  bronchial  wall  is  at  first  usually  partial,  but 
in  time  it  becomes  complete;  and  the  bronchus  then  appears  to  open  into 
and  terminate  at  the  cavity. 

The  walls  of  the  cavity  may  appear  gangrenous,  caseous,  or  infil- 
trated and  indurated,  according  to  the  mode  in  which  it  has  arisen  and 
the  point  of  time  at  which  the  examination  is  made.  Its  liquid  contents 
are  puriform,  putrid,  or  mixed  with  fragments  of  caseous  detritus.  The 
putrid  liquid  contains  bacteria,  and  often  spherules  of  leucinand  needles 
of  tyrosin  and  margarin. 

The  cavity  usually  increases  in  size,  and  that  most  rapidly  when  the 
process  is  suppurative  or  gangrenous;  less  rapidly  when  caseation  takes 
place;  and  least  rapidly  when  the  lung  is  already  indurated  by  chronic 
inflammation.  The  destructive  process  may  advance  not  only  peri- 
pherally but  also  along  the  course  of  the  peribronchial  lymphatics:  in 
this  way  suppurative  and  caseous  peribronchitis  are  not  infrequently 
set  up. 

Ulceration  and  perforation  of  the  bronchi  from  without  are  associ- 
ated with  suppuration,  gangrene,  and  caseation  of  the  parenchyma  of 
the  lung:  they  are  extremely  common.     Caseous  or  suppurating  lymph- 
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atic  glands,  peribronchial  tumors,  and  aneurysms,  occasionally  break 
through  the  bronchial  wall. 

When  a  bronchus  is  thus  perforated  the  broken-down  tissues  and  de- 
tritus pass  into  its  lumen  and  are  either  coughed  up  or  aspirated  into, 
other  parts  of  the  lung.  Air  on  the  other  hand  may  enter  the  excava- 
tion from  tho  bronchus. 

On  the  tumors  of  the  bronchi  see  Art.  619. 


CHAPTER    LXXXI. 

STRUCTURE  AND  FUNCTION   OF  THE   LUNGS, 

584.  The  parenchyma  of  the  lung  is  composed  essentially  of  the 
terminal  bronchioles  and  alveoli  and  of  blood-vessels,  together  with  a 
certain  amount  of  connective  tissue  which  unites  the  ultimate  branches 
of  the  bronchi  into  lobules  and  marks  them  off  one  from  another. 

The  transition  from  the  air-tubes  to  the  respiratory  parenchyma  is 
very  gradual,  the  bronchial  walls  changing  in  structure  by  slow  degrees 
and  ultimately  becoming  sacculated.     The  bronchi  subdivide  dichoto- 


FiQ.  219.    Termination  of  a  bronchiole  and  of  a  pdlmonaey  arteriole, 

{Prepared  by  corrosion:  magnified  by  a  hand-lens.) 

A,  bronchiole  5,  pulmonary  arteriole 

raously  into  ever  finer  branches,  and  it  is  the  finest  terminal  branches 
or  bronchioles  which  go  to  form  the  respiratory  parenchyma.  At  first 
the  sacculations  or  alyeoli  occur  singly  (Fig.  219  B),  and  then  in  small 
groups  on  one  side  of  the  bronchiole.  The  tubes  which  are  thus  par- 
tially transformed  into  respiratory  tissue  are  known  as  respiratory 
bronchioles.  Each  respiratory  bronchiole  divides  into  two  or  three 
smaller  branches,  which  are  surrounded  on  all  sides  by  alveoli  {B)  and 
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are  known  as  alveolar  ducts.    The  terminal  alveoli  are  called  inf  undib- 
ula. 

As  the  smaller  bronchi  pass  into  the  respiratory  bronchioles  they 
alter  notably  in  structure.  The  cartilages  disappear,  and  the  epithelium 
is  reduced  to  a  single  layer  of  low  non-ciliated  cells,  which  ultimately 
take  the  form  of  broad  polygonal  pavement  cells  (Kolliker). 

As  the  respiratory  bronchiole  changes  to  an  alveolar  duct  these  modi- 
fied columnar  cells  in  turn  disappear,  and  the  epithelium  takes  the  form 
of  small  nucleated  granular-looking  pavement  cells  interspersed  with 
larger  hyaline  plates  some  with  and  some  without  nuclei.  The  muscular 
fibres  of  the  bronchioles  persist  as  annular  bands  surrounding  the  orifices 
of  the  lateral  alveoli  and  of  the  terminal  inf  undibula. 

The  epithelium  of  the  alveoli  is  like  that  of  the  alveolar  ducts. 
Their  walls  consist  of  a  delicate  membrane  strengthened  by  scattered 


Fig.  220.    Section  op  an  injected  healthy  lung  (x  20). 

a,  longitudinal,    b,  transverse  sections  of  respiratory  bronchioles,  alveolar  ducts,  and  inftm- 
dibula. 


filaments  and  bundles  of  elastic  tissue.  They  are  devoid  of  muscular 
fibres. 

The  clustered  alveoli  belonging  to  each  bronchiole  are  not  quite  con- 
tiguous, but  are  separated  by  spaces  which  are  filled  by  other  groups  of 
alveoli  and  mfundibula.  The  contiguous  groups  are  bound  together  by 
connective  tissue. 

In  preparations  made  by  maceration  or  corrosion  the  alveolar  ducts 
of  each  bronchiole  appear  thus  to  stand  apart  from  each  other;  while  in 
sections  (Fig.  220)  the  alveolar  tissue  looks  like  a  continuous  mesh  work, 
interspersed  with  transverse  and  longitudinal  sections  {a,  h)  of  bronchi- 
oles, alveolar  ducts,  and  infundibula.  At  the  boundaries  of  the  several 
bronchiolar  systems  we  find  broader  bands  of  connective  tissue  marking 
off  the  so-called  lobules. 
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The  pulmonary  parenchyma  derives  its  blood-supply  almost  entirely 
from  the  pulmonary  artery.  Its  capillaries  surround  the  walls  of 
each  air-cell  or  alveolus  (Fig.  220),  and  their  loops  project  into  its  cavity 
covered  only  by  the  thin  epithelial  lining.  The  terminal  branches  of 
each  arteriole  are  not  distributed  to  a  single  bronchiolar  system  only 
(Fig.  219  A),  but  supply  several  contiguous  systems:  they  anastomose 
freely  with  the  branches  of  neighboring  arterioles  (Fig.  220)  and  form  a 
continuous  network  of  vessels.  The  blood  from  the  capillaries  is  col- 
lected into  interlobular  veins  which  run  between  the  several  arterial 
areas. 

The  lymphatics  arise  in  clefts  and  spaces  lying  in  the  interalveolar 
septa.  The  radicles  unite  and  run  in  the  peribronchial  and  circum- 
vascular  tissue,  or  in  the  interlobular,  subpleural,  and  pleural  connec- 
tive tissue.  Both  bronchi  and  arteries  are  very  richly  supplied  with 
lymphatics. 

Throughout  the  whole  lymphatic  system  of  the  lung  we  meet  with 
collections  of  lymphoid  cells  (Friedlander,  Arnold,  Kollikek), 
which  are  either  round  or  fusiform.  In  children  these  lymphadenoid 
patches  contain  large  numbers  of  cells,  but  in  adults  they  are  often  more 
fibrous  and  pigmented.  The  pigment  is  enclosed  in  round,  fusiform,  or 
stellate  cells,  or  it  may  lie  free  between  them. 

References: — Text-books  of  normal  histology  such  as  Quain's  Anatomy  n. 
London  1882,  Klein's  Elements  of  Histology  London  1883;  Friedlander,  Virch. 
Arch.  vol.  68;  Arnold,  iMd.  vol.  80;  Kolltker,  Zur  Kenntniss  d.  Baues  d.  Lunge 
Wiirzburg  1881;  Klein,  Anatomy  of  the  lymphatic  system,  London  1875;  Feuer- 
STA.K,  Ueber  d.  Verhalten  d.  Epithels  bei  d.  Jibrindsen  Pneumonic  Gottingen  1883; 
KiJTTNER,  Die  Kreislaufsverhdltnisse  d.  Sdugethierlunge,  Virch.  Arch.  vol.  73; 
CoHNHEiM  and  Litten,  ibid.  vol.  65;  Zuckerkandl,  Ueber  Verbind.  zvnschen  den 
art.  Gefdssen  d.  menschl.  Lunge,  Wiener  Sitzungsberichte  Lxxxvii. 

The  pulmonary  artery  is  distributed  almost  entirely  to  the  parenchyma  of  the 
lung,  but  it  also  according  to  Kuttner  gives  off  small  branches  to  the  subpleural 
and  interlobular  connective  tissue  and  to  the  bronchial  mucous  membrane.  The 
pulmonary  arterioles  are  terminal,  but  by  dilatation  of  the  communicating  capil- 
laries connections  between  neighboring  arterial  territories  are  readily  established 
and  perform  the  function  of  anastomoses. 

The  branches  of  the  bronchial  arteries  subdivide  with  the  bronchi  and  supply 
these  and  their  nerves  and  lymphatic  trunks.  Their  capillaries  are  connected  with 
those  of  the  pulmonary  artery.  The  vessels  which  reach  the  lung  from  the  medi- 
astinal pleura  supply  the  subpleural  and  interlobular  lymphatics,  but  they  also 
communicate  with  the  pulmonary  and  bronchial  arterial  systems. 

585.  The  morbid  afifections  of  the  lung  originate  in  the  vascular 
system  or  in  the  bronchi,  or  are  extensions  by  contiguity  from  neighbor- 
ing parts. 

The  affections  starting  in  the  vascular  system,  that  is  to  say  depend- 
ing on  disturbance  of  the  circulation  or  disorder  of  the  blood,  make 
their  first  appearance  in  small  patches  corresponding  to  the  territory  of 
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an  arteriole,  or  they  at  once  extend  over  a  whole  lobe,  or  over  one  or 
both  lungs.  In  each  case  the  extent  and  distribution  of  the  local  change 
is  independent  of  the  disposition  and  configuration  of  the  smaller  air- 
tubes. 

With  regard  to  affections  of  bronchial  origin  it  must  be  noted  that 
mere  disturbance  of  the  influx  or  efflux  of  respired  air  may  give  rise  to 
grave  changes  in  the  pulmonary  parenchyma.  Impurity  of  the  respired 
air  is  a  still  more  potent  cause  of  disease,  as  it  leads  not  merely  to  mor- 
bid deposits  in  the  lung  but  also,  and  very  frequently,  to  inflammatory 
change.  This  latter  is  always  at  first  localized,  and  often  over  areas 
corresponding  precisely  to  the  distribution  of  the  bronchioles. 

Disease  of  parts  contiguous  to  the  lung,  and  especially  of  the  pleura, 
often  give  rise  to  pulmonary  injury  by  the  hindrance  or  obstruction  of 
the  respiration  which  they  cause.  In  other  cases  the  morbid  process 
itself  extends  from  the  surrounding  tissues  to  the  lung,  and  usually 
spreads  along  the  course  of  the  lymphatic  channels. 

Malformations  of  the  lung  are  on  the  whole  not  common.  Ab- 
sence of  one  or  both  lungs  only  occurs  in  cases  where  there  are  other 
grave  defects  of  development.  Absence  of  parts,  abnormal  smallness, 
etc.,  are  met  with  in  connection  with  malformation  or  deformity  of  the 
thorax.  A  small  accessory  lung  unconnected  with  the  trachea  has  once 
or  twice  been  observed. 

The  commonest  anomaly,  and  one  which  has  no  functional  signifi- 
cance, is  multiplication  of  the  lobes. 

In  some  of  the  lobes  or  in  parts  of  them  the  air-tubes  are  occasionally 
absent  or  ill-developed,  and  then  the  corresponding  part  of  the  paren- 
chyma consists  simply  of  continuous  cellular  and  highly  vascular  fibrous 
tissue.  The  bronchi  leading  to  the  airless  tissue  may  be  more  or  less 
dilated  (Art.  582). 

On  the  other  hand  we  sometimes  find  in  one  or  more  parts  of  the 
lung  large  vesicular  cavities  resembling  excessively  distended  alveoli. 

On  congenital  malformations  of  the  lungs  see  FiJRST  (Gerhardfs  Handb.  d. 
KinderkranMieit.  in.),  Rokitansky  {Path.  Anat.  iv.  (Syd.  Soc.)  London  1852), 
Maylard  and  L.  Humphry  {Journ.  of  Anat.  and  Physiol.  1885),  Edwards 
(Amer.  Jour.  vied.  sci.  1885). 


CHAPTER    LXXXII. 

DISORDERS  OF  CIRCULATION  IN  THE   LUNG. 

586.  Congestive  Iiyperaeinia  may  be  due  to  diminution  of  the 
normal  resistances  to  the  arterial  current  within  the  lung,  and  may  be 
induced  by  direct  stimuli  reaching  the  lung  through  the  respired  air.  as 
when  irritating  or  irrespirable  gases  are  breathed  or  when  the  air  is 
excessively  hot  or  excessively  cold.  It  is  also  the  iSrst  step  to  inflamma- 
tion. Partial  or  collateral  congestion  of  one  part  of  the  lung  sometimes 
results  from  obstruction  of  an  important  arterial  branch  in  another 
part. 

Congestion  of  the  lung,  when  it  is  not  collateral  or  due  to  local 
textural  or  vascular  change  (as  in  inflammation),  extends  uniformly  over 
the  whole  organ.  It  is  usually  transient,  and  is  very  seldom  fatal.  In 
the  fatal  form  of  congestion  called  vascular  pulmonary  apoplexy,  the 
lung  appears  swollen  and  abnormally  firm,  of  a  uniform  dark-red  color 
on  section,  and  containing  but  little  air;  the  capillaries  are  everywhere 
distended  with  blood  and  encroach  on  the  alveolar  cavities.  There  are 
nsually  some  scattered  extravasations  of  blood. 

Engorgement  or  passive  hypergemia  results  from  hindrance  or  ob- 
struction to  the  outflow  of  blood  through  the  pulmonary  veins,  or  from 
causes  tending  to  weaken  the  propelling  forces.  The  latter  appear  when 
the  activity  of  the  right  heart  is  impaired,  when  the  pulmonary  artery  or 
its  branches  are  obstructed,  or  when  the  respiration  is  interfered  with. 
Thus  when  (as  in  suffocation)  the  inspiratory  muscles  dilate  the  thorax 
while  air  is  prevented  from  entering  the  lungs,  blood  is  as  it  were 
pumped  from  the  extra-thoracic  vessels  into  the  intra-thoracic,  and  the 
blood  collects  and  stagnates  as  it  does  under  a  cupping-glass. 

Obstruction  to  the  outflow  of  blood  from  the  lung  is  most  frequently 
caused  by  valvular  lesions  of  the  left  heart;  but  the  same  effect  is  also 
indirectly  produced  by  obstructive  increase  of  pressure  within  the  aorta 
which  the  heart  is  at  length  unable  to  overcome,  and  by  relaxation  or 
degeneration  of  the  wall  of  the  left  ventricle. 

Failure  of  the  propulsive  power  of  the  heart  causes  engorgement 
chiefly  of  the  dependent  parts  of  the  lung  (hypostatic  engorgement): 
arterial  obstruction  causes  hyperemia  of  the  region  supplied  by  the 
artery  (Art.  589),  and  interference  with  respiration  ct^iises  hyperaemia  of 
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the  lobules  which  arc  prevented  from  acting  (Art.  51)1).      When  the  en- 
gorgement is  great  the  affected  parts  become  purple  or  livid  in  color. 

Passive  hyperoemia  may  give  rise  to  various  secondary  changes,  such 
as  haemorrhage,  oedenia,  dilatation  of  vessels,  and  loss  of  epithelium. 

Antemia  of  the  lung  may  be  due  to  general  anasmia.  When  it  is 
partial  it  is  usually  dependent  on  compression  or  excessive  inflation  of 
the  part.  After  deatli  the  blood  generally  flows  from  the  anterior  por- 
tions of  the  lung  to  the  deeper  and  posterior  portions. 

587.  When  in  consequence  of  endocarditis  and  valvular  thrombosis 
the  mitral  orifice  is  rapidly  obstructed  and  the  valve  rendered  incompe- 
tent, the  backward  pressure  and  consequent  engorgement  in  the  pulmo- 
nary veins  is  apt  to  be  very  great,  and  a3dema,  hasmorrhage,  and  epithe- 
lial desquamation  ensue. 

The  (Bdema  is  marked  by  the  escape  of  serous  liquid  into  the  alveoli 
(Art.  588),  but  in  this  variety  the  quantity  of  liquid  is  seldom  great. 
The  extravasation  of  blood  also  is  not  usually  considerable,  though  there 
are  here  and  there  small  hemorrhages  recognizable  even  with  the  unaided 
eye:  the  extravasated  blood  may  fill  the  alveoli  to  the  exclusion  of  air. 

The  epithelial  desquamation  is  sometimes  slight,  but  in  other  cases 
it  is  so  abundant  that  the  alveoli  are  all  but  filled  with  granular  or  homo- 
geneous epithelial  plates.  The  lung  then  looks  grayish-red,  and  is 
abnormally  firm  to  the  touch:  it  contains  little  air,  and  in  places  maybe 
entirely  airless.  The  desquamation  of  epithelium  is  due  to  the  transu- 
dation of  lymph  from  the  capillaries. 

Mitral  disease  of  long  standing,  when  accompanied  by  hypertrophy 
of  the  right  ventricle  and  permanent  increase  of  pressure  within  the 
pulmonary  vessels,  leads  to  the  condition  known  as  brown  induration 
of  the  lung.  The  organ  is  larger  and  firmer  than  usual,  it  contains  less 
air,  and  its  tissue  is  brownish-red  and  dry,  or  rarely  oedematous.  It 
often  contains  scattered  haemorrhagic  patches  and  spots  of  brown. 

The  principal  changes  are  dilatation  of  the  vessels  and  pigmentation 
of  the  tissues.  The  dilatation  is  most  marked  in  the  capillaries,  which 
protrude  into  and  encroach  on  the  alveolar  spaces. 

The  pigmentation  of  the  lusag  is  due  to  the  presence  of  yellow  and 
brown  granules  deposited  chiefly  along  the  course  of  the  lymphatics  in 
the  peribronchial,  circum vascular,  and  interlobular  tissues,  and  also  to 
some  extent  in  the  alveolar  walls.  The  granules  are  enclosed  in  stel- 
late, fusiform,  or  rounded  cells  or  lie  free  in  the  tissues.  The  alveolar 
epithelium  is  here  and  there  pigmented. 

The  pigment  is  derived  from  the  blood.  When  blood  escapes  from 
the  vessels  the  alveoli  are  at  first  more  or  less  filled  with  it.  Part  of  it 
passes  directly  into  the  lymphatics  which  communicate  with  the  lumen 
of  the  alveoli.  Another  portion  disintegrates  within  the  alveoli,  and  at 
the  same  time  white  blood-cells  migrate  from  the  capillaries  and  take  up 
the  disintegrated  matters,  becoming  thus  transformed  into  corpuscle- 
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carrying  and  pigment -granule  cells.  These  lie  at  first  within  the  alveoli 
and  are  sometimes  met  with  in  great  numbers.  Thence  they  may  pass 
into  the  bronchi  and  are  coughed  up,  but  the  greater  number  pass  into 
the  lymphatics  and  so  reach  the  lymphatic  glands,  or  remain  lodged  in 
the  tissues  of  the  lung,  especially  in  the  patches  of  lymphadenoid  tissue. 
The  detritus  of  the  blood  which  passes  directly  into  the  lymphatics 
lodges  in  the  same  parts;  the  ultimate  form  which  it  takes  being  in  all 
cases  that  of  brown  or  even  black  pigment. 

When  the  engorgement  and  excessive  pressure  persist  for  a  long  time 
the  walls  of  the  pulmonary  vessels  become  hypertrophied,  and  the  con- 
nective tissue  is  also  somewhat  increased.  According  to  Rindfleisch 
and  others  the  muscular  fibres  of  the  bronchi  and  alveolar  ducts  are  also 
hypertrophied. 

References: — Dittrich,  Beitr.  z.  path.  Anat.  d.  Lungenkrankheiten  Erlangen 
1850;  ViRCHOW,  Virch.  Arch.  vol.  1;  Zenker,  Beitr.  z.  norm.  u.  path.  Anat.  d. 
Lungen  Dresden  1862;  Buhl,  Virch.  Arch.  vol.  16;  Rindfleisch,  Path.  Hist.  n. 
London  1873;  Hertz,  Ziemnsen's  Cyclop,  v.;  Orth,  Virch.  Arch.  vol.  58;  Eberth, 
ibid.  vol.  73. 

588.  (Edema  of  the  lung  is  a  condition  in  which  the  alveoli  and 
bronchioles,  and  often  the  bronchi  also,  are  filled  with  serous  liquid  more 
or  less  mingled  with  air.  The  condition  may  extend  over  the  whole 
lung,  or  only  over  a  lobe  or  part  of  a  lobe.  The  pulmonary  tissue  may 
be  either  anemic  or  hyperaemic. 

Pulmonary  oedema  arises  in  various  ways.  It  generally  appears  in 
articulo  mortis  as  a  result  of  the  gradual  failure  of  the  heart.  Accord- 
ing to  CoHiirHEiM  it  occurs  when  the  outflow  through  the  pulmonary 
veins  is  opposed  by  an  obstruction  that  the  right  ventricle  cannot  over- 
come. This  is  the  case  when  from  weakness  or  excessive  aortic  resist- 
ance the  left  ventricle  fails  to  empty  itself  in  systole.  Cohnheim^s 
explanation  is  based  on  experiment  and  no  doubt  applies  to  many  cases 
of  ante-mortem  oedema,  but  not  to  all. 

Not  infrequently  the  signs  of  previous  engorgement  are  entirely 
absent,  and  the  distribution  of  the  oedema  is  so  irregular  that  we  cannot 
refer  it  to  a  condition  (like  engorgement)  extending  over  the  whole  lung. 
In  such  cases  we  must  assume  that  we  have  to  do  with  some  alteration 
of  the  vessel-walls  that  causes  them  to  be  abnormally  permeable,  and  is 
referable  to  the  disease  from  which  the  patient  has  suffered.  The  like 
explanation  will  apply  to  the  oedema  which  occasionally  results  from  the 
breathing  of  irrespirable  gases. 
I  Another  variety  is  the  inflammatory  oedema  which  generally  accom- 
panies certain  inflammatory  processes,  such  as  croupous  or  suppurative 
inflammation.  Lastly,  multiple  fat-embolism  of  the  pulmonary  arte- 
rioles may  give  rise  to  oedema  from  obstruction  of  the  capillary  circu- 
lation. 
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The  liquid  of  pulmonary  oedema  is  always  albuminous,  and  usually 
poor  in  cellular  elements  derived  from  the  blood.  The  cedema  of 
engorgement  not  rarely  is  due  to  liquid  which  contains  red  blood-cells, 
.often  in  such  abundance  as  to  give  it  a  hasmorrhagic  appearance. 

Epithelial  cells  are  sometimes  abundant  in  the  liquid,  sometimes 
scanty:  they  are  more  or  less  swollen  up.  If  catarrh  is  present  at  the 
same  time,  numbers  of  white  blood-cells  mingle  with  the  liquid.  Where 
pigmentation  of  the  lung  is  in  process  some  of  these  cells  contain 
pigment-granules. 

Rererences: — Cohnheim,  Allg.  Path.  i.  Berlin  1882;  Welch,  Virch.  Arch.  vol. 
73;  PosNER,  ibid.  vol.  79;  Falk,  ibid.  vol.  91;  S.  Mayer,  Wiener  Sitzungsber. 
Lxxvu.  1878.  Prager  med.  Woch.    14,  1880;  Litten,  Berl.  klin.  Woch.  1882. 

589.  HaBmorrhage  from  the  pulmonary  vessels  is  of  very  common 
occurrence  and  arises  from  a  great  variety  of  causes. 

In  the  first  place  haemorrhage  is  very  frequently  a  result  of  engorge- 
ment, especially  that  due  to  violent  inspiratory  efforts  with  obstructed 
access  of  air  (inspiratory  dyspnoea).  The  quantity  of  blood  which  escapes 
is  not  usually  so  great  as  to  cause  firm  haemorrhagic  infarction,  but  it 
may  lead  to  the  formation  of  rather  large  dark-brown  patches  of  infil- 
trated and  airless  tissue. 

When  a  large  quantity  of  serous  liquid  transudes  with  the  red  blood- 
cells  we  have  what  is  called  haemorrhagic  oedema  of  the  lung. 

When  the  air  is  entirely  displaced  from  the  lung-tissue,  so  that  it 
becomes  dark-red  and  not  unlike  a  soft  and  very  vascular  spleen,  the 
condition  has  been  termed  splenization  of  the  lung.  It  is  most  com- 
monly a  result  of  gradual  cardiac  paralysis  before  death:  the  blood  no 
longer  efficiently  propelled  accumulates  in  the  deeper  parts  of  the  lung 
and  so  gives  rise  to  what  we  might  describe  as  hypostatic  haemorrhagic 
oedema.  If  as  often  happens  inflammation  begins  in  the  engorged  region 
the  process  is  termed  hypostatic  pneumonia. 

Extravasation  of  blood  is  an  exceedingly  common  accompaniment  of 
pneumonic  and  bronchopneumonic  affections  (Arts.  602,  613). 

In  acute  inflammations  the  red  blood-cells  escape  from  the  vessels  with 
the  inflammatory  exudation,  of  which  indeed  they  form  a  component 
part.  In  the  later  stages  of  the  inflammation,  when  the  pulmonary 
tissue  breaks  down,  hsemorrhage  is  usually  due  to  the  rupture  of  small 
or  large  blood-vessels  whose  walls  have  been  softened  or  ulcerated 
through. 

In  the  case  of  the  larger  arterial  branches  the  wall  usually  yields  and 
becomes  dilated  into  a  small  aneurysm  before  actual  rupture.  These 
aneurysms  are  most  frequently  observed  on  vessels  which  traverse  or  lie 
in  the  wall  of  ulcerating  cavities.  When  they  rupture  more  or  less 
copious  haemorrhage  ensues,  and  the  cavities  together  with  the  bronchi 
which  open  into  them  are  flooded  with  blood. 
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Mechanical  injury,  like  that  caused  by  a  bullet  or  a  broken  rib,  gives 
rise  to  bleeding  whose  amount  depends  of  course  on  the  nature  and 
extent  of  the  wound. 

In  somewhat  rare  cases  pulmonary  hemorrhage  is  referable  to  a  con- 
genital or  acquired  hsemorrhagic  diathesis,  as  in  haemophilia,  in  purpura, 
or  in  scurvy;  or  to  infective  diseases  like  scarlatina,  typhoid,  and  small- 
pox; or  lastly  to  cerebral  disease,  especially  such  as  causes  disturbance 
of  the  respiratory  function.  In  the  latter  case  the  bleeding  may  be 
very  considerable,  whole  segments  of  the  lung  becoming  infiltrated  and 
airless. 

The  most  marked  form  of  haemorrhagic  infiltration  or  infarction 
is  that  which  follows  thrombosis  or  embolism  of  a  branch  of  the  pulmo- 
nary artery.  The  infarct  is  usually  subpleural,  of  a  sharply  defined  coni- 
cal form,  and  in  the  recent  state  dark  brownish-red  in  color  and  firm  in 
consistence.  When  the  blood  is  somewhat  leukasmic  the  infarct  may  be 
grayish-red  or  grayish-white  in  color.  The  emboli  come  from  the  right 
side  of  the  heart  or  from  the  systemic  veins  and  usually  lodge  at  the 
bifurcation  of  the  arterial  branches.  The  characteristic  extravasation 
takes  place  when  the  blood  reaching  the  embolized  region  from  the 
neighboring  capillaries  is  insufficient  to  maintain  the  circulation. 

Pulmonary  infarcts  vary  in  size  from  that  of  a  cherry-stone  to  that 
of  a  hen's  egg,  though  occasionally  they  are  much  larger.  The  pleura 
over  a  recent  infarct  is  smooth  and  glistening,  but  afterwards  it  becomes 
turbid  and  covered  with  a  thin  fibrinous  film. 

Embolism  of  a  pulmonary  arteriole  is  not  always  followed  by  haemorrhagic 
infarction,  though  the  arteries  are  terminal  in  Cohnheim's  sense  of  the  word 
(Art.  30).  Sometimes  of  course  death  ensues  before  there  is  time  for  the  forma- 
tion of  an  infarct,  but  apart  from  this  the  circulation  may  be  maintained  by  the 
free  influx  of  blood  from  the  neighboring  capillaries. 

References  oa' haemorrhagic  infarction  of  the  lung: — ViRCHO w,  (?esammeZ^e 
Abhandl.  Frankfort  1856;  Cohnhkim,  Allg.  Path.  I.  Berlin  1883;  Panum,  Virch. 
Arch.  vol.  25;  Willigk,  Prager  Vierteljahrsschrift  L. ;  Gerhardt,  Sammlung 
Minischer  Vortrdge  91,  GerhardVs  Handb.  d.  Kinderkrankh.  iii.;  Hamilton,  Liv- 
erpool med.  chir.  Journ.  5,  1883;  Litten,  Berl.  klin.  Woch.  1882. 

References  on  pulmonary  haemorrhage  in  cerebral  disease: — Pinel,  De  Vhe- 
morrhagie  pulmonaire  en  rapport  avec  les  lesions  du  eerveau  These  de  Paris  1876; 
NoTHNAGEL,  Cent.  f.  d.  med.  Wiss.  1874;  Jehn,  ibid.;  Brown  Sequaed,  Lancet 
1,  1871;  Charcot,  Legons  sur  les  maladies  du  syst.  nerv.  Paris  1875;  Carre, 
Archives  generales  1877. 

590.  Blood  exfcravasated  into  the  tissue  of  the  lung  is  re-absorbed 
provided  the  tissue  remains  otherwise  uninjured  (Art.  587).  The  cor- 
puscles dissolve  and  are  taken  up  in  solution,  or  they  break  up  and  pass, 
either  free  or  enclosed  in  cells,  into  the  lympliatics.  Thence  they  are 
carried  to  the  lymphatic  glands,  or  are  deposited  in  the  walls  of  the  lym- 
phatic vessels,  and  give  rise  to  black  or  brown  pigmentation.  Some  of 
the  cells  containing  disintegrated  blood  are  removed  with  the  sputum. 
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During  the  stage  at  which  the  lymphatics  and  the  alveoli  contain  a  large 
amount  of  disintegrated  blood  the  pulmonary  tissue  has  a  dirty  orange  or 
rusty  tint. 

In  more  copious  haemorrhage,  such  as  follows  the  rupture  of  an 
artery,  blood  passes  into  the  bronchi  and  is  coughed  up  (haemoptysis 
or  hasmoptoe).  Some  of  the  blood  may  be  aspirated  from  the  bronchi 
into  neighboring  branches  and  into  their  alveoli.  In  this  way  hoemor- 
rhagic  patches  exactly  resembling  primary  hcemorrhages  are  formed; 
usually  however  their  number  and  distribution,  and  the  circumstances 
in  which  they  occur,  enable  us  to  discern  their  nature. 

The  firm  hgemorrhagic  infarct  becomes  rapidly  decolorized,  assuming 
a  reddish-brown  or  rusty  tint.  Then  a  reactive  inflammatory  immigra- 
tion of  leucocytes  sets  in  from  the  vessels  of  the  contiguous  parts, 
and  accelera-tes  the  re-absorption  of  the  blood.  In  the  course  of  time 
such  infarcts  often  disappear  entirely,  leaving  no  permanent  structural 
change  behind.  In  other  cases  the  affected  region  is  indicated  by  a  more 
or  less  marked  but  seldom  very  definite  condensation  of  the  pulmonary 
tissue,  with  some  cicatricial  contraction;  the  pleural  surface  of  the  region 
is  slightly  drawn  in,  and  shows  a  certain  amount  of  fibroid  thickening 
with  white  radiating  bands  extending  from  it.  The  condensed  tissue  is 
sometimes  brown  or  slate-colored,  sometimes  undistinguishable  in  color 
from  the  surrounding  tissue.  The  condensation  is  due  partly  to  collapse 
of  the  infiltrated  alveoli,  partly  to  new-formation  of  fibrous  tissue  in  the 
alveolar  septa  by  which  they  are  thickened  and  bound  together  into  a  com- 
pacter  mass. 

The  embolus  is  meanwhile  absorbed  in  like  manner,  its  place  being 
indicated  by  slight  corrugations  of  the  wall  or  filaments  traversing  the 
lumen  of  the  artery. 

When  the  infarct  is  large  or  the  re-absorption  of  the  extra vasated  blood 
and  the  re-establishment  of  the  circulation  delayed,  part  of  the  infiltrated 
tissue  may  perish  and  break  down  into  an  inodorous  brownish-red  pulp: 
this  either  makes  its  way  into  a  bronchus  and  is  so  removed,  or  is  re- 
absorbed. The  loss  of  substance  is  repaired  by  the  development  of  cica- 
tricial tissue,  provided  no  septic  change  is  set  up  within  the  cavity. 

In  rare  instances  the  re-absorption  of  blood  and  disintegrated  lung- 
tissue  is  incomplete,  and  the  detritus  remaining  passive  for  a  time 
becomes  thickened  and  caseous,  and  at  length  calcified,  the  whole  being 
enclosed  in  a  capsule  of  new-formed  fibrous  tissue. 

When  the  embolus  causing  the  infarction  contains  at  the  same  time 
infective  matters  capable  of  setting  up  decomposition  or  suppuration,  or 
when  these  reach  the  injured  tissue  with  the  inspired  air,  we  may  have 
gangrene  or  suppuration  of  the  lung  (Art.  605). 


CHAPTEE    LXXXIII. 

ATELECTASIS,    COLLAPSE,    AND    EMPHYSEMA   OF  THE    LUNG. 

591.  In  the  unborn  child  the  lung  is  a  compact  structure,  the  alveoli 
exist  potentially,  but  they  are  everywhere  collapsed  and  airless.  When 
respiration  commences  the  alveoli  become  distended  with  air  into  hollow 
vesicles  and  the  epithelial  lining  of  their  walls  becomes  expanded  and 
flattened. 

If  the  respiration  is  imperfect  owing  to  the  occlusion  of  a  bronchus 
or  the  compression  of  some  part  of  the  lung,  some  of  the  lobules  remain 
unexpanded  and  retain  the  dense  fleshy  consistence  and  livid  tint  of  the 
foetal  organ.  This  condition  is  known  as  foetal  atelectasis  or  apneu- 
matosis. 

When  a  part  of  the  lung  which  has  once  acted  becomes  from  any 
cause  airless  it  is  said  to  be  collapsed  or  atelectatic.  The  condition  may 
be  due  to  compression,  or  to  obstruction  of  a  bronchus.  Compression  of 
the  lung  is  most  commonly  brought  about  by  the  collection  of  air  or 
liquid  in  the  pleural  cavity,  or  by  excessive  elevation  of  the  diaphragm: 
it  may  also  be  due  to  aortic  aneurysm,  spinal  curvature,  thickening  and 
contraction  of  the  pleura,  distention  of  the  pericardium,  etc.  The  com- 
pression may  be  partial  or  total,  and  the  collapse  may  be  more  or  less 
complete. 

When  the  collapse  affects  the  whole  lung  and  is  complete,  the  organ 
is  usually  squeezed  up  against  the  spine,  and  its  tissue  is  dense,  tough, 
and  airless:  its  color  is  generally  pale  pink  or  gray.  Collapsed  segments 
of  the  lung  have  a  similar  appearance,  but  there  is  often  more  blood  in 
the  part  and  so  it  has  a  redder  color. 

When  a  bronchus  or  bronchiole  is  occluded  by  secretion  or  other 
cause,  the  corresponding  segment  always  becomes  airless  after  a  time. 
LiCHTHEiM  states  that  the  oxygen  of  the  enclosed  air  is  first  absorbed  by 
the  blood,  then  the  carbonic  acid,  and  ultimately  the  nitrogen;  the  lung 
shrinking  to  its  foetal  condition. 

As  the  collapsed  part  no  longer  expands  or  contracts  with  respiration, 
and  its  capillaries  are  much  folded  and  contorted,  a  certain  amount  of 
engorgement  takes  place.  The  unexpanded  tissue  thus  looks  somewhat 
livid  in  tint,  and  is  retracted  or  sunken  in  comparison  with  the  normal 
tissue. 

Obstructive  collapse  is  extremely  common  and  is  indeed  a  usual  accom- 
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panimcnt  of  inflammation  of  tlic  smaller  bronchi.  Post  mortem  the 
liin<;  looks  mottled  with  livid  retracted  patchcB  alternating  with  pink  or 
reddish-white  air-containing  regions. 

References:— Weber,  Beitr&ge  z.  path.  Anat.  d.  Neugebomcn  Kiel  1852;  IUn- 
TELS,  Ttrc/i.  Arch.  vol.  21;  Hertz,  ZicmsHcn's  Cyclop,  v.;  Ceuiiaiidt,  Virc}i. 
Arch.  vol.  11,  and  GerhardVa  Handh.  (U  Khiderkranlch.  in.;  Lichthei.M,  Arrh.  f. 
exp.  Path.  X.;  Traube,  Gcsamin.  BeitrCujc  z.  Physiol,  u.  Path.  Berlin  1871; 
Balzer,  Qaz.  mM.  de  Paris  1878;  Romelaere,  De  I'atclectasie pubnonairc  Brus- 
sels 1881;  ScuuCHART,  Virch.  Arch.  vol.  101. 


Fig.  221.    Cirrhosis  from  collapse  of  the  pulmonary  tissue. 

{Horizontal  section  through  the  apex  of  the  lung,  stained  with  picrocarmine  and  mounted  in 

Canada  balsam  :     x  5.) 


a,  bronchi  plugged  with  secretion 

b,  obliterated  bronchioles 

c,  small  bronchus  distended  with  secretion 


d,  pulmonary  arterioles 

e,  collapsed  indurated  pulmonary  tissue 

/,  normal,  j7,  emphysematous  pu'inanary  tissue 


592.  Results  of  collapse.  When  a  part  of  the  lung  remains  col- 
lapsed for  some  time  certain  changes  in  its  tissues  usually  make  their 
appearance.  Small  haemorrhages  take  place  from  the  engorged  vessels, 
by  which  the  tissue  becomes  permeated  by  blood-cells  and  to  some  extent 
pigmented:  it  is  however  beyond  doubt  that  much  of  the  black  pigment 


832  THE    EESPIRA.TOEY    ORGANS. 

whicli  is  ultimately  deposited  in  the  collapsed  tissue  is  simply  dust  and 
carbonaceous  matter  inhaled  before  the  bronchi  became  occluded.  Pres- 
ently the  alveolar  septa  cohere  and  coalesce,  and  the  tissue  is  trans- 
formed into  a  more  or  less  compact  and  continuous  mass  (carniflcatioii). 

The  cohesion  of  tlie  alyeolar  walls  and  the  consequent  condensation 
and  induration  of  the  tissue  probably  never  take  place  without  some 
slight  inflammation,  which  is  either  conducted  from  the  inflamed  bron- 
chi or  set  up  by  the  extravasated  blood.  After  a  time  but  few  remnants 
of  pulmonary  structure  can  be  made  out  in  the  collapsed  region,  and  in 
them  the  septa  are  thickened,  the  few  shrunken  alveoli  are  filled  with 
cells,  and  the  epithelium  for  the  most  part  lost.  Other  parts  (Fig.  321 
e)  consist  of  dense  and  compact  fibrous  tissue,  usually  much  pigmented 
and  resembling  black  india-rubber. 

This  condition  we  may  call  the  cirrhosis  of  collapse  :  from  the 
pigmentation  which  is  always  present  it  is  often  referred  to  as  gray 
induration. 

It  is  most  common  about  the  apex  of  the  lung  (Fig.  221),  where 
catarrhal  obstruction  of  the  bronchi  {a)  frequently  takes  place  and  leads 
to  the  collapse  of  the  corresponding  alveoli  with  the  changes  just 
described . 

The  occluded  bronchi  are  often  hypertrophied  (a)  and  distended  with 
the  accumulated  secretion  (c).  The  small  respiratory  bronchioles  {b)  are 
nearly  all  obliterated. 

The  surface  of  the  condensed  portion  is  always  shrunken  and  dis- 
torted, and  there  are  generally  adhesions  between  the  pleural  surfaces 
which  show  that  at  some  time  or  other  inflammation  has  existed  about 
the  parts. 

The  pulmonary  tissue  lying  between  the  collapsed  regions  is  partly 
normal  ( /),  partly  emphysematous  (g);  it  often  includes  small  islands  of 
collapsed  and  indurated  tissue  (e).  The  bronchi  which  are  still  pervious 
to  air  are  not  infrequently  dilated  (Art.  582). 

When  part  of  the  lung  persists  in  a  state  of  foetal  atelectasis,  the  pul- 
monary tissue  is  by  degrees  transformed  into  compact  unpigmented  fibrous 
tissue,  sometimes  interspersed  (Heller,  Feustel)  with  bits  of  cartilage 
and  adipose  tissue,  the  obliterated  alveoli  being  represented  by  a  few 
clusters  of  epithelial  cells.  The  corresponding  bronchi  are  in  general 
somewhat  dilated,  so  that  the  unpigmented  tissue  is  traversed  by  smooth- 
walled  channels  and  cavities  of  various  sizes:  in  particular  instances  these 
may  be  as  large  as  a  hen's  egg.  The  cavities  are  lined  Avith  cylindrical 
epithelium,  and  like  other  bronchiectases  may  be  the  seat  of  inflamma- 
tory change. 

Heller  (Naturforscherversammlung  in  Freiburg  1883,  D.  Arch.  f.  Jclin.  Med. 
xxxvi.  1885)  and  Feustel  ( Ueber  die  spdteren  Schicksale  der  AteleMase  In.  Diss. 
Kiel  1883)  have  recently  directed  attention  to  the  bronchiectasis  which  may  follow 
upon  foetal  atelectasis.     Ziegler  has  met  with  a  typical  example  in  the  case  of  a 
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man  of  35,  in  whom  about  a  quarter  of  the  upper  lobe  of  the  left  lung  \\;i.s  trans- 
forsied  into  dense  white  fibrous  tissue,  excavated  in  all  directions  by  smooth- 
walled  cavities  lined  witli  cylindrical  epithelium  and  communicating  with 
bronchi.  The  largest  cavity  was  about  as  large  as  a  hen's  egg.  There  were  no 
signs  whatever  of  any  previous  inflammation. 

593.  When  the  thorax  is  over-distended  by  forced  inspiration,  or 
when  one  part  of  the  lung  is  pervious  to  air  while  another  part  is  shut 
off,  the  pervious  parts  become  excessively  inflated  and  a  condition  which 
we  may  describe  as  acute  vesicular  emphysema  is  induced.  The 
alveoli  are  not  altered  in  structure  but  are  simply  over-distended.  This 
condition  is  very  commonly  the  result  of  bronchopneumonia.  The  dis- 
tended lobules  are  pale  and  anaemic,  and  those  that  lie  immediately 
beneath  the  pleura  project  like  little  blebs  above  the  level  of  the  normal 
or  atelectatic  parts. 

When  the  pressure  within  an  alveolus  exceeds  a  certain  amount  its 
wall  gives  way,  and  air  enters  the  interalveolar  tissue  and  especially  the 
lymphatic  channels.  This  condition  is  called  iritervesicular  emphy- 
sema. It  is  generally  a  result  of  bronchitis  or  bronchopneumonia 
accompanied  by  violent  coughing,  and  is  met  with  in  children  who  have 
died  of  asphyxia  during  the  course  of  these  affections.  It  has  also 
occurred  from  over-energetic  attempts  to  insufQate  the  lungs  of  stillborn 
infants. 

The  alveoli  of  the  anterior  border  of  the  upper  lobe  are  the  most  apt 
to  give  way.  The  inflated  vesicles  are  usually  subpleural  and  may  be  as 
large  as  a  pea.  Sometimes  air  passes  from  them  under  the  pleura 
towards  the  root  of  the  lung  and  into  the  mediastinal  adipose  tissue, 
sometimes  even  inflating  the  subcutaneous  structures  of  the  neck  and 
thorax  (subcutaneous  emphysema). 

594.  When  the  alveoli  are  subjected  to  persistent  or  often-repeated 
distention,  partial  atrophy  and  yielding  of  their  walls  ensue,  and  two  or 
more  alveoli  being  thus  converted  into  one  the  pulmonary  tissue  is  to 
that  extent  'rarefied.'  This  state  is  called  chronic  vesicular  emphy- 
sema or  simply  emphysema.  Its  production  may  be  facilitated  by  dis- 
orders of  nutrition,  such  for  example  as  accompany  local  inflammation 
or  senile  decay.  The  lungs  of  many  persons  seem  also  normally  to 
possess  but  little  power  of  resistance  to  over-distention. 

The  atrophy  of  the  septa  begins  at  the  point  where  they  are  thinnest, 
and  first  appears  in  the  widening  of  the  intercapillary  spaces  (Fig.  223  a) 
and  the  yielding  or  disappearance  (6)  of  the  elastic  fibres.  Holes  and 
gaps  next  appear  between  the  capillaries  in  the  septa;  they  are  at  first 
very  small  (b),  but  soon  enlarge  (d).  The  over-stretched  capillaries 
become  impervious  (c)  and  ultimately  give  way  (d). 

By  the  gradual  extension  of  this  process  many  of  the  septa  and  their 
capillaries  at  length  disappear,  the  thicker  fibrous  bundles  which  sur^ 
round  the  alveolar  ducts  being  the  last  to  go. 
9 
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The  epithelmm  in  passive  throughout  and  often  shows  signs  of  de- 
generative (especially  fatty)  change.  Sometimes  the  tissue  is  inflamed 
and  infiltrated,  but  this  has  nothing  to  do  with  the  emphysema  as  such; 
it  is  simply  a  concomitant  of  the  catarrh  which  so  frequently  affects 
patients  suffering  from  emphysema. 

Chronic  emphysema  may  be  due,  like  the  acute  variety,  to  persistent 
inspiratory  over-distention  of  the  lung-tissue.  This  occurs  chiefly  in 
cases  where  parts  of  the  lung  are  collapsed  and  functionless  (Art.  592), 
and  the  neighboring  parts  (Pig.  221  g)  are  accordingly  over-distended. 
We  might  describe  this  as  vicarious  or  compensatory  emphysema.     It  is 


Fig.  222.    Chronic  VBSictTLAB  emphysema. 
{Injected  preparation,  stained  ivith  carmine  and  mounted  in  Canada  balsam, :    X  200.) 


a,  dilated  intercapillary  spaces  with  epithelial 
ceUs 

by  gaps  in  the  alveolar  septa  (Eppinger's  pri- 
mary dehiscence) 


c,  capillary  in  process  of  obliteration 

d,  larger  gaps  in  the  alveolar  septa  and  in  the 

capillary  network  (Eppinger's  secondary 
dehiscence) 


sometimes  lobular,  sometimes  lobar  in  its  extension.     The  emphysema- 
tous lobules  are  inflated  and  the  alveoli  abnormally  large. 

On  the  other  hand  emphysema  also  results  from  persistent  and  violent 
expiratory  efforts,  in  conditions  which  interfere  with  the  egress  of  air 
from  the  alveoli,  ingress  being  unimpeded.  This  is  the  case  in  the  im- 
portant variety  described  as  chronic  idiopathic  diffuse  emphysema  or 
simply  general  emphysema,  an  affection  which  is  very  common  in 
persons  subject  to  chronic  bronchial  catarrh  or  to  frequently-recurring 


ATELECTASIS,    COLLAPSE,    AND    EMPHYSEMA    OF    LUNG. 


835 


expiratory  dyspnoea,  or    obliged   to    make  violent    expiratory  efforts    in 
connection  with  their  employment. 

This  form  of  emphysema  extends  over  the  whole  lung,  though  it  is 
usually  most  marked  at  the  edges  and  apices  of  the  lobes,  and  at  the 
base.  When  the  lung  is  removed  from  the  thorax  it  appears  abnor- 
mally large,  its  edges  obtuse  and  rounded,  and  the  base  frequently 
studded  with  hemispherical  bladder-like  prominences.  The  air-vesicles 
are  everywhere  enlarged  by  the  disappearance  of  interalveolar  septa, 
sometimes  so  much  so  that  they  look  like  bullae  and  range  in  size  from 
that  of  a  pea  to  that  of  a  hen's  egg.     The  latter  is  chiefly  the  case  at  the 


•a 


[Fig.  223.    Earefied  pulmonary  tissue  m  emphysema. 
{Injected  Reparation :    X  20.) 

a,  infundibular  vesicles  produced  by  disappearance  of  interalveolar  septa 
6,  larger  vesicles  produced  by  coalescence  of  infundibular  vesicles 

edges  and  base,  and  there  as  a  rule  only  in  the  lung-tissue  immediately 
beneath  the  pleura.  The  smaller  vesicles  (Fig.  223  a)  are  formed  by 
the  disappearanc3  of  the  interalveolar  septa  belonging  to  a  single  infun- 
dibulum;  the  larger  vesicles  (b)  to  the  disappearance  of  the  partitions 
between  adjacent  iufundibula. 

"When  there  is  much  atrophy  of  the  parenchyma  the  distended  lung 
feels  remarkably  soft  and  downy,  and  its  edges  are  markedly  translu- 
cent. If  the  air  is  pressed  out  the  lung  becomes  a  mere  flaccid  inelastic 
mass  with  membranous  edges. 


*«; 


836 


THE   EESPIRATOKT   ORGANS. 


Chronic  idiopathic  emphysema  is  occasionally  limited  to  a  part  of  the 
lung,  usually  to  the  edges.  In  this  case  the  expiratory  obstruction  has 
obviously  been  also  local. 

When  some  of  the  vesicles  in  the  general  or  in  the  local  form  are  of 
exceptional  size  we  have  what  is  called  bnllous  emphysema.  The  air 
is  usually  not  easily  pressed  out  of  the  larger  vesicles. 

The  above  account  refers  the  production  of  emphysema  chiefly  to  mechanical 
causes,  namely  to  abnormal  distention  of  the  alveolar  walls;  but  the  atrophy  of 
the  latter  may  be  much  accelerated  by  malnutrition  or  senile  decay  of  the  pul- 
monary tissue.  In  senile  emphysema  the  latter  factor  is  of  essential  importance, 
though  the  mechanical  factors  must  not  be  entirely  overlooked. 

In  emphysema  a  large  number  of  capillaries  are  obliterated,  and  the  vascular 
area  of  the  pulmonary  artery  being  thus  contracted  the  resistance  to  the  circula- 
tion through  it  is  increased.  Compensatory  hypertrophy  of  the  right  ventricle 
is  thus  a  frequent  concomitant,  while  the  pulmonary  arterioles  that  remain  are 
often  visibly  dilated. 

References  : — Jenner,  Med.  chir.  Trans,  xi.  1857;  Biermer,  Sammlung  Mm. 
Vortrdge  12,  Virchow's  Handb.  d.  spec.  Path.  v. ;  Knauthe,  Schmidt's  Jahrbucher 
vol.  163;  Hertz,  Ziemssen's  Cyclop,  v.;  Lichtheim,  Arch.  f.  exp.  Path.  x.  1878; 
Ehebald,  Deut.  med.  Woch.  1881 ;  Riegel  and  Edinger,  Zeitschr.  f.  Min.  Med. 
1882-83;  Villemin,  Arch.  gen.  de.  med.  1866;  Bayer,  Arch.  d.  Heilk.  ii.;  Thieb- 
FELDER,  Atlas  d.  path.  Hist.  I.  (Plate  Vi.);  Eppinger,  Viertelj.  f.  prakt.  Hellk. 
vol.  132. 


CHAPTER  LXXXrV. 

DEGENERATIONS   OF  THE   LUNG. 

595.  Tho  noii-inflainmatory  degenerations  of  the  pulmonary 
tissue  are  of  comparatively  slight  importance,  and  have  no  practical 
interest  for  the  physician.  Emphysema  and  senile  atrophy  may  form 
nominal  exceptions,  and  they  have  already  been  discussed  in  Art.  594. 

Swelling,  fatty  degeneration,  and  desquamation  of  the  pulmonary 
epithelium  accompany  every  copious  transudation  into  the  alveoli, 
inflammatory  or  non-inflammatory.  The  inhalation  of  deleterious  sub- 
stances also  leads  to  manifold  injury  of  epithelium,  blood-vessels,  and 
fibrous  stroma;  but  the  changes  so  induced  are  of  altogether  secondary 
importance  in  comparison  with  the  inflammation  which  is  at  once 
set  up. 

Among  degenerative  changes  due  to  disorders  of  nutrition  we  may 
mention  fatty  degeneration  of  tlie  epithelium  and  amyloid  degeneration 
of  the  fibrous  structures.  The  former  occurs  in  emphysema  and  in 
poisoning  by  phosphorus  and  arsenic,  the  latter  in  conditions  which  lead 
to  the  like  change  elsewhere.  It  is  however  to  be  kept  in  mind  that  the 
lung  is  on  the  whole  but  rarely  the  seat  of  amyloid  change,  and  that  the 
walls  of  the  blood-vessels  are  most  apt  to  be  affected. 

Calcification  of  the  fibrous  stroma  of  the  lung  is  rare,  except  in  cases 
where  the  tissue  has  been  morbidly  altered  by  antecedent  inflammation. 

References :— Buhl,  Lungenentzundung,  Tuberculose  u.  Schvnndsucht  1873 
(fatty  and  amyloid  change);  CORNIL  and  Brault,  Joum.  de.  Vanat.  et  de  la 
physiol.  XVIII.  1882  (phosphorus  and  arsenic  poisoning);  Cornil,  Arch,  de  physioL 
1874  (hyaline  degeneration);  Zahn,  Virch.  Arch.  vol.  73  (stratified  corpora 
amylacea);  von  Recklinghausen,  Allgem.  Path.  Berlin  1883  (ditto);  Chtari, 
Wien.  med.  Woch.  1,  1878  (calcification);  Hlava,  Wien.  med.  Blatter  36,  1883 
(calcification  of  pulmonary  vessels);  Okth,  Lehrb.  d.  spec.  path.  Anat.  n.  Berlin 
1885. 


CHAPTER  LXXXT. 

PULMONARY  INFLAMMATIONS  IN  GENERAL. 

596.  All  acute  inflammations  of  the  lung  of  any  intensity  are 
marked  by  exudation  into  the  respiratory  air-spaces,  the  exudation  fol- 
lowing upon  an  initial  congestive  hyperaemia  of  the  lung-tissue. 

The  exudation  either  consists  of  a  clear  albuminous  liquid  (as  in 
inflammatory  oedema),  or  contains  a  large  number  of  leucocytes  (as  in 
catharrhal  or  purulent  inflammation)  or  of  red  blood-cells  (hsemorrhagic 
exudation). 


Fig.  234.    Recent  BRONCHOPrrEDMONiA. 
(.Section  treated  vdth  Midler' s  fluid  and  picrocarmine,  and  mounted  in  glycerine  :     X  300.) 


a,  alveolar  septa  with  distended  capillaries 

b,  detached  epithelial  plates,  nucleated  and 

non-nucleated 
c  d,  epithelial  plates  containing  granules  and 
oil-globules  around  the  nuclei 


e,  detached    epithelial    cells,    nucleus    little 

altered 
/,  swollen  epithelial  cells,  nucleus  obscuredTby 

granules 
g,  leucocytes 


This  exudation  is  always  followed  by  more  or  less  marked  desquama- 
tion of  the  epithelium  lining  the  alveoli,  alveolar  ducts,  and  respiratory 
bronchioles. 

The  large  nucleated  and  non-nucleated  epithelial  plates  (I'ig.  224  b) 
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arc  often  dctaohed  iuuiILimxmI;  when  the  exudation  is  sudden  and  aljun- 
dant  they  are  often  shed  in  coherent  flai<od.  Oil-globules  frequently  occur 
in  thorn  (c),  usually  aGji^M-Cf^ated  around  the  nucleus  (d). 

The  small  protoplasmic  nucleated  epithelial  cells  are  also  partially 
detached;  many  however  remain  all  but  unaltered  (e),  appearing  only  a 
little  swollen  or  studded  with  fat-granules  (/)  which  to  some  extent 
obscure  the  nucleus. 

The  blood-vessels  are  at  first  distended  with  blood  (a),  the  alveolar 
septa  and  walls  of  the  bronchi  being  saturated  with  liquid  and  beset 
with  a  moderate  number  of  extravasatcd  leucocytes.  The  lymphatics 
also  contain  some  exuded  liquid,  and  the  lymphatic  glands  are  swollen. 
AVhcn  the  onset  of  the  inflammation  is  less  sudden  the  exudation  is  at 
first  more  scanty,  and  the  epithelial  desquamation  is  accordingly  less 
extensive. 

The  lung-tissue  when  recently  inflamed  is  reddened,  contains  little 
air  or  none,  and  on  pressure  yields  a  more  or  less  turbid  gray  or  grayish- 
red  or  even  blood-stained  liquid. 

The  changes  in  the  puhnonaiy  epithelium  and  blood-vessels  which  accompany 
the  beginning  of  inflammation  have  frequently  been  the  subject  of  investigation 
histological  and  experimental.  Experimenters  have  set  up  inflammation  in  the 
lung  either  by  cutting  the  vagus  nerve  or  the  recurrent  laryngeal  nerve,  or  by 
injecting  irritating  liquids  such  as  solution  of  perchloride  of  iron  or  solution  (1 
per  cent)  of  nitrate  of  silver.  Section  of  these  nerves  causes  paralysis  of  the 
laryngeal  muscles,  and  saliva  and  other  matters  get  into  the  air-passages  from 
the  mouth.  When  these  are  aspirated  into  the  alveoli  they  set  up  a  local  inflam- 
mation, which  is  well-adapted  for  purposes  of  investigation. 

References: — Traube,  Gesamm.  Abhandl.  I.  Berlin  1871;  Colberg,  Deut.  Arch, 
f.  klin.  Med.  ii.  1866;  Friedlander,  Untersuch.  uber  Lungenentzilndung  Berlia 
1873,  Virch.  Arch.  vol.  68;  Frey,  Die  path.  Lungenveranderungen  nach  Ldh- 
mung  d.  N.  vagi  Leipzig  1877;  Sommerbrodt,  Virch.  Arch.  vol.  55;  Veraquth, 
ibid.  vol.  83;  Wagner,  Arch.  d.  Heilk.  vii.,  vin. ;  Curschmann,  Deut.  Arch.  f. 
klin.  Med.  xxxii.;  Cornil  and  Ranvier,  Man.  Path.  Hist.  ii.  London  1884; 
Feld,  Experiment.  Beitrdge  z.  Schluck-  und  Vaguspneumonie  In.  Diss.  Bonn 
1875;  Fkuerstack.  Ueber  d.  Verhalteii  d.  Epithets  d.  Limgenalveolen  bei  d.  fibri- 
nosen  Pneumonic  Gottingen  1882;  Hamilton,  Pathology  of  bronchitis  London 
1883. 

597.  "When  the  exudation  has  reached  its  highest  point  the  affected 
tissue  is  usually  devoid  of  air,  the  alveoli  being  filled  with  the  exuded 
matters  and  with  desquamated  epithelium.  We  may  distinguish  certain 
varieties  of  pulmonary  inflammation  by  the  nature  of  the  accompanying 
exudation. 

In  liaemorrahagic  inflammatioii  the  chief  contents  of  the  alveoli 
are  red  blood-corpuscles,  and  the  inflamed  region  has  a  dark-red  or 
brown  color. 

In  catarrhal  inflammatioii  the  contents  of  the  alveoli  consist 
mainly  of  liquid  and  small  rounded  cells  with  some  admixture  of  larger 


840 


THE   KESPIEATOET   OEGAN8. 


squamous  cells  (Fig.  225).  When  these  larger  cells  are  the  more  numer- 
ous (Figo  227  c)  the  affection  is  often  spoken  of  as  desquamative  catarrh, 
the  assumption  being  that  the  large  cells  are  detached  alveolar  epithelial 
plates.  This  is  however  by  no  means  always  the  case,  for  such  cells  are 
not  infrequently  developed  from  extravasated  leucocytes.  A  portion  of 
lung  affected  with  catarrh  looks  red,  grayish- red,  gray,  or  grayish-yel- 
low according  as  it  contains  much  or  little  blood;  on  pressure  it  yields  a 
grayish  liquid  more  or  less  mingled  with  blood. 

Croupous  inflammation  is  characterized  by  the  coagulation  of  the 
exudation,  fine  threads  of  fibrin  appearing  between  the  cells  contained 
in  the  extravasated  liquid  (Fig.  226)  and  making  the  whole  cohere  into 
a  compact  semi-solid  mass. 

Coagulated  exudations  of  this  kind  consist  chiefly  of  liquid  mingled 
■with  red  and  white  blood-cells  and  epithelium,  coagulation  setting  in  oa 
the  white  blood-cells  dissolve. 


Fig.  325.  Fig.  226. 

Fig.  225.    Catakrhal  bronchopneumonia. 

{Injected  preparation  stained  with  hoematoxylin  :    X  80.) 

An  alveolus  flUed  with  liqiiid  and  with  large  and  small  colorless  ceUs 

Fig.  226.    Croupous  pneumonia  (red  hepatization). 

(Injected  preparation  stained  with  hoematoxylin  !    X  80.) 

An  alveolus  fiUed  with  a  coagulated  exudation  containing  red  and  white  corpuscles  and  epitheUa 

cells 


Another  form  of  coagulation  is  observed  in  exudations  containing 
many  large  cells  (Fig.  227)  and  tending  to  become  caseous  at  a  later 
stage.  In  these  the  cells  break  up  and  dissolve  entirely,  forming  with 
the  exuded  liquid  a  granular  and  fibrinous  mass  {d):  when  recent  this 
contains  a  few  nuclei,  but  soon  these  too  disappear  and  the  mass  becomes 
uniformly  fibrinous.  Tlie  two  forms  of  coagulation  are  met  with  in 
combination. 

The  coagulated  exudation  is  more  or  less  solid,  and  the   affected 
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parenchyma  accordingly  becomes  lirrn  and  resistant,  resembling  liver  in 
consistence:  the  condition  is  therefore  described  as  hepatization  of  the 
lung.  The  surface  on  section  is  usually  rough  and  granulated,  the 
coagula  projecting  somewhat  from  the  cut  alveolar  walls.  The  color 
varies  from  deep-red  (red  hepatization)  to  grayish-red  or  grayish-yellow 
(gray  hepatization),  according  to  the  amount  of  blood  that  is  present 
and  the  com})osition  of  the  exudation. 

In  many  forms  of  pulmonary  inflammation  the  changes  within  the 
contents  of  the  alveoli  are  those  that  are  most  striking  and  important, 
the  changes  in  the  parenchyma  itself  being  of  secondary  significance. 
These  forms  have  been  described  as  superficial  in  contradistinction  to 
interstitial  inflammations;  in  the  latter  marked  changes  (infiltration, 
hyperplasia,  etc.)  are  simultaneously  set  up  in  the  connective  tissues 


Fig.  227.    Caseating  uobulab.  bronchopneumonia. 
(Section  hardened  in  alcohol  and  staineA,  with  haematoxylin  :    x  12X) 


a,  alveolar  septa  infiltrated  with  cells 

b,  venule  mth  infiltrated  wall 

c,  alveoli  filled  vrith  large  epithelioid  cells 


d,  alveolar  contents  consisting  of  granular  and 
fibrinous  coagula 


(Fig.  237  a  b).  The  distinction  can  frequently  be  made,  but  it  is  not 
exactly  one  of  kind,  as  the  two  forms  pass  the  one  into  the  other  through 
a  number  of  transitional  stages. 

Cellular  inflltration  of  the  lung-tissue  is  never  entirely  absent  in 
any  pulmonary  inflammation;  but  in  some  varieties  it  is  slight  and 
transient,  in  others  intense  and  persisting.  There  is  always  in  like 
manner  a  certain  amount  of  exudation  into  the  lymphatic  vessels. 

The  extent  of  the  inflammatory  change  varies  greatly  in  different 
cases,  and  accordingly  wy  have  forms  described  as  miliary,  nodular, 
lobular,  and  lobar. 
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When  the  inflamed  part  of  the  lung  is  close  to  the  pleural  surface, 
the  pleura  in  general  becomes  inflamed  at  the  same  time.  Hypersemia 
is  first  induced,  and  a  more  or  less  abundant  exudation  is  then  poured 
out  on  the  free  surface. 

598.  Terminations  of  pulmonary  inflammation.  The  most 
favorable  issue  is  in  resolution,  the  exudation  being  removed  and  the 
altered  tissue  restored.  The  exudation  may  be  removed  by  expectora- 
tion, but  the  greater  part  is  re-absorbed. 

In  many  forms  of  inflammation  the  pulmonary  vessels  continue  per- 
meable to  injections  throughout  the  entire  course  of  the  affection  (Figs. 
225,  226),  and  the  lymphatics  in  like  manner  are  not  permanently 
obstructed  by  the  inflammatory  exudation.  Resorption  therefore  goes 
on  continuously,  the  exuded  matters  being  carried  off  directly  in  a  more 
or  less  altered  condition.  Coagulated  and  cellular  exudations  must  of 
course  become  partially  liquefied  before  they  can  be  re-absorbed.  This 
liquefaction  is  brought  about  by  fatty  and  mucoid  change  and  by  disin- 
tegration and  breaking  up  of  the  cells  and  fibrin,  a  turbid  pulpy  liquid 
containing  granular  detritus  is  thus  formed. 

While  the  exudation  is  in  process  of  disintegration  within  the  pul- 
monary tissue  a  certain  amount  of  inflammatory  action  persists,  mani- 
fested chiefly  by  the  continued  extravasation  of  leucocytes.  The 
leucocytes  play  a  part  in  the  process  of  resorption  by  taking  up  into 
their  protoplasm  fragments  of  the  unliquefied  detritus  and  carrying 
these  with  them  into  the  lymphatic  channels.  At  the  same  time  the 
loss  of  alveolar  epithelium  is  made  good  by  regenerative  multiplication 
of  the  intact  epithelial  cells.  When  the  new  cells  continue  to  be  shed 
as  they  are  produced  we  have  the  condition  known  as  chronic  desquama- 
tive catarrh. 

A  second  but  comparatively  rare  issue  is  in  suppuration.  It  is 
characterized  anatomically  by  an  extremely  abundant  accumulation  of 
leucocytes  within  the  alveoli  and  in  their  walls,  together  with  progres- 
sive disintegration  and  liquefaction  of  the  latter.  This  destructive  pro- 
cess is  set  up  by  the  presence  of  some  intensely  irritant  agent,  giving 
rise  to  ferments  which  dissolve  the  pulmonary  tissue. 

A  third  issue,  also  not  very  common,  is  in  gangrene.  The  condi- 
tions for  its  appearance  are — first,  extreme  disturbance  and  in  parts  sup- 
pression of  the  circulation,  and  secondly,  the  presence  in  the  affected 
part  of  putrefactive  micro-organisms.  The  gangrenous  tissue  is  trans- 
formed into  a  dark-brown  dirty  mass,  changing  presently  into  a  green- 
ish-black foul-smelling  sanious  pulp  or  pus:  this  at  first  contains  shreds 
and  fragments  of  pulmonary  tissue,  but  these  too  at  length  dissolve  and 
disappear.  The  gangrenous  pus  contains  various  chemical  products  of 
disintegration  of  albumen  and  fat,  such  as  leucin,  tyrosin,  margarin, 
volatile  fatty  acids,  especially  butyric,  sulphuretted  hydrogen,  ammonia, 
etc.     The  more  solid  contents  include  granular  detritus,  pus-corpuscles. 
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pigment,  sbreds  of  lung-tissue,  oil-globules,  margarin-needles,  crystals 
of  triple-phosphate,  and  various  micro-organisras.  The  latter  are  the 
prime  cause  of  the  chemical  decomposition  and  of  the  disintegration  of 
the  pulmonary  tissue.  According  to  Filehne  a  certain  ferment  is 
formed  by  them  which  acts  like  trypsin,  and  in  alkaline  solutions  quickly 
dissolves  elastic  tissue. 

Caseation  most  frequently  occurs  as  a  sequel  of  tuberculous  inflam- 
mation, though  it  is  also  not  entirely  absent  in  the  other  forms.  It 
would  thus  appear  to  depend  upon  some  peculiar  property  of  the  excit- 
ing cause  of  the  inflammation,  though  under  special  conditions  it  may 
occur  in  connection  with  inflammations  which  usually  terminate  in  a  more 
favorable  way.  So  far  as  mere  morbid  anatomy  is  concerned  we  may  say 
that  caseation  takes  place  most  frequently  in  inflammations  which  are 
characterized  by  dense  cellular  infiltration  of  the  parenchyma  of  the 
lung  and  accompanied  by  extensive  alteration  of  the  walls  of  the  lym- 
phatics and  blood-vessels.  The  latter  feature  is  most  marked  in  tuber- 
culous inflammation,  and  thus  the  anatomical  and  the  setiological  char- 
acters are  in  this  regard  largely  co-extensive. 

In  caseous  degeneration  the  exudation  within  the  aveoli  necroses,  and 
is  in  the  first  instance  transformed  into  a  fibrinous  and  granular  mass 
(Fig.  227),  In  other  cases  it  appears  homogeneous,  or  the  extravasated 
cells  lose  their  nuclei  and  break  down  into  fatty  granular  detritus.  As 
a  rule  the  alveolar  walls  also  become  speedily  necrotic  and  caseous.  The 
vessels  are  blocked  up,  the  nuclei  of  the  tissue-cells  disappear,  the  con- 
tours of  the  tissue-fibres  become  indistinct,  and  at  length  the  pulmonary 
tissue  becomes  granular  or  homogeneous  and  structureless,  almost  or 
altogether  indistinguishable  from  the  caseous  exudation  proper.  When 
the  walls  of  the  larger  vessels  have  been  much  infiltrated  they  too  become 
caseous  in  like  manner. 

The  last  and  not  uncommon  termination  of  a  pulmonary  inflamma- 
tion is  in  the  formation  of  new  fibrous  tissue  and  cirrhosis. 

New  fibrous  tissue  is  developed  when  the  cellular  infiltration  of  the 
parenchyma  of  the  lung  is  long-continued,  the  circulation  at  the  same 
time  remaining  ample  for  the  nutrition  of  the  part.  In  such  conditions 
large  formative  or  fibroblastic  cells  make  their  appearance  first  in  the 
alveolar  walls  (Fig.  228  a)  and  in  the  circum vascular,  peribronchial,  and 
interlobular  connective  tissue,  and  at  length  in  the  pleura  also.  These 
cells  develop  into  fibrous  tissue  in  the  usual  way  (Art.  108),  and  so  give 
rise  to  thickening  of  the  affected  parts  and  consequently  to  diminution 
of  the  respiratory  spaces.  As  collapse  very  commonly  accompanies  this 
fibroid  change  the  thickened  alveolar  walls  speedily  come  into  contact 
and  cohere,  and  the  corresponding  aveolar  cavities  are  obliterated.  Some 
of  the  alveoli  however  may  remain  open,  and  these  become  lined  with 
short  cylindrical  epithelial  cells,  so  that  on  section*  they  somewhat  re- 
semble the  acini  of  a  gland. 
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Not  infrequently  the  fibrous  hyperplasia  in  the  alveolar  walls  is 
accompanied  by  a  like  development  within  the  alveoli:  large  epithelioid 
formative  cells  (Fig.  228  d)  make  their  appearance  in  the  alveolar  con- 
tents, and  growing  out  as  bands  or  strings  of  cells  (e)  or  as  bud-like  pro- 
cesses from  the  alveolar  wall  traverse  the  exudation  in  various  directions. 
At  the  same  time  buds  and  outgrowths  spring  from  the  capillaries  of  the 
alveolar  wall  (g);  these  push  their  way  into  the  new  tissue  and  being 
transformed  into  blood-vessels  provide  for  its  nutrition.  The  whole 
process  corresponds  closely  with  that  by  which  a  thrombus  is  organized 
(Art.  255). 

Pulmonary  tissue  thus  thickened  by  fibroid  induration  is  firm  and 
tough  and  usually  devoid  of  air.  Its  color  varies  from  white  to  slaty- 
gray  or  even  black,  according  to  the  amount  of  pigment  present. 


FiQ.  328.    QaowTH  op  FiBRoas  tissue  in  the  walls  and  in  the  contents  op  an  alveolus. 
(HcBmatoxylin  staining:  X  150.) 
a,  alveolar  wall  thickened  and  fibroid  d,  intra-alveolar  formative  ceUs 


6,  small  leucocytes 

C,  fibrinous  and  cellular  exudation 


e,  string  of  fusiform  fibroblasts 
g,  new-formed  blood-vessels 


Caseation  and  fibroid  induration  are  very  frequently  met  with  in 
combination,  the  caseous  foci  being  surrounded  and  enclosed  by  new  and 
cellular  fibrous  tissue. 

599.  Causes  of  pulmonary  inflammation.  The  inflammations 
of  the  lung  are  set  up  by  irritants  reaching  it  by  way  of  the  blood- 
vessels or  of  the  bronchi,  or  by  extension  from  the  pleura  or  mediasti- 
num. We  may  therefore  conveniently  consider  these  inflammations 
according  to  their  various  modes  of  origin. 

As  regards  the  pulmonary  inflammations  whose  exciting  cause  is 
referable  to  the  blood  it  must  be  observed  that  the  lung  is  not  on  the 
whole  so  liable  as  other  organs  to  be  the  seat  of  contaminating  deposit 
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from  the  blood.  Tlins  pigmcnt-griinules  and  micro  organisms  may  cir- 
culate freely  through  the  capillaries  of  the  lung  without  bei?ig  arrested; 
this  is  doubtless  due  to  the  fact  that  the  capillaries  are  comparatively 
wide  and  the  blood-stream  rapid.  Deposits  from  the  blood  do  however 
occur,  and  thus  we  meet  with  forms  of  haematogenous  infiltration  and 
hcematogenous  (bacterial)  infection. 

When  the  blood  contains  an  excessive  proportion  of  white  corpuscles, 
these  may  accumulate  in  great  numbers  in  the  capillaries  of  the  lung, 
and  by  extravasation  in  the  tissues  also,  and  give  rise  to  leukaemic 
infiltration.  Fat  and  oil-globules  circulating  in  the  blood  (as  in  lipge- 
mia)  are  apt  to  collect  in  the  pulmonary  vessels  causing  fatty  embolism; 
and  in  anthrax  the  specific  bacilli  frequently  crowd  the  capillaries  so  as 
to  look  like  an  artificial  injection  of  them. 

Four  kinds  of  hgematogenous  infective  inflammation  are  described; 
they  may  be  described  as  pneumonias  in  a  restricted  sense  of  the  term. 
They  are — true  croupous  pneumonia,  embolic  septic  (suppurative  or 
gangrenous)  pneumonia,  embolic  tuberculosis,  and  embolic  syphilis. 
They  are  probably  all  due  to  bacterial  infection,  and  we  must  assume 
that  the  bacteria  are  conveyed  by  the  blood. 

What  we  may  term  the  pleiiroi?enous  pneumonias  are  closely 
allied  to  those  just  referred  to.  The  inflammatory  process  extends  from 
the  pleura  to  the  lung-tissue  chiefly  along  the  interlobular  lymphatic 
channels,  though  here  and  there  it  passes  thence  directly  to  the  peri- 
bronchial tissue  and  to  the  pulmonary  parenchyma.  The  antecedent 
pleuritic  affection  is  generally  itself  hsematogenous.  Traumatic  pneu- 
monia may  be  considered  as  a  special  pleurogenous  variety,  pleura  and 
lung  being  generally  injured  simultaneously. 

An  inflammation  of  the  lung  induced  by  an  irritant  conveyed  to  the 
parenchyma  by  the  bronchi  is  described  as  a  bronclio-pneumonia.  It 
is  immaterial  whether  the  bronchi  themselves  are  previously  or  simulta- 
neously inflamed  or  not. 

600.  Inhaled  impurities.  The  lungs  are  by  reason  of  their  func- 
tion exposed  to  the  access  of  numerous  impurities.  We  all  inhale  a  cer- 
tain amount  of  dust  with  the  air  of  the  street  or  of  the  house,  while  in 
certain  occupations  the  amount  of  dust  necessarily  inhaled  is  very  con- 
siderable. Workers  in  stone  of  all  kinds,  masons,  bricklayers,  potters, 
inhale  mineral  and  earthy  dust;  workers  in  metal  such  as  grinders, 
gilders,  braziers,  typefounders,  and  so  on,  inhale  metallic  particles; 
millers,  colliers,  coal-heavers,  chimney-sweeps,  bakers,  cabinet-makers, 
rope-makers,  cigar-makers,  and  workers  in  spinning  and  weaving  mills, 
live  in  an  atmosphere  charged  with  dust  of  vegetable  origin.  Brush- 
makers,  upholsterers,  barbers,  cloth-dressers,  and  hat-makers  breathe  air 
containing  animal  dust;  and  glass- workers,  street-sweepers,  etc.  dust  of 
various  other  kinds. 

A  large  proportion  of  the  dust  thus  inhaled  is  caught  in  the  air- 
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passages,  but  some  of  it  especially  in  deep  inspiration  is  carried  into  the 
parenchyma  of  the  lung.  Many  of  the  particles  adhere  to  the  walls  of 
the  alveoli;  others  are  promptly  conveyed  into  the  lymphatic  channels 
communicating  with  the  alveoli,  and  thence  are  carried  by  the  peribron- 
chial and  interlobular  lymphatics  into  the  lymphatic  glands  at  the  root 
of  the  lung. 

When  a  considerable  number  of  dust-particles  reach  the  parenchyma 
of  the  lung  they  set  up  a  slight  inflammation  manifested  by  emigration 
of  white  blood-cells  from  the  vessels  and  the  desquamation  of  some  of 
the  alveolar  epithelial  cells. 

The  extravasated  cells  take  up  the  foreign  particles,  sometimes  in 
such  abundance  that  they  have  been  fitly  termed  dust-cells  (Langha]S"S, 
VON  Ins)  .  They  may  be  carried  into  the  bronchioles  and  bronchi  and 
are  then  ejected  with  the  sputa.  Much  the  larger  number  of  them  are 
however  carried  into  the  lymphatics. 

Within  the  lymphatics  certain  kinds  of  dust,  such  as  chalk-particles, 
are  dissolved.  Insoluble  dusts  are  either  carried  into  the  bronchial 
glands  or  are  deposited  in  the  walls  of  the  lymphatic  vessels.  This 
deposit  takes  place  Avherever  lymphatics  occur,  that  is  in  the  interalveolar, 
interlobular,  subpleural,  pleural,  circumvascular,  and  peribronchial 
fibrous  tissues,  especially  in  those  parts  where  aggregations  of  lymphoid 
elements  are  normally  met  with.  The  particles  lie  either  free  in  the  tis- 
sues or  enclosed  in  rounded,  fusiform,  or  stellate  cells. 

Colored  dust  gives  rise  to  pigmentation  of  the  lung,  while  the  larger 
grains  appear  as  sandy  or  gritty  deposits.  Some  forms  of  dust-deposit, 
in  particular  those  which  give  rise  to  marked  change  in  the  lung,  have 
received  special  names.  The  most  frequent  as  well  as  the  best-known 
form  is  that  due  to  the  inhalation  of  soot  or  coal-dust,  by  which  the  lung 
becomes  dark-gray  or  black;  it  is  variously  described  as  aathracosis  or 
pneumotioconiosis  anthracotica  {hovi5  dust,  avdpaS  coal),  and  the 
lung  as  collier^s  or  miner's  lung.  This  form  of  pigmentation  is  very 
common,  and  is  seldom  entirely  absent  in  adult  lungs.  It  must  how- 
ever be  remembered  that  all  black  pigmentations  of  the  lung  are  not 
anthracotic,  for  black  pigment  is  frequently  a  derivative  of  the  coloring- 
matter  of  the  blood  (Arts.  68,  268).  A  second  form  is  the  so-called 
siderosis  (compare  Art.  268)  or  pneumonoconiosis  siderotica  {(jidrjpoi 
iron)  of  Zenker,  due  to  the  inhalation  of  metallic  dust;  in  the  lung  it 
appears  as  oxide  or  sesquioxide  or  phosphate  of  iron.  Oxide  of  iron 
(rouge)  is  used  as  a  pigment  and  as  a  polishing-material;  it  gives  rise  to 
a  brick-red  pigmentation  of  the  lung,  the  other  iron-compounds  tending 
rather  to  blacken  it.  The  deposit  of  stone-dust,  especially  of  quartz, 
flint,  and  glass,  has  been  called  chalicosis  {xocXiS  grit);  dust  from 
clay  as  inhaled  by  porcelain-workers  and  makers  of  artificial  ultramarine 
gives  rise  to   aluminosis.     Grinders  inhale  mixtures  of  steel-dust  and 
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grit  which  cause  the  allectioa  known  as  grinder's  asthma  or  grinder's 
rot. 

Pearson,  Thomson,  Robin  and  others  surmised  that  part  at  least  of  the  black 
pigmentation  so  frequently  found  in  the  lung  was  derived  from  inhaled  soot  and 
coal-dust:  Traube  verified  this  by  actually  demonstratin;^  the  presence  of  micro- 
scopic jjarticles  of  coal  in  the  lung  and  sputum.  Cohniieim  tliiiiks  tliat  the  black 
pigment  of  the  lung  is  entirely  of  this  nature;  but  Virchow  is  no  doubt  right  in 
referring  some  of  it  to  altered  blood-pigment.  Zieqleu  has  found  that  in  a  very 
lai'ge  number  of  cases  the  lung-tissue  and  the  bronchial  glands  contain  broken- 
down  red  corpuscles,  corpuscle-carrying  cells,  yellow  and  brown  flakes,  and 
granules  of  pigment.  This  is  especially  the  case  in  parts  that  have  been  altered 
in  any  way  by  inflammation. 

Zenker's  researches  were  the  first  to  give  us  precise  information  on  siderosis. 

KusSMAUL,  Schmidt,  and  Meinel  have  examined  the  mineral  residue  (ash)  of 
lung-tissue,  and  have  shown  that  in  chalicosis  the  amount  of  silica  present  is 
remarkably  increased.  Lewin,  Villaret,  Crocq,  von  Ins,  Ruppert,  Schotte- 
Lius,  and  others  have  experimented  on  dust-inhalation. 

References:— Pearson,  Phil.  Trans.  1813;  Thomson,  Med.  cliir.  Trans,  xx., 
XXI.  (1837);  Robin,  Traite  de  chimie  anatomique  jii.  (1853);  Traube,  Deutsche 
Klinik  1860;  Zenker,  Deut.  Arch.  f.  klin.  Med.  xiii.;  Kussmaul,  ibid,  ii.;  Green- 
how,  Lancet  1,  1869,  Trans.  Path.  Soc.  xvi.  et  seq..  Report  of  Med.  Off.  to  Privy 
Council  \SQ\;  Meinel,  Deut.  Viertelj.f.  offentl.  Gesundh.  1876;  Virchow,  Virch. 
Arch.  vols.  1,  35,  Edin.  Med.  Journ.  1858;  Lewin,  Beitrdge  z.  Inhalationstherapie 
Berlin  1863;  Villaret  and  Crocq,  Schmidt's  Jahrb.  116,  126;  von  Ins,  ArcK  f. 
exp.  Path,  v.;  Knaufp,  Virch.  Arch.  vol.  39;  Slavjansky  ibid.  vol.  48;  Rup- 
pert, ibid.  vol.  73;  Soyka,  Prag.  med.  Woch.  187S;  Merkel,  Ziemssen's  Cyclop. 
I.;  Hirt,  Staubinhalationskrankheiten  Breslau  1871;  Smith,  Med.  Times  1,  1881; 
Hesse,  Viertelj.  f.  gerichtl.  Med.  xxxvi.  (1883);  Seligsohn,  Eulenburg's  Realen- 
cyclopadie  Article  Staubkrankheiten ;  Weichselbaum,  Cent.  f.  med.  Wiss.  18S3, 
Wiener  med.  Jahrb.  1883;  Buhl,  Naturforscherversammlung  in  MiXnchen  1877; 
Harris,  Journ.  of  Anat.  and  Physiol,  xv.  1881;  Arnold,  Staubinhalation  Leip- 
zig, 1885. 

601.  The  kinds  of  dust  described  in  the  last  article,  when  in  small 
quantities,  give  rise  to  no  serious  change  in  the  lung,  other  than  pig- 
mentation. This  is  especially  true  of  coal-dust  of  which  very  consider- 
able quantities  may  be  inhaled  without  injury.  Metal-dust  and  grit  are 
more  dangerous,  for  in  any  but  small  amounts  they  set  up  inflammations 
which  in  some  cases  are  not  slight  or  transient  but  give  rise  to  very 
marked  alteration  in  the  lungs.  Dust-inhalation  is  thus  the  exciting 
cause  of  a  group  of  bronchopneuraonic  affections  ending  in  chronic  pul- 
monary change. 

If  insoluble  dust  is  capable  of  acting  in  this  way,  much  more  will 
dust  containing  soluble  chemically- active  substances,  and  organized  or 
microparasitic  irritants. 

The  air  we  breathe,  especially  in  thickly-populated  places,  very  fre- 
quently contains  such  matters,  and  some  of  them  must  reach  the  lung 
and  be  deposited  on  the  alveolar  walls  or  enter  its  tissue  or  the  lym- 
phatics.    Many  of  them  do  no  noticeable  harm,  others  and  especially  the 
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micro-organisms  pass  from  the  lung  into  other  parts  of  the  body,  and  act 
as  the  specific  causes  of  infective  disease.  Others  again  give  rise  to  local 
inflammatory  change  in  the  lung  itself  at  the  places  where  they  settle. 
The  bacillus  of  tuberculosis  (or  its  spores)  is  probably  the  most  striking  ^ 
example,  and  there  is  no  doubt  that  other  disease-producing  agents  reach 
and  act  on  the  lung  in  a  similar  way. 

In  addition  to  these  irritants  inhaled  with  the  air  from  the  atmo- 
sphere without,  we  may  have  disease  set  up  by  inhalation  of  matters 
derived  from  the  body  itself,  and  carried  into  the  alveoli  of  the  lung 
from  the  mouth,  nose,  pharynx,  larynx,  or  air-tubes.  Saliva  and  parti- 
cles of  food  may  be  aspirated  instead  of  swallowed,  and  pus  from  the 
larynx  or  bronchi  may  be  carried  into  the  respiratory  parenchyma  instead 
of  being  coughed  up.  The  former  occurs  in  very  young  or  comatose 
patients,  and  the  latter  in  those  suffering  from  laryngitis  or  bronchitis. 

These  substances  when  thus  aspirated  usually  set  up  more  or  less 
intense  inflammation,  especially  when  they  are  putrescent  or  contain 
putrefactive  organisms,  or  specifically  virulent  agents  such  as  the  bacilli 
of  tuberculosis  or  of  glanders. 

Very  various  forms  of  bronchopneumonia,  specific  and  non-specific, 
are  thus  induced,  their  course  and  character  depending  on  the  nature  of 
the  exciting  cause.  Tubercle-bacilli  give  rise  to  inflammatory  processes 
tending  to  caseation;  the  products  of  catarrhal  bronchitis  as  a  rule  set 
up  a  similar  catarrhal  bronchopneumonia,  slight  and  usualh'  transient 
in  character;  pus  from  a  perichondritic  laryngeal  abscess  tends  to  cause 
violent  suppurative  inflammation  of  the  lung,  and  putrescent  particles  of 
food  may^  lead  to  gangrene. 

Many  experiments  have  been  made  on  the  action  of  saliva,  decomposing 
organic  substances,  and  bacteria,  when  aspirated  into  the  lung.  The  numerous 
experiments  on  so-called  vagUS- pneumonia  are  of  this  nature.  This  form  of 
inflammation  is  observed  wlien  the  vagus  and  i*ecurrent  laryngeal  nerve  are  cut, 
and  is  due  to  the  fact  that  the  paralyzed  larynx  permits  saliva  and  foreign  mat- 
ters from  the  mouth  to  be  di'avrn  into  the  lung.  Other  investigators  have  con- 
veyed into  the  bronchi  liquids  or  pulverulent  matters  (dry  or  suspended  in  water), 
others  again  have  caused  animals  to  breathe  various  substances  suspended  in  the 
air  by  means  of  spray.  LiPPL,  Tappeiner,  Schweninger.  Schottelius,  Weich- 
SELBAUM,  Veraguth,  and  others  have  in  this  way  tested  the  infectiveness  of 
phthisical  sputum. 

The  result  of  such  inhalation-experiments  depends  on  the  nature  of  the  matters 
inhaled  and  on  the  mode  of  experimentation.  When  finely-divided  irritant  sub- 
stances, such  as  spray  of  phthisical  sputum  or  of  putrid  liquids,  are  inhaled,  small 
miliary  bronchopneumonic  foci  are  produced.  When  the  inhaled  matters  are 
coarser  or  of  larger  volume,  and  of  an  irritant  nature,  we  have  large  usually 
lobular  patches  of  inflammation  with  heemorrhage,  suppuration,  or  gangrene,  as 
the  case  may  be.  When  the  foreign  matters  are  bulky  enough  to  occlude  one  or 
more  of  the  bronchioles  the  first  effect  is  partial  collapse  or  atelectasis.  Large 
quantities  of  liquid  quickly  introduced  into  the  lung  may  lead,  as  in  drowning, 
to  death  by  asphyxia.  The  liquid  is  carried  with  the  inspired  air  into  the  alveoli, 
and  fills  them  with  a  mass  of  froth. 
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CHAPTEE   LXXXYI. 

FORMS    OF    PNEUMONIA. 

602.  Croupous  pneumonia  is  an  inflammation  of  one  or  more  lobes 
of  the  lung,  and  is  the  characteristic  symptom  of  a  certain  specific  in- 
fective disease.  The  disease  is  acute,  and  the  anatomical  change  which 
accompanies  it  is  the  appearance  of  a  firm  or  solid  exudation  within  the 
pulmonary  alveoli. 

The  exudation  may  be  limited  to  a  portion  of  one  lobe  or  appear 
in  several  isolated  patches;  but  more  usually  it  extends  over  the  greater 
part  or  the  whole  of  one  lobe,  or  over  the  entire  lung.  Occasionally  in- 
deed both  lungs  are  affected.  The  exudation  either  reaches  its  full 
extent  suddenly  and  rapidly,  or  advances  by  successive  stages. 


Fig.  229.    Croupous  hepatization  of  the  luncj. 
(Hardened  in  Miiller' s  fluid  and  stained  with  alum-carmine :    x  20.) 

The  process  begins  with  intense  congestive  hypera3mia,  by  reason  of 
which  the  lung  appears  of  a  deep  red  color.  This  is  the  stage  of 
congestion  (engouement).  The  hypergemia  is  accompanied  by  exuda- 
tion from  the  vessels,  by  which  in  a  short  time  the  air  is  driven  out  of 
the  alveoli,  alveolar  ducts,  and  respiratory  bronchioles.  At  the  same 
time  the  protoplasmic  epithelial  cells,  and  the  homogeneous  plates  lining 
these  spaces,  are  at  least  in  part  detached  or  shed  (Fig.  224,  Art.  596). 

The  alveolar  contents  thus  consist  (Fig.  226,  Art.  597)  of  albuminous 
liquid,  red  and  white  blood-cells,  and  desquamated  pulmonary  epithe- 
lium. After  a  time  coagulation  takes  place,  granules  and  filaments 
appearing  between  and  uniting  the  cellular  elements  into  a  solid  mass 
adhering  to  the  internal  surface  of  the  alveolus. 
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Tlio  coagulation  of  the  exudation  marks  tlic  hoginning  of  the  stage 
of  red  hepatization  (Fig.  229),  The  lung  is  hulky,  heavy,  firm,  and 
airless.  The  cut  surface  is  red  or  grayish-red  and  granulated,  the  plugs 
which  distend  the  alveoli  protruding  sonicwliat  beyond  their  walls.  The 
pleura  over  the  affected  region  is  turbid  and  covered  with  a  thin  film  of 
fibrin:  the  costal  surface  is  often  marked  by  shallow  impressions  of  the 
ribs.  In  tlie  neighborhood  of  the  infiltrated  region  the  lung-tissue  is 
frequently  a3dematous  or  filled  with  a  turbid  grayish  exudation  contain- 
ing numerous  leucocytes. 

During  the  stage  of  red  hepatization  the  lung  is  still  highly  vascular 
and  filled  with  blood,  the  i*ed  tint  being  due  not  only  to  the  extravasated 
red  corpuscles  but  also  to  the  blood  which  distends  the  capillaries. 
When  the  red  corpuscles  are«  extravasated  in  very  large  numbers  the 
exudation  assumes  a  dark-red  tint  like  that  of  haemorrhagic  infiltration. 

The  stage  of  red  hepatization  passes  gradually  into  that  of  g;ray 
hepatization.  The  change  of  tint  is  mainly  due  to  the  decolorization 
of  the  exudation  and  the  accompanying  anaemia  of  the  lung-tissue.  It 
must  be  reniembered  that  in  ordinary  cases  the  pulmonary  vessels  re- 
main throughout  permeable  by  injections,  while  the  normal  structure  of 
the  lung  continues  quite  distinct  (Fig.  229).  As  the  exudation  loses 
color  the  cells  it  contains  break  down  by  fatty  change  and  disintegration 
into  granules  and  flakes,  and  they  with  the  fibrin  begin  to  dissolve. 
Leucocytes  now  migrate  freely  from  the  vessels,  some  of  which  remain 
clinging  to  the  vessel-walls  while  others  mingle  Avitli  the  liquefying 
exudation. 

These  changes  result  in  the  colliquation  of  the  firm  coagula,  and 
when  the  lung  is  cut  and  scraped  an  abundant  turbid  whitish  or  grayish 
juice  comes  away,  and  the  plugs  that  still  fill  the  alveoli  are  loose  and 
easily  removed.     The  resolution, of  the  pneumonia  has  set  in. 

The  bronchi  of  the  affected  part  are  throughout  the  changes  just  de- 
scribed the  seat  of  inflammatory  change,  and  contain  a  mucous  or  sero- 
mucous  secretion  stained  brown  or  red  {'  prune-juice  '  or  '  rusty '  sputum) 
with  blood  pigment.  In  the  later  stages  the  secretion  is  mingled  with 
liquefied  exudation  from  the  bronchioles  and  alveolar  ducts.  Sometimes 
croupous  casts  of  the  smaller  bronchi  are  formed. 

We  alluded  in  Art.  204  to  the  fact  that  Klebs,  Koch,  and  Friedlander  had 
observed  the  presence  of  micrococci  in  true  croupous  pneumonia.  JInre  recent 
investigations  by  Friedlander,  Frobenius,  and  others  make  it  not  improbable 
that  these  micro-organisms  (round  or  oval  diplococci  surrounded  by  a  gelatinous 
capsule)  are  in  causal  elation  to  the  disease.  If  this  be  established  the  view 
long  maintained  by  Jurgensen — that  croupous  pneumonia  is  the  symptom  of  a 
specific  infective  disease — will  be  confirmed.  The  clinical  course,  the  definite 
duration  of  the  accompanying  fever,  and  the  occasional  epidemic  character  of 
the  disease — all  point  in  this  direction. 

In  addition  to  this  idiopathic  form  croupous  pneumonias  sometimes  appear  in 
the  course  of  various  infective  diseases  such  as  malarial  fever,  erysipelas,  and 
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typhoid,  and  in  acute  rheumatism.  According  to  E.  "Wagner  these  forms  have 
probably  no  eetiological  connection  with  the  first,  but  are  due  to  the  action  of  the 
specific  poisons  of  the  respective  primary  affections. 

References: — Art.  204;  Eberth,  Deut.  Arch.f  Min.Med.  XXVill. ;  Friedlander, 
Fortschrltted.  Med.  1883,  Virch.  Arch.  vol.  87;  Jurgensen,  Ziemssen's  Cyclop.  Y., 
and  Die  croupose  Pneumonie  Tiibingen  1884;  E.  Wagner,  Deut.  Arch.  f.  Min. 
Med.  XXXIII. ;  Salvioli  and  Zaslein,  Cent.  f.  med.  Wiss.  1883;  Heitsch,  Ueb.  infect. 
Pneumonie  In.  Diss.  Leipzig  1883;  Mendelsohn,  Die  infect.  Natur  d.  Pneumonie, 
Zeitschr.  f.  Min.  Med.  vii.;  Ziehl,  Cent.  f.  med.  Wiss.  1883;  Gunther,  Zeitschr. 
f.  Min.  Med.  1883  (micrococci  in  Jiving  patient);  Discussion,  Congress  f.  innere 
Med.  Wiesbaden  1884;  Collective  Investigation  Record  ii.  London  1884;  Dresch- 
FELD,  Brit.  Med.  Journ.  1,  1884,  Fortschritte  d.  Med.  ill.  1885;  Klein,  Micro- 
organisms and  Disease  London  1884;  Emmerich,  Fortschritte  d.  Med.  1884;  Pur- 
JESZ,  D.  Arch.  f.  Min.  Med.  xxxv. ;  Senger,  Arch.  f.  exp.  Path.  xx. ;  CORNIL  and 
Babes,  Les  bacteries  Paris  1885;  Sternberg,  Amer.  Journ.  med.  sci.  1885;  Dis- 
cussion, Brit.  Med.  Journ.  2,  1886. 

The  composition  of  the  exudation  varies  much  in  different  cases.  We  have  al- 
ready remarked  that  the  number  of  extravasated  red  corpuscles  is  by  no  means 
constant;  the  white  cells  and  the  amount  of  fibrin  formed  is  also  variable.  In  the 
pneumonia  of  aged  patients  the  fibrin  is  often  scanty,  so  that  the  exudation  has 
rather  the  cliaracter  of  inflammatory  oedema,  and  only  in  isolated" spots  is  firmly 
solidified.  The  like  happens  now  and  then  in  younger  persons,  and  is  indicated 
by  the  rapidity  with  which  the  affected  regions  recover  and  again  contain  air 
It  appears  also  that  in  certain  cases  the  process  may  stop  short  at  the  stage  of 
congestion,  the  commencing  exudation  being  rapidly  re-absorbed.  The  time  at 
which  hepatization  is  complete  is  also  to  some  extent  variable,  so  that  no  definite 
statement  can  be  made  as  to  the  precise  duration  of  each  stage.  All  we  can  say 
is  that  during  the  first  two  days  the  hepatized  lung  is  red  in  tint,  after  that  it  be- 
comes pale.  Sometimes  the  transition  takes  place  irregularly,  the  lung  showing 
patches  of  grayish-red,  grayish-white,  and  yellow  simultaneously. 

603.  As  the  coagulated  exudation  liquefies  its  removal  becomes  pos- 
sible. This  takes  place  chiefly  by  re-absorption,  in  part  also  by  expec- 
toration. During  this  process  the  lung  appears  as  if  saturated  with 
moisture;  it  is  beset  with  leucocytes  but  not  in  excessive  number,  and 
its  tissue  is  easily  torn. 

In  the  great  majority  of  cases  complete  recovery  takes  place,  so  that 
after  re-absorption  is  complete  nothing  remains  of  the  aflfection.  The 
time  required  to  bring  this  about  varies  much  in  different  cases.  Not 
infrequently  there  is  for  weeks  some  dulness  to  percussion  over  the 
affected  region. 

In  few  cases  does  any  permanent  textural  change  remain,  but  it  is 
possible  for  the  pneumonic  exudation  to  issue  in  gangrene,  suppuration, 
or  cirrhosis  of  the  lung. 

Gangrene  of  the  lung  occurs  when  the  pulmonary  vessels  are  so 
gravely  injured  that  the  circulation  comes  to  a  stand-still,  while  putre- 
factive organisms  gain  access  to  the  affected  parts.  The  former  condi- 
tion is  most  frequently  met  with  in  drunkards  and  ill-nourished  persons, 
in  whom  the  pneumonic  exudation  often  has  a  heemorrhagic  character. 
The  latter  condition  is  most  likely  to  arise  in  cases  where  before  the 
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attack  of  pneumonia  bronchiectases  or  other  cavities  containing  decom- 
posing secretion  exist  in  the  lung. 

The  destruction  of  the  lung  may  take  place  in  isolated  patches  or 
continuously.  The  tissue  is  transformed  into  a  tindery  or  pulpy  mass 
with  a  characteristic  intensely  foetid  odor.  When  a  gangrenous  patch 
lies  immediately  beneath  the  pleura  the  latter  may  be  raised  up  in  bullae 
or  blisters,  or  the  softened  mass  may  break  through  into  the  pleural 
cavity. 

The  tissue  surrounding  the  gangrenous  part  is  inflamed  and  infil- 
trated, often  hasmorrhagic.  Death  usually  ensues  either  from  intense 
pleurisy  or  from  putrid  poisoning.  If  recovery  takes  place,  the  gan- 
grenous portion  is  separated  off  from  the  healthy  by  a  zone  of  granula- 
tions, and  gradually  removed:  in  most  cases  a  cavity  remains  which  may 
be  the  starting-point  for  fresh  inflammatory  mischief. 

Another  and  comparatively  uncommon  issue  is  in  suppuration,  due 
to  excessive  extravasation  of  leucocytes  in  the  later  stages  of  the  pneu- 
monia. Sometimes  patches  of  necrosis  are  the  starting-point  of  the 
suppuration.  The  accumulation  of  leucocytes  appears  partly  in  the 
alveoli,  partly  in  the  substance  of  the  lung-tissue,  and  may  be  dissemi- 
nated or  diffuse.  The  tissue  becomes  yellow  and  very  brittle;  here  and 
there  it  may  break  up  and  dissolve  outright.  Large  abscesses  are  how- 
ever very  rare  indeed,  and  are  probably  formed  only  where  some  jDrevi- 
ous  morbid  alteration  has  already  existed. 

The  pus  thus  formed  may  find  an  exit  in  various  directions. 
Most  frequently  it  is  evacuated  through  the  bronchi.  Death  is  a  com- 
mon termination;  though  the  suppurative  process  may  come  to  an  end 
and  granulations  spring  up,  by  which  cicatrization  is  effected,  or  a  cavity 
bounded  by  new-formed  connective  tissue  remains. 

The  frequency  of  gangrene,  suppuration,  and  caseation  as  terminations  of 
pneumonia  is  still  matter  of  discussion.  Leyden  doubts  whether  a  lung  previ- 
ously healthy  ever  becomes  gangrenous  or  suppurates  after  pneumonia.  It  is 
however  by  no  means  always  possible  to  demonstrate  post  mortem  the  presence 
of  previous  morbid  change.  It  is  to  be  doubted  whether  croupous  pneumonia 
ever  issues  in  caseation. 

References:— JiJRQENSEN,  loc.  cit.;  Leyden,  Sammlung  klin.  Vortrdge  114, 115, 
Deut.  Zeitschr.  f.  klin.  Med.  ii. ;  Buhl,  Lungenentzundung,  Tubercnlose  und 
Schwindsucht  1872,  Arbeiten  a.  d.  path.  Inst,  zu  Mimclien  1878;  Thomas,  Ger- 
hardVs  Handh.  d.  Kinderkrankh.  iii. 

604.  Another  termination  of  croupous  pneumonia,  not  very  com- 
mon it  is  true  but  by  no  means  rare,  is  in  collapse  and  induration  of  the 
lung,  a  condition  which  is  best  described  as  simple  cirrhosis. 

In  some  cases  this  comes  about  by  the  lung  failing  to  expand  after 
the  resolution  and  absorption  of  the  exudation.  This  may  be  due  to 
persistent  obstruction  of  the  bronchi  (Art.  592,  Fig.  221)  or  to  compres- 
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sion  from  without.     The  walls  of  the  un expanded  alyeoli  soon  become 
coherent  and  undergo  a  certain  amount  of  thickening. 

In  other  cases  the  absorption  of  the  exudation  is  incomplete:  weeks 
and  months  elapse  and  the  consolidation  does  not  disappear.  The  in- 
flammatory condition  is  maintained,  repeated  extravasations  of  cells 
from  the  blood-vessels  into  the  alveoli  take  place,  and  the  lung-tissue 
itself  is  the  seat  of  inflammatory  infiltration.  In  process  of  time  new 
fibrous  tissue  is  formed  both  within  the  alveoli  and  in  the  interalveolar 
septa  (Art.  598,  Fig.  228).  In  this  way  more  or  less  extensive  fibroid 
induration  of  the  lung  takes  place:  in  many  places  it  is  transformed  into 
a  deuse  airless  mass  of  fibrous  tissue,  usually  containing  pigment  (Fig. 
230);  in  other  parts  the  alveolar  walls  are  thickened  (b)  or  infiltrated 


Fig.  230.    Simple  cirrhosis  of  the  lung. 
(Hardened  in  alcohol  and  stained  with  carmine :    x  15.) 


a,  dense  pigmented  fibrous  tissue 

6,  alveoli  with  thickened  and  infiltrated  septa 


c,  alveoli  fiUed  with  cells 

d,  dilated  bronchi  with  infiltrated  walls 


with  cells,  or  the  alveoli  are  filled  with  leucocytes  or  new-formed  cellular 
tissue  (c). 

The  cirrhotic  patches  have  in  the  earlier  stages  a  gray  or  grayish-red 
or  grayish-yellow  tint,  and  a  small  quantity  of  turbid  exudation  can 
here  and  there  be  squeezed  from  them.  But  where  the  development  of 
fibrous  tissue  in  the  alveoli  or  their  walls  has  begun,  the  lung  is  dense, 
firm,  airless,  and  fleshy,  having  something  of  the  appearance  of  freshly 
hepatized  lung.  The  condition  is  well  described  as  carnificatiou. 
When  the  fibroid  transformation  is  complete  the  tissue  is  firm  and  con- 
tinuous, and  white  or  slaty-gray  in  color. 

The  extent  of  the  induration  left  by  an  antecedent  pneumonia  varies 
very  greatly.     It  may  be  limited  to  the  stratum  immediately  beneath  the 
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pleura,  or  extend  over  the  greater  part  of  a  lobe.  It  may  be  continuous, 
that  is  uninterrupted  by  islands  of  air-containing  tissue,  or  it  may  take 
the  form  of  fibrous  bands  traversing  the  parenchyma  in  various  direc- 
tions and  not  very  sharply  marked  off  from  it.  This  variety  of  cir- 
rhosis is  indeed  always  characterized  by  the  peculiarity — that  it  occurs 
not  in  well-defined  nodes  or  groups  of  nodes,  but  in  bands  and  patches 
which  pass  gradually  into  the  air-containing  tissue.  This  character  is 
obscured  only  when  secondary  bronchopneumonia  or  peribronchial  in- 
flammation sets  in. 

The  pleura  overlying  the  cirrhotic  patches  is  usually  thickened  and 
adherent  to  the  costal  pleura.  The  patches  are  usually  shrunken  and 
contracted,  and  the  intervening  alveoli  emphysematous.  After  a  time, 
if  the  induration  and  contraction  are  at  all  extensive,  the  corresponding 
bronchi  are  distorted  and  more  or  less  dilated  (Fig.  230  d);  sometimes 
they  are  also  ulcerated.  For  months  and  it  may  be  years  a  chronic  in- 
flammation of  the  bronchi  and  of  the  pulmonary  parenchymals  kept  up, 
its  existence  being  indicated  by  the  patches  of  cellular  infiltration  that 
lie  scattered  throughout  the  affected  region. 

The  occurrence  of  indurative  contraction  of  the  lung  as  a  sequel  of  croupous 
pneumonia  is  regarded  by  most  authorities  as  indisputable.  Buhl  however  main- 
tains that  the  form  of  pneumonia  which  leads  to  contraction  is  ab  initio  distinct. 
According  to  him  it  begins  with  cellular  infiltration  of  the  parenchyma  of  the 
lung,  and  the  filling  of  the  alveoli  with  desquamated  epithelium,  and  issues  in 
cirrhosis  and  caseation.  He  names  it  '  desquamative  pneumonia '  and  considers 
it  as  a  local  manifestation  of  a  general  disease.  This  desquamative  pneumonia 
is  not  however  a  pathological  entity:  Buhl's  cases  were  partly  cases  of  croupous 
pneumonia,  partly  of  tuberculous,  lobular,  and  confluent  bronchopneumonia 
(Arts.  606,  617). 

Within  the  last  ten  or  twelve  years  Ziegler  has  had  the  opportunity  of  ex- 
amining a  large  number  of  cases  of  post-pneumonic  cirrhosis  in  various  stages 
of  development,  and  the  account  in  the  text  is  drawn  up  from  actual  observa- 
tion. Marchand'S  account  agrees  in  the  main  with  the  above,  though  lie  has 
laid  somewhat  exclusive  stress  on  the  intra-alveolar  formation  of  fibrous  tissue. 

References: — LaeNxVEC,  Traite  de  V auscultation  mediate  Paris  1819;  ROKI- 
TANSKY,  Path.  Anat.  iii. ;  Forster,  Path.  Anat  ;  Heschl,  Prag.  Vlerteljahresschr, 
vol.  51;  Eppinqer,  ^b^d.  vol.  125;  Marchand,  Virch.  Arch.  vol.  82;  Biermer, 
Virchow's  Handb.  d  spec.  Path,  v.;  Bdhl,  loc.  cit.;  JiJRGENSEN,  Die  eroupose 
Pneumonie  Tiibingen  1883;  Thomas,  OerhardVs  Handb.  d.  Kinderkrankh. 
in.;  Lepine,  Nouveau  Dictionnaire  xxviii.  Paris  1880;  Leyden,  Berl.  kiln.  Woch^ 
1879;  E.  Wagner,  Dent.  Arch.  f.  klin.  Med.  xxxin. ;  Nothnagel,  Sammhmg 
klin.  Vortrdge  66;  Amburger,  Deut.  Arch.  f.  klin.  Med.  xxxni. ;  Bastian, 
Reynolds'  Syst.  of  mei.  ii.  London  1876;  Sturges,  Pneumonia  London  1876; 
Coupland,  Trans.  Path.  Soc.  xxx.  1879;  Heitler,  Wien.  med.  Woch.  1884. 

605.  Embolic  septic  pneumonia  always  occurs  in  isolated  patches, 
whose  appearance  varies  in  different  cases.  When  infective  matters 
enter  the  circulation  from  a  septic  wound,  some  may  be  arrested  in  the 
lung  and  give  rise  to  embolic  infarction.     Suppurative  inflammation  is 
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set  up  around  the  mfarcted  tissue,  by  means  of  which  the  latter  is  sur- 
rounded by  a  zone  of  yellowish  infiltrabiou,  and  presently  is  loosened 
and  separated  from  the  healthier  tissue.  It  then  naturally  undergoes 
necrosis  and  breaks  up  under  the  action  of  continued  suppuration,  so 
that  at  length  there  is  formed  a  cavity  filled  with  pus,  a  metastatic  ab- 
scess of  the  lung.  If  the  septic  embolus  contain  putrefactive  organisms, 
or  if  these  enter  the  infarct  from  the  bronchi,  the  tissue  may  undergo 
putrid  change  or  gangrene,  and  so  be  transformed  into  a  foul  dirty-gray 
or  blackish  mass. 

When  the  original  irritant  reaches  the  vessels  of  the  lung  in  the  form 
of  fine  particles,  such  as  micrococci,  which  are  not  arrested  till  they 
reach  the  capillaries  and  there  lodge,  the  patches  of  inflammation  are 
usually  small  and  ill-defined.  At  first  the  inflammation  is  as  a  rule 
hsemorrhagic  in  character,  but  no  infarct  is  formed  and  the  patches 
speedily  become  purulent  or  gangrenous. 

In  recent  cases  the  tissue  appears  saturated  with  blood-corpuscles  and 
pus,  the  pulmonary  epithelium  desquamated  and  partially  necrosed. 
In  the  gangrenous  patches  the  lung-tissue  is  disintegrated  and  dissolved 
(Art.  598). 

When  the  septic  embolism  is  subpleural,  the  pleura  is  always  simul- 
taneously inflamed.  The  exudation  is  purulent  or  fibrino-purulent,  and 
may  extend  over  the  entire  surface  of  the  membrane. 

Within  the  lung  the  suppuration  and  gangrene  may  extend  by  con- 
tinuity to  the  neighboring  tissue.  The  inflammation  set  up  is  usually 
hsemorrhagic  and  fibrinous  in  character,  and  speedily  passes  into  sup- 
puration and  gangrene.  Sooner  or  later  the  process  reaches  the  peri- 
bronchial and  interlobular  lymphatics,  and  they  become  filled  with  serous, 
fibrinous,  and  purulent  exudations,  while  the  tissue  about  them  becomes 
infiltrated  with  cells.  This  lymphangitis  and  perilymphangitis  may 
start  either  from  an  embolic  abscess  or  from  a  purulent  pleurisy.  In  the 
latter  case  the  interlobular  tissues  are  the  most  affected. 

The  embolic  abscesses  may  break  through  either  into  bronchi  or  into 
the  pleural  cavity,  the  former  being  the  commoner  event.  When  adhe- 
sions unite  the  lung  to  the  thoracic  wall  or  to  the  diaphragm,  the  pus 
may  find  its  way  to  the  exterior  or  into  the  abdomen. 

The  smaller  abscesses  may  heal  up  more  or  less  perfectly  by  absorp- 
tion of  the  pus,  the  larger  by  rupture  and  evacuation;  granulations  are 
formed  round  the  cavity,  and  develop  into  cicatricial  tissue.  If  the 
absorption  of  the  pus  is  incomplete  it  may  become  inspissated  and  calci- 
fied. Adhesions  are  invariably  the  result  of  the  healing  of  the  pleuritic 
patches. 

JiJRGENSEN  and  SCHiJPPEL  have  raised  the  question  whether  the  cattle-disease 
called  plenro-pneumonia  does  not  also  occur  in  man  (Wiedermann,  Deut.  Arch, 
f.klin.  Med.  xxv. ;  Sussdokp,  Die  Lungenseache  d.  Rlndesln.  Diss.  Tubingen 
1879;  Bruylants  and  Vebriers,  Bull,   de   Vacad.   belgique  1880;  PiJTZ,  Seuche- 
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uiid  Herdekrankheiten  Stuttgart  188-3;  Poels  an.l  Nolkn,  Cent.  f.  mrA.  \Vi»n. 
18M4;  KoKANYl  and  Babes,  Pest.  med.  chir.  Presse  1884;  Cohnil  and  Baues. 
Les  bacteries  Paris  188.1).  This  is  an  infective  disease  of  bovine  cattle,  the 
main  symptom  being  an  affection  of  the  king  characterized  by  red  liepatization 
with  extensive  interlobular  and  pleural  iiillamination.  The  loljules  appearing 
red  and  tlie  swollen  and  infiltrated  interlobular  septa  yellow,  the  surface  lias  a 
typically  marbled  appearance.     The  exciting  virus  is  probably  a  micrococcus. 

The  septic  (supi)uiative  and  gangrenous)  inflammations  of  the  lung  which 
occur  in  new-born  infants  are  in  general  bronciiopneumonias  due  to  aspiration  of 
decomposing  genital  secretions  or  hquor  amnii;  sometimes  they  are  due  to  em- 
bolic infection  from  the  unhealed  stump  of  the  umbilical  cord.  The  pleura  and 
interlobular  septa  are  usually  much  inflamed  at  the  same  time. 

References  :— P.  MiJLLiCR,  Gerhanlt's  Handbuchd.  Kinderkr.  ll.;  OKT^a,  Arch, 
d.  Heilk.  xiii.;  Runqe,  Zeitschr.  f.  Geburtshulfe,  vi.  (1881);  Silbermann,  Deut. 
Arch.  f.  klin.  Med.  xxxiv.,  and  Die  septische  Pneumonie  d.  Neugeborenen  In. 
Diss.  Breslau  1883. 


Fig.  231.    Miliary  tuberculosis  of  the  lung. 

(^Preparation  injected,  and  stained  with  carviine  :     X  30.) 

a,  a,  tubercles. 


606.  Embolic  tuberculosis  of  the  lung  oocnrs  in  two  forms.  The 
commonest  and  best-known  is  miliary  tuberculosis,  the  rarer  is  the  em- 
bolic localized  form. 

Miliary  tuberculosis  of  the  lung  is  set  up  when  tubercle-bacilli 
enter  the  circulation  in  considerable  numbers,  and  lodge  in  the  pulmo- 
nary capillaries.  As  they  settle  and  multiply  they  give  rise  to  the 
formation  of  miliary  nodules  or  tubercles,  which  are  numerous  or  scanty 
according  to  the  number  of  bacilli  introduced.  Usually  they  are  dis- 
tributed pretty  uniformly  through  the  parenchyma  of  the  lung  and  the 
pleura,  though  sometimes  they  are  concentrated  more  closely  in  one 
part. 

The  formation  of  the  tubercles  begins  with  a  localized  cellular  infil- 
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tration  in  the  alveolar  septa  (Fig.  231)  or  other  element  of  the  pulmo- 
nary tissue  where  the  bacilli  have  found  a  nidus. 

The  recent  tubercles  have  all  sorts  of  irregular  shapes — crescentic, 
annular,  stellate,  and  so  on.  Later  on  an  accumulation  of  cells  takes 
place  in  the  neighboring  alveoli  and  ducts  and  the  nodules  become  more 
rounded,  though  even  in  this  stage  they  frequently  have  processes  and 
projections  corresponding  to  the  thickened  alveolar  septa.  Where  a 
tubercle  forms  the  capillary-system  of  the  part  is  always  destroyed,  so 
that  a  fully-developed  tubercle  is  non-vascular. 

Eecent  (or  'crude*)  tubercles  are  gray  and  translucent;  afterwards 
they  become  opaque,  yellow  and  caseous. 

The  eruption  of  the  tubercles  is  sometimes  accompanied  by  a  ca- 
tarrhal exudation. 

A  lung  studded  with  miliary  tubercles  is  generally  hypergemic;  it  is 
firmer  and  contains  less  air  than  normal,  the  smaller  nodules  are  gray 
and  translucent,  the  larger  opaque  and  white  or  yellow.  The  tubercles 
are  thus  obviously  not  all  of  the  same  age. 

Embolic  localized  tuberculosis  is  in  its  origin  of  the  same  nature 
as  the  miliary  form,  but  is  distinguished  from  it  by  occurring  only  in 
one  or  two  isolated  patches. 

The  development  of  the  single  patch  corresponds  to  that  of  the  dis- 
seminated miliary  eruption.  As  the  patient  usually  survives  for  a  longer 
time,  the  tubercles  as  they  form  coalesce  into  large  nodular  formations 
which  are  the  starting-points  for  further  morbid  change  (Art.  613). 

Many  writers  have  maintained  the  existence  of  a  form  of  lobar  pneumonia  of 
which  the  regular  termination  is  in  caseation,  and  which  they  consequently  de- 
scribe as  caseous  lobar  pneumonia. 

Buhl  (Lungenentzudung,  Tuberculose  und  Schwindsucht  Munich  1872)  has 
asserted  that  this  caseous  pneumonia  is  a  sequel  of  what  he  calls  true  desquama- 
tive pneumonia.  This  latter  begins  acutely  like  croupous  pneumonia  and  termi- 
mates  in  recovery,  or  after  weeks,  months,  or  years,  in  death.  The  gravest  form 
ends  in  caseation  and  is  the  local  expression  of  a  '  tuberculous  constitution.'  As 
we  have  pointed  out  in  Art.  604,  there  is  no  distinct  form  of  pneumonia  possess- 
ing the  characters  which  Buhl  describes,  and  the  same  holds  true  for  the  so- 
called  '  caseous  labor  pneumonia.'  What  has  been  so  frequently  described  under 
this  head  is  a  confluent  caseous  lobular  bronchopneumonia  of  tuberculous  origin. 
ZlEGLER  has  examined  a  large  number  of  lungs  clinically  described  as  the  seat  of 
caseous  lobar  pneumonia,  and  has  always  found  them  to  be  examples  of  nodular 
and  lobular  bronchopneumonia.  Nauwerck  and  Koch  have  demonstrated  the 
presence  of  tubercle-bacilli  in  the  diseased  foci  (Nauwerck,  Deut.  med.  Woch.  18, 
1883;  Koch,  Mittlieil.  a.  d.  k.  Gesundh.  li.  1884).  For  an  account  of  the  various 
views  on  the  subject  of  caseous  lobar  pneumonia  see  Shepherd,  Brit.  Med.  Journ. 
1876;  Hamilton,  ibid.  1880;  Orth,  Lehrb.  d.  spec.  Path.  n.  Berlin  1885. 

607.  Syphilitic  pneumonia  occurs  most  frequently  as  the  result  of 
congenital  syphilis,  rarely  in  the  acquired  disease. 

As  we  have  already  seen  (Art.  128),  when  the  poison  of  syphilis  is 
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diffused  by  way  of  the  circulation  it  sets  up  inflammations  which  in 
some  cases  differ  little  from  ordinary  non-specific  forms,  in  others  are 
characterized  as  specific  by  the  formation  of  gummatous  foci.  Both 
forms  occur  in  the  hmg,  but  are  certainly  very  rare  indeed  (if  we  except 
congenital  syphilis),  and  this  specific  character  is  by  no  means  easily 
established. 

Gummatous  pneumonia  is  a  syphilitic  inflammation  of  the  lung  in 
which  caseous  granulomatous  foci  develop  within  patches  of  inflamed 
pulmonary  tissue  or  of  new-formed  and  hyperplastic  fibrous  tissue. 
Similar  foci  are  often  described  as  met  with  in  post-mortem  examina- 
tions, but  there  is  little  doubt  that  in  most  cases  they  are  iiot  due  to 
syphilis.  They  are  in  general  merely  encapsulated  patches  of  broncho- 
pneumonia, dilated  bronchi  filled  with  caseous  exudations,  caseous 
detritus  lying  within  dilated  and  thickened  lymphatics  and  surrounded 
by  new-formed  fibrous  tissue,  and  so  on. 

Gummata  are  extremely  rare  in  the  lungs  of  adults;  they  are  com- 
moner in  new-born  syphilitic  infants,  and  may  occur  in  considerable 
numbers.  When  recent,  they  are  gray  or  grayish-white  and  somewhat 
translucent:  they  vary  from  the  size  of  a  pea  to  that  of  a  hazel-nut. 
Afterwards  the  centre  becomes  white  and  opaque,  and  by  disintegration 
may  even  become  excavated. 

Another  form  of  syphilitic  pneumonia  in  infants  gives  rise  to  diffuse 
cellular  inflammation  of  the  lung,  often  accompanied  by  desquamation 
and  fatty  degeneration  of  the  pulmonary  epithelium.  The  diseased  tis- 
sue is  abnormally  hard  and  white,  and  the  affection  has  therefore  re- 
ceived the  name  of  white  pneumonia. 

Some  writers  describe  a  similar  form  in  adults  as  the  result  of  acquired 
syphilis,  and  it  is  said  occasionally  to  lead  to  fibroid  induration  of  the 
lung.  According  to  Pankritius  it  usually  starts  from  the  hilum  and 
extends  radially.  Others  describe  as  syphilitic  certain  indurative  in- 
flammations starting  from  the  pleura  or  the  interlobular  septa. 

Some  of  these  inflamm.atory  indurations  in  syphilitic  subjects  are  no 
doubt  due  to  the  specific  influence  of  the  disease,  but  it  is  very  difficult 
to  distinguish  them  with  any  certainty.  We  may  be  sure  that  many  of 
the  indurative  changes  in  the  lung  set  down  to  syphilis  have  really  no 
connection  with  it,  but  are  due  to  other  causes.  The  like  is  true  of 
many  of  the  so-called  syphilitic  cicatrices  of  the  lung,  the  pleura,  and 
the  interlobular  septa. 

On  syphilitic  bronchopneumonia  see  Art.  618. 

ViRCHOVr  has  expressly  called  attention  to  the  fact  that  the  diagnosis  of 
syphilitic  changes  in  the  lung  is  of  exceptional  difficulty:  he  thinks  however  that 
both  gummatous  and  simple  irritative  inflammations  of  the  lung  due  to  syphilis 
do  occur.  Among  the  latter  are  certain  forms  of  fibrous  pneumonia,  pleurisy, 
and  peribronchitis,  and  of  catarrhal  and  caseous  bronchopneumonia.  Although 
of  late  years  much  has  been  published  on  the  subject  of  pulmonary  syphilis  it 
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cannot  be  said  that  our  knowledge  of  its  morbid  anatomy  has  much  advanced. 
Most  of  the  cases  described  leave  room  for  considerable  doubt  as  to  their  syphi- 
litic nature. 

References: — Depaul,  Oaz.  des  hopitaux  1851;  Hecker,  Virch.  Arch,  vol,  17, 
Berl  geburtshulfl.  Gesellsch.  viii.  (1854);  E.  Wagner,  Arch.  d.  Heilk.  iv.  (1863); 
FoRSTER,  Wurzburg.  med.  Zeitschr.  iv.  (1863);  voN  Barensprung,  Hereditdre 
Syphilis  Berlin  1864;  Virchow,  Virch.  Arch.  vols.  1  and  15,  Krankhafte  Ge- 
schwulste  II.  (1865);  Ho  wits,  Arch.  f.  Syphilidologie  in.;  Andreae,  Anat. 
Unters.  lib.  d.  Lung.  syph.  Kinder  In.  Diss.  Wurzburg  1875;  Schutz,  Syphilome 
d.  Lunge,  Klebs'  Bsitrdge  z.  path.  Anat.  i.  1878;  Vierling,  Deut.  Arch.  f.  klin. 
Med.  XXI.;  Colomatti,  Arch.  f.  Derm.  u.  Syph.  v.  (1878);  Pawlinoff,  Virch. 
Arch.  vol.  75;  Schnitzler,  Die  Lungensyphilis  Vienna  1880;  Grandidier,  Berl. 
Min.  Woch.  1875;  Gerhardt,  Sitzungsber.  der  phys.-med.  Gesellsch.  z.  Wurzburg 
1881;  Ramdohr,  ^rc7i.  d.  Heilk.  xix.;  Thompson,  Lawce^  1,  1878;  Saccharjin, 
Berl.  klin.  Woch.  1878;  Tiffany,  Amer.  Journ.  med.  sciences  1877;  Pankritius, 
Ueb.  Lungensyphilis  Berlin  1881;  GtJNTZ,  Memorabilien  1882;  Corn il  and  Ran- 
vier,  Man.  Path.  Hist.  ii.  London  1884;  Kopp,  Deut.  Arch.  f.  klin.  Med.  xxxii.; 
Hiller,  Charite-Annalen  1884  (with  critical  summary  of  published  cases); 
BiRCH-HiRSCHPELD,  Lehrb.  d.  path.  Anat.  ii.  1884;  Goodhart  and  others.  Trans, 
Path,  SoG.  xxviii. 

608.  neurogenous  pneumonia.  When  the  pleura  becomes  af- 
fected with  inflammation  (pleurisy)  the  underlying  pulmonary  tissue 
may  be  injured,  either  mechanically  (Art.  591)  or  by  extension  of  the 
inflammatory  process  to  the  lung.  The  extension  takes  place  chiefly  by 
way  of  the  lymphatics,  which  are  very  abundant  in  the  pleura  and  com- 
municate directly  with  those  of  the  interlobular  septa.  The  first  sign  of 
the  inflammation  is  exudation  into  the  lymphatic  vessels,  by  which  they 
are  distended — often  to  the  dimensions  of  a  middle-sized  bronchus. 

Interlobular  lymphangitis  of  this  kind  may  result  from  various  types 
of  inflammation,  though  it  is  most  commonly  associated  with  purulent 
or  fibrino-purulent  pleurisy,  whether  set  np  by  pysemic  (embolic)  suppu- 
ration in  the  lung  or  as  a  primary  local  affection.  For  example,  it  is 
not  infrequently  met  with  in  infants  who  have  died  of  pysemia  from  sep- 
tic infection  of  the  umbilicus. 

The  distention  of  the  interlobular  lymphatics  with  purulent  or 
fibrino-purulent  exudation  causes  the  lobules  to  be  separated  by  zones  of 
yellowish-white  infiltrated  tissue,  and  if  the  septa  themselves  undergo 
suppuration  the  lobules  may  be  loosened  and  isolated  from  each  other. 
This  form  of  pulmonary  inflammation  is  accordingly  spoken  of  as  dis- 
secting pneumonia  (HuTiiq-EL  and  Proust,  Archives  generales  cle 
med.  1882). 

From  the  septa  the  inflammation  may  spread  to  the  peribronchial 
lymphatics  and  affect  them  in  a  similar  way.  The  lobules  also  may 
become  inflamed,  so  that  the  already  compressed  lung-tissue  becomes 
the  seat  of  inflammatory  exudation  and  infiltration — catarrhal,  croup- 
ous, hgemorrhagic,  or  purulent — as  the  case  may  be.  Accordingly  the 
lobules  may  look  red,  grayish-red,  or  grayish-yellow,  and  saturated  with 
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a  turbid  secretion.     The  appearance  of  the  lung  is  in  fact  like  that  of  an 
OX  dead  of  pleuro-pneumonia  (Art.  605). 

If  the  disease  is  not  fatal,  recovery  takes  place  by  resorption,  though 
in  most  cases  there  remains  some  permanent  thickening  of  the  inter- 
lobular tissues.     Should  residues  of  inspissated  pus  remain  in  the  thick- 
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Fig.  233.    Chronic  pleurogenous  iNTERLOBni.AR  pneumonia. 

{Hardened  in  Muller^s  fluid,  stained  with  picrocarmine :    X  3.5.) 

a,  thickened  pleura  e,  dilated  bronchus  with  infiltrated  mucous  mem- 

6,  pulmonary  tissue  brane  /  and  thickened  peribronchial  tissue 

c,  thickened  interlobular  septa  g,  bronchioles  with  infiltrated  walls 

d,  cellular  infiltration  at  the  boundaries  of  the 

thickened  septa 

ened  septa,  nodules  having  much  resemblance  to  gummata  are  formed 
and  have  occasionally  been  mistaken  for  them. 
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Tuberculosis  may  in  like  manner  extend  from  tiie  pleura  to  the  lung, 
as  in  cases  of  tuberculous  disease  of  the  ribs  or  vertebrae;  and  then 
tubercles  appear  along  the  course  of  the  several  lymphatics. 

Chronic  indurative  and  plastic  inflammations  of  the  pleura  may  also 
extend  to  the  alveoli  by  way  of  the  interlobular  and  peribronchial 
channels. 

The  thickening  of  the  pleura  causes  the  lung  to  be  enclosed  in  a 
thick,  tough,'  fibrous  casing  (Fig.  232  a)  from  which  stout  fibrous  bands 
(c)  (corresponding  to  the  interlobular  septa)  extend  into  the  pulmonary 
tissue,  forming  a  kind  of  coarse  meshwork  with  the  thickened  peribron- 
chial tissue  (e). 

The  pulmonary  tissue  enclosed  in  the  meshes  of  the  septa  is  more  or 
less  compressed,  and  sometimes  becomes  entirely  collapsed  and  function- 
less.  Moreover  active  inflammation  may  extend  from  the  septa  to  the 
alveoli  (d)  and  give  rise  to  infiltration  and  fibrous  hyperplasia  in  them. 
Very  frequently  too  the  morbid  process  is  associated  with  evidences  of 
bronchopneumonia,  either  primary,  secondary,  or  antecedent. 

The  bronchi  of  the  affected  region  seldom  remain  entirely  healthy. 
As  a  rule  they  are  distorted  and  dilated  (e),  partly  owing  to  the  traction 
of  the  shrinking  fibrous  tissue,  partly  to  the  pressure  of  the  air  which  is 
irregularly  distributed  among  the  alveoli.  There  is  usually  also  some 
bronchial  catarrh,  the  mucous  membrane  both  of  bronchi  (/)  and 
bronchioles  {g)  being  visibly  infiltrated. 

609.  Inflammation  of  other  contents  of  the  thorax  or  of  the 
abdomen  sometimes  extends  to  the  lungs.  The  mediastinal  organs,  the 
bronchial  glands,  the  oesophagus,  the  stomach,  and  the  liver,  are  the 
parts  most  commonly  concerned.  And  according  to  the  character  of 
the  primary  affection  the  inflammation  of  the  lung  may  be  purulent  or 
putrid,  tuberculous,  caseous,  or  indurative.  Thus  a  tuberculous  gland 
may  give  rise  to  tuberculosis  of  the  root  of  the  lung,  and  an  abscess  of 
the  liver  breaking  through  the  diaphragm  may  cause  suppuration  of 
the  base  of  the  lung  with  purulent  pleurisy  or  empyema. 

In  ulcerative  disease  of  the  lung  the  bronchi  may  become  perforated. 
A  basal  abscess,  for  instance,  or  a  broken  down  caseous  bronchial  gland, 
may  rupture  into  a  neighboring  bronchus.  If  the  matters  thus  evacuated 
are  infective  or  irritating,  and  if  some  of  them  are  aspirated  into  other 
parts  of  the  parenchyma  of  the  lung,  secondary  bronchopneumonia  may 
result  (Art.  til3). 

Traumatic  lesions  of  the  lung,  caused  for  example  by  a  fractured  rib, 
give  rise  in  the  first  place  to  hsemorrhage  and  perhaps  entrance  of  air 
into  the  pleural  cavity  (pneumothorax).  If  the  wound  is  not  contami- 
nated the  rent  is  healed  by  thrombosis  and  subsequent  cicatrization. 
Septic  contamination  of  the  wound  results  in  suppuration  and  gangrene 
of  the  lung. 


CHAPTER  LXXXV^II. 

FORMS    OF    BRONCHOPNEUMONIA. 

610.  Non-specific  bronchopneumonia.  All  forms  of  broncho- 
pneumonia are  at  first  essentially  local  disorders,  whose  extent  and  dis- 
tribution are  determined  by  the  position  and  relations  of  the  affected 
bronchioles  and  alveolar  ducts.  This  local  character  is  most  apparent 
when  the  irritant  substance  which  induces  the  bronchopneumonic 
inflammation  is  in  a  minutely  divided  form  and  suspended  in  the 
inspired  air,  so  that  it  reaches  the  terminal  air-passages  directly.  In 
animals  such  inflammations  can  readily  be  produced  by  causing  them  to 
breathe  an  atmosphere  containing  irritant  substances  in  the  form  of  dust 


Fig.  233.  Fig.  234. 

Fig.  233.    Miliary  bronchopneumonia. 

A  patch  extending  over  three  alveoli. 

(From  the  lung  of  a  dog,  after  inhalation  of  an  irritating  spray  :     X  30.) 

Fig.  234.    Miliary  bronchopneumonia. 

A  patch  extending  over  a  respiratory  bronchiole  and  the  adjacent  alveoli:  some  of  the  extravasated 

cells  contain  particles  of  dust. 
(From  the  same  lung.) 

or  spray.  In  man  the  earlier  stages  can  be  observed  only  in  cases  where 
shortly  before  death  a  quantity  of  irritating  dust,  or  very  small  particles 
of  secretion  from  the  air-passages  themselves,  have  been  inhaled. 

Wherever  these  particles  lodge  an  acute  reactive  inflammation  is  set 
up  around  them,  first  of  all  in  the  wall  of  the  particular  air-space,  and 
soon  (if  the  irritation  be  sufficiently  great)  in  the  adjoining  tissue  also. 
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In  this  way  are  formed  minute,  or  as  they  are  called  miliary,  patches  of 
inflammation  starting  from  the  terminal  air-sacs  or  infundibula  (Fig. 
233),  or  from  the  alveolar  ducts  and  respiratory  bronchioles  (Fig.  234) 
with  their  alveoli,  and  spreading  to  the  neighboring  elements  by  direct 
extension. 

When  the  aspirated  substances  are  still  more  irritating  (e.  g.  saliva 
with  remains  of  food,  pus  from  laryngeal  abscesses,  etc.),  the  inflamma- 
tions induced  are  more  extensive.  In  this  way  are  produced  larger  areas 
of  bronchopneumonia  extending  over  a  number  of  contiguous  alveoli, 
alveolar  ducts,  and  bronchioles.  When  entire  lobules  are  thus  attacked 
we  have  what  is  called  lobular  bronchopneumonia.  When  all  or 
most  of  the  lobules  of  a  lobe  are  simultaneously  affected  we  have  what 
may  be  called  lobar  bronchopneumonia. 

The  appearance  of  the  bronchopneumonic  patches  naturally  varies 
with  the  form  of  the  inflammation  (Arts.  596,  597)  and  the  stage  it  has 
reached.  When  exudation  has  followed  upon  the  initial  hyperemia,  the 
spots  have  a  dark-red,  grayish-red,  gray,  or  grayish-yellow  tint,  and 
yield  on  pressure  a  turbid  liquid  whose  tint  varies  in  like  manner, 
according  to  the  proportion  of  red  and  white  blood-cells  it  contains. 
Only  in  croupous  inflammations  is  the  exudation  solid  or  semi  solid  and 
not  readily  squeezed  out.  The  cut  surface  has  a  granular  look.  The 
inflamed  patches  are  sometimes  well-deflned,  sometimes  indistinct.  The 
tissue  around  them  is  usually  hyperaemic. 

In  miliary  bronchopneumonia  when  the  cellular  infiltration  is  dense 
and  the  patches  sharply-defined,  they  sometimes  look  very  like  recent 
miliary  tubercles. 

Very  frequently  indeed  bronchopneumonia  is  preceded  by  bronchitis 
and  bronchiolitis,  and  thus  before  the  respiratory  tissue  is  actually 
inflamed  some  of  the  smaller  bronchi  may  be  obstructed  and  so  give  rise 
to  lobular  collapse  or  atelectasis  (Art.  591).  The  collapsed  lobules 
assume  a  dark-red  or  livid  tint,  and  thus  the  onset  of  bronchopneumonia 
in  them  is  not  very  obvious.  The  tint  alters  only  after  a  certain  amount 
of  cellular  and  serous  exudation  has  taken  place  into  the  alveoli,  and 
then  the  characteristic  turbid  juice  can  be  squeezed  from  the  affected 
tissue. 

611.  The  number  and  distribution  of  the  bronchopneumonic 
centres  will  of  course  be  very  different  in  different  cases.  In  one  instance 
they  may  be  scattered  over  both  lungs,  in  another  confined  to  a  part  of 
a  single  lobe.  When  a  large  number  of  lobules  are  collapsed  or  inflamed, 
compensatory  dilatation  of  the  still  active  lobules  takes  place.  Subpleural 
inflammations  usually  lead  to  inflammation  of  the  pleura  also. 

Suppuration  and  gangrene  of  the  bronchopneumonic  patches  are 
comparatively  infrequent;  they  are  most  commonly  due  to  the  aspira- 
tion of  irritating  liquids  from  the  mouth  or  stomach,  or  of  pus  and 
detritus  from  abscesses  or  ulcers  in  the  larynx  or  trachea,  from  cavities 
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in  the  lung  itself,  and  so  on.  As  in  the  case  of  embolic  abscesses  and 
riporoses,  these  bronchopueumaiiic  abscesses  may  heal  more  or  less 
completely  by  delimiting  inllammation  and  cicatrization.  Death  how- 
ever is  the  more  frequent  result. 

In  most  cases  of  bronchopneumonia  the  exudation  is  absorbed,  and 
the  lung  restored  to  its  normal  state.  It  must  however  be  remembered 
that  unabsorbed  residues  are  much  more  common  after  bronchopneumonia 
than  after  croupous  pneumonia.  Even  in  the  non-suppurative  forms 
the  cellular  infiltration  of  the  interlobular  and  peribronchial  fibrous 
structures  is  here  and  there  so  abundant  that  complete  resorption  is 
impossible:  the  circulation  of  the  part  may  indeed  be  so  much  interfered 
with  that  caseoas  necrosis  takes  place.  In  other  cases  the  inflammation 
persists  for  a  considerable  time,  and  passing  into  a  chronic  condition 
leads  to  the  formation  of  new  fibrous  tissue  and  thus  to  induration. 


Fig.  235.    Mason's  lung  'with  bronchopneumonic  fibrous  nodules. 
{Section  hardened  in  alcohol,  and  stained  with  picrocarmine  :     X  9.) 


o,  group  of  fibrous  nodules 
6,  normal  pulmonary  tissue 


c,  thickened  pulmonary  tissue  containing  bron- 
chi, vessels,  and  a  few  alveoli 


Dry  caseous  necrosis  of  the  pulmonary  tissue  occurs  generally  as  a 
sequel  of  the  lobular  inflammation,  especially  in  children  suffering  from 
bronchitis  and  bronchopneumonia  after  measles  or  whooping-cough.  It 
may  however  occur  in  adults  and  in  connection  with  other  forms  of 
bronchopneumonia.  While  many  of  the  patches  of  inflammation  dis- 
appear by  resorption,  here  and  there  the  exudation  persists,  condenses, 
and  by  degrees  assumes  a  dry  cheesy  consistence,  while  the  surrounding 
tissue  simultaneously  undergoes  necrosis.  In  this  manner  caseous 
nodules,  from  the  size  of  a  pea  to  that  of  a  walnut,  are  produced;  after 
a  time  they  become  enclosed  in  a  fibrous  capsule,  and  then  may  remain 
for  an  indefinite  time  without  further  change,  though  frequently  they 

become  calcified.     These  nodules  are  met  with  in  all  parts  of  the  lung, 
11 
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though  the  apex  is  the  commonest  seat.  Occasionally  they  give  rise  to 
obstruction  of  some  of  the  bronchial  tubes  (Art.  580). 

A  more  frequent  result  of  bronchopneumonia  is  induration  or 
cirrhosis  of  the  Hung.  In  its  least-complicated  form  this  occurs  in 
cases  where  the  continual  inhalation  of  irritating  dust  keeps  up  a  con- 
stantly-renewed inflammation. 

Coal-dust  is  the  least  irritating,  stone-dust  and  metallic  particles  are 
much  more  injurious.  The  power  of  the  absorbents  is  usually  insuffi- 
cient to  remove  all  the  dust  inhaled,  aud  inflammation  being  set  up 
around  the  particles  that  remain  in  process  of  time  they  are  enclosed  in 
capsules  of  new  fibrous  tissue  (Fig.  235  a),  and  thus  give  rise  to  hard 
fibrous  nodules. 

In  some  cases  these  nodules  are  few  and  scattered:  in  others  they  are 
numerous  and  lie  together  in  groups  (Fig.  235).  Instances  occur  in 
which  they  are  so  numerous  in  particular  parts  of  the  lung  that  scarcely 
any  air-containing  tissue  exists  between  them,  and  in  other  parts  the 
lung  is  entirely  fibrous.  This  condition  is  best  described  as  nodular 
cirrhosis. 

The  separate  nodules  are  of  various  sizes  from  that  of  a  lentil  to  that 
of  a  bean.  They  are  white,  slate-colored,  or  even  black,  and  that  even 
in  the  absence  of  coal-dust.  The  pigment  is  then  derived  from  the 
coloring-matter  of  the  blood.  When  fully  developed  they  consist  of 
coarse  fibrous  tissue,  often  concentrically  stratified.  Larger  nodes  are 
formed  by  the  coalescence  of  smaller  nodules,  and  correspond  to  the 
territory  of  a  single  bronchiole:  the  smallest  nodules  represent  terminal 
alveoli  or  infundibula. 

The  tissue  round  about  the  nodules  is  infiltrated  with  cells,  or  thick- 
ened and  fibrous,  the  indurative  inflammation  extending  radially. 

When  the  bronchopneumonia  is  lobular,  and  associated  with  obstruc- 
tive collapse,  the  nodular  cirrhosis  is  accompanied  by  a  more  diifuse 
indurative  change,  which  we  may  call  lobular  cirrhosis.  In  this  way,  as 
in  the  cirrhosis  of  simple  collapse  (Art.  592,  Fig.  221),  the  lung  is  beset 
with  patches  of  compact  gray  or  slate-colored  tissue,  enclosing  scattered 
nodules  which  are  usually  of  a  paler  tint. 

Patches  of  this  kind  may  be  formed  in  any  part  of  the  lung,  though 
they  are  most  common  at  the  apex:  not  infrequently  they  contain  small 
cheesy  nodules. 

The  pervious  bronchi  traversing  the  indurated  region  generally 
become  dilated,  and  are  the  seat  of  chronic  inflammation  often  of  an 
■ulcerative  kind  and  leading  to  the  formation  of  cavities  or  vomicae. 
When  such  a  vomica  contains  a  decomposing  or  irritant  secretion,  the 
latter  may  gain  access  to  the  air-passages  and  by  aspiration  pass  into  the 
terminal  branches  of  other  bronchi.  In  this  way  fresh  bronchopneu- 
monia is  set  up,  and  may  lead  to  miliary  or  nodular  or  lobular  inflamma- 
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tion,  ending  in  local  recovery,  or  it  may  be  in  suppuration  or  induration 
lil<e  the  first. 

The  pleura  is  affected  in  all  bronchopneumonic  indurations  that  are 
not  entirely  limited  to  the  deeper  parts  of  the  lung;  thickening  and 
adhesions  are  the  usual  result.  So  also  it  is  not  unusual  to  find  thick- 
ening of  the  peribronchial  and  the  interlobular  fibrous  tissue., 

612.  Tuberculous  bronchopneumonia.  Tuberculosis  of  the  lung 
may  begin  in  one  of  three  ways:  namely,  as  embolic  tuberculous  pneu- 
monia, as  primary  tuberculous  bronchopneumonia,  and  as  tuberculous 
lymphangitis. 

Embolic  tuberculous  pneumonia  has  already  been  considered  (Art. 
006).  It  takes  the  form  either  of  disseminated  miliary  tuberculosis  and 
terminates  fatally,  or  of  a  localized  affection  leading  to  the  formation  of 
one  or  more  isolated  caseous  nodes.  These  nodes  may  occur  either  in  a 
part  of  the  lung  previously  healthy,  or  in  tissue  already  altered  by  dis- 
ease. 

Tuberculous  lymphangitis  (Art.  609)  takes  the  form  of  a  local  erup- 
tion of  tubercles  in  the  neighborhood  of  a  tuberculous  focus  outside  the 
lung.  A  caseous  bronchial  gland  or  tuberculous  disease  of  the  vertebral 
column  is  the  commonest  starting-point  of  the  affection. 

Primary  tuberculous  bronchopneumonia  attacks  both  healthy 
and  diseased  lung-tissue. 

In  the  former  case  tubercle-bacilli,  either  alone  or  accompanied  by 
other  irritant  matters,  gain  access  with  the  inspired  air  to  the  respira- 
tory parenchyma,  settle  in  some  ramification  of  the  air-passages,  and  in 
the  first  instance  give  rise  to  a  nodular  patch  of  inflammation  (Fig.  236 
g).  Occasionally  the  bacilli  may  at  once  be  taken  up  by  the  lymphatics 
and  give  rise  first  in  them  to  the  formation  of  granulomatous  nodules. 

When  the  tubercle-bacilli  alone  enter  the  lung,  these  are  the  only 
changes  induced;  but  if  at  the  same  time  other  sources  of  irritation  are 
at  work  the  tuberculous  changes  are  accompanied  by  more  or  less  exten- 
sive bronchitis  and  bronchopneumonia.  As  the  case  goes  on  the  latter 
affections  pass  away,  often  however  leaving  behind  bronchi  obstructed 
with  secretion,  or  collapsed  and  indurated  patches  sometimes  containing 
caseous  foci;  so  that  the  affected  part  of  the  lung  includes  one  or  more 
caseous  patches  (e)  containing  bacilli,  caseous  masses  free  from  bacilli, 
obstructed  or  occluded  bronchi,  and  gray  cirrhotic  areas.  In  certain 
cases  patches  originally  containing  bacilli  may  become  free  from  them, 
and  undergo  cicatrization  with  or  without  caseous  enclosures. 

The  specific  infection  frequently  reaches  a  lung  already  morbidly 
affected.  If  the  affection  is  a  recent  bronchitis  with  bronchopneumonia, 
the  after-course  of  the  disease  will  resemble  that  just  described.  Exactly 
how  often  such  a  secondary  infection  takes  place  it  is  not  at  present 
easy  to  determine.     Most  probably  we  have  instances  of  it  in  those  cases 
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where  chronic  tuberculosis  appears  to  be  developed  from  a  non-tubercu- 
lous bronchopneumonia  such  as  follows  measles  or  whooping-cough. 

Secondary  tuberculous  infection  is  also  favored  by  the  fact  that 
inhaled  bacilli  may  develop  more  readily  in  tissue  which  is  altered  by 
antecedent  or  still  persisting  chronic  inflammatory  processes.  This  pos- 
sibility is  supported  by  the  observation — that  certain  tissue  changes  con- 
nected with  particular  inflammatory  affections  of  the  lung  appear  to 
predispose  it  to  tuberculosis.  So  far  as  can  be  made  out  by  morbid  anat- 
omy these  are  chiefly — caseous  necrotic  patches,  inspissated  collections 


Fig.  236.    Primary  tobebcux,ous  bronchopneumonia  ■wtth   commencing  tuberculous  lymphan- 
gitis. 
{Section  from,  the  left  apex  of  the  lung  of  a  woman  of  25,  which  contained  a  few  scattered  Twde^s 
with  central  caseation;  carmine  staining  :    X  15.) 


a,  normal  lung-tissue 
6,  normal  bronchus 

c,  bronchus  with  inflamed  wall 

d,  artery 

e,  encapsuled  caseous  bronchopneumonic 

patches 


/,  fibroid  induration 
g,  caseous  centre  and 
h,  cellular  periphery  of  a  tuberculous  node 
i,  k,  tubercles  in  the  neighboring  lymphatic  ves- 
sels 


of  bronchial  secretion,  and  bronchiectatic  cavities.  The  predisposition 
does  not  depend  on  the  way  in  which  these  morbid  changes  have  been 
brought  about.     When  the  bacilli  once  gain  a  settlement  the  periphery 
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of  the  caseous  node  or  the  wall  of  the  bronchiectatic  cavity  becomes  the 
seat  of  a  new  inflammation  which  thenceforth  exhibits  the  character  of 
a  tuberculous  process. 

The  author  has  for  a  number  of  years  endeavored  from  the  anatomical  side  to 
make  out  the  early  stages  of  pulmonary  tuberculosis,  and  the  above  account 
represents  the  outcome  of  his  investigations.  In  Wurzburgand  in  Zurich  he  had 
to  make  post-mortem  examination  of  a  large  number  of  children  and  young  per- 
sons, and  so  had  frequently  the  opportunity  of  observing  tuberculosis  in  all  its 
stages,  even  from  the  very  beginning.  He  has  thus  convinced  himself  that  in 
the  great  majority  of  cases  tuberculosis  of  the  lung  begins  in  the  form  of  solitary 
nodes  or  nodular  foci.  The  tuberculous  nature  of  these  foci  is  in  general  readily 
determined  from  the  appearance  of  the  parts  immediately  around  them.  Re- 
cently also  Nauwerok  and  Glaser  have  demonstrated  the  presence  of  tubercle- 
bacilli  in  some  of  the  cases  collected  by  the  author. 

The  occurrence  of  secondary  tuberculous  infection  in  lungs  already  diseased 
appears  to  follow  from  the  frequently-observed  fact  that  recent  tuberculous 
bronchopneumonia  is  found  side  by  side  with  old  patches  of  induration  that  are 
devoid  of  any  recognizably  tuberculous  character,  while  the  bi'onchiectatic  cavi- 
ties they  enclose  contain  tubercle-bacilli.  It  must  however  be  granted  that  a 
tuberculous  lung  may  recover  locally,  the  disease  sometimes  leaving  behind  it 
patches  of  induration  that  possess  none  of  the  special  characters  of  tuberculosis. 

Formerly  attempts  were  made  to  explain  pulmonary  phthisis  and  tuberculosis 
as  the  direct  result  of  a  special  constitution  or  predisposition,  which  reacted  in 
a  peculiar  way  to  ordinary  irritations.  After  the  communicability  of  tuberculo- 
sis was  established  stress  was  always  laid  on  the  fact  that  certain  animals  are 
more  susceptible  of  the  disease  than  others,  and  accordingly  the  special  predispo- 
sition of  the  individual  has  always  been  regarded  as  a  principal  factor  in  the  gen- 
esis of  tuberculosis.  Since  Kocti's  discovery  of  the  tubercle-bacillus  the  question 
of  predisposition  has  fallen  somewhat  into  the  background.  It  appears  however 
unwise  to  lose  sight  of  what  is  almost  certainly  the  fact — that  many  persons  are 
more  disposed  to  become  tuberculous  than  others.  This  predisposition  is  either 
congenital  or  acquired,  and  consists  either  in  local  alterations  of  tissue  or  in  the 
general  constitution  of  the  system,  that  is  in  peculiarities  of  the  metabolism  of 
the  tissues.  For  instance,  diabetic  patients  are  well-known  to  be  very  apt  to 
suffer  from  a  fatal  form  of  tuberculous  phthisis.  Other  predisposing  conditions 
are — excessive  smallness  of  the  heart  in  proportion  to  the  lungs  and  the  body 
generally,  poverty  of  the  blood  in  albuminoids  and  water  such  as  follows  con- 
tinued lactation,  suppuration,  cholera,  etc.,  lesions  of  the  heart  limiting  the 
blood-supply  to  the  lungs,  contracted  thorax,  and  enfeebled  inspiration.  Scrof- 
ula, that  is  to  say  the  particular  anomaly  of  constitution  which  is  manifested 
chiefly  by  a  tendency  to  chronic  catarrh  of  raucous  membranes,  also  favors 
tuberculous  infection.  How  exactly  these  conditions  act  as  predisposing  causes 
of  tuberculosis  we  can  hardly  at  present  determine,  though  all  clinical  experience 
goes  to  show  that  they  are  of  some  importance. 

In  addition  to  the  constitutional  predisposition  we  have  to  consider  the  local 
predisposition  :  and  it  is  i-easonable  to  suppose  that  in  the  case  of  the  lung  this 
latter  plays  a  considerable  part.  Thus  lung-tissue  that  is  inflamed  or  that  is 
altered  in  a  certain  way  by  previous  inflammation  is  more  apt  to  become  tuber- 
culous than  normal  healthy  tissue. 

Lastly,  it  appears  certain  that  many  persons  are  predisposed  or  rather  pre- 
destined to  tuberculosis  because  they  are  much  more  exposed  to  the  chances  of 
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infection  than  others.  This  is  especially  the  case  with  children  who  grow  up  in 
the  company  of  tuberculous  parents. 

An  f^xtremely  important,  but  at  present  involv^ed,  question  is — whether 
tuberculosis  can  be  inherited,  *'•  e.  whether  the  tubercle-bacillus  can  be  trans- 
mitted from  the  parent  to  the  foetus  in  fecundation  or  daring  gestation.  Ziegler 
has  pointed  out  in  several  of  his  writings  that  no  anatomical  facts  are  yet  to 
hand  in  support  of  the  affirmative  supposition.  There  is  on  record  no  indubi- 
table instance  of  intra-uterine  foetal  tuberculosis,  and  after  birth  the  affection 
appears  at  the  earliest  in  the  third  week,  by  which  time  it  is  quite  possible  for 
infection  from  without  to  have  taken  place.  It  must  however  be  kept  in  mind 
that  in  some  instances  the  disease  had  at  this  time  made  such  progress  that  the 
beginning  of  it  might  with  great  probability  be  referred  to  the  intra-uterine 
period  (Demme  and  Lichtheim,  Verhandl.  d.  med.  Congresses  in  Wiesbaden  1883). 
Zisgler's  view  is — that  congenital  tubercalosis  is  possible  but  not  yet  certainly 
demonstrated,  and  that  it  must  at  any  I'ate  be  rare.  Since  Koch's  discovery  a 
good  many  authorities  liave  come  over  to  this  view.  Actual  transmission  of 
tuberculosis  to  the  foetus  appears  conceivable  only  when  at  the  time  of  impregna- 
tion the  male  suffers  from  urogenital  tuberculosis,  or  when  during  gestation  the 
female  genital  organs  are  tuberculous,  or  tubercle-bacilli  gain  access  to  the  cir- 
culatory system.  Future  observation  alone  can  determine  whether  this  view  irf 
correct  or  not.  and  meanwhile  we  may  explain  the  fact — that  the  children  of 
tuberculous  parents  so  readily  perish  fi*om  tuberculosis — by  observing  that  they 
inherit  some  predisposition  to  the  disease  and  by  their  constant  intercourse  with 
the  parents  are  in  a  special  way  exposed  to  the  risk  of  infection. 

Tuberculosis  by  inhalation  was  first  induced  in  animals  by  Tappeiner, 
LiPPL,  and  Schweninger  {Naturforscherversammlung  in  Milnchen  1882,  Virch. 
Arch.  vols.  74,  82),  afterwards  by  Weichselbaum  (Cent.  f.  med.  Wiss.  18S3. 
Wiener  med.  Jahrb.  1883),  Schottelius  (Vireh.  Arch.  vol.  73),  and  otliers. 
"When  animals  are  made  to  breathe  air  containing  plithisical  sputa  pulverized  by 
means  of  the  spray  apparatus,  small  miliary  bronchopneumonic  patches  much 
resembling  tubercles  are  found  in  the  lungs.  Tappeiner  took  them  for  actual 
tubercles  and  compared  them  to  the  tubercles  found  in  miliary  tuberculosis  of 
the  lung.  This  however  is  a  mistake:  they  are  multiple  primary  tuberculous 
bronchopneumonic  patches  of  miliary  size,  caused  by  tlie  inhalation  of  tubercle- 
bacilli  (Ziegler.  Sammhing  klin.  Vortrdge  151).  Veraguth  worked  at  the  sub- 
ject in  Zisgler's  laboratory  during  1881-82,  and  showed  that  in  the  bi'oncho- 
pneumonic  patches  great  masses  of  bacilli  were  developed,  that  in  course  of  time 
from  these  patches  were  formed  larger  caseous  and  even  ulcerating  nodes,  and 
that  in  goats  the  process  might  give  rise  to  tubarculous  disease  of  tiie  lymphatics, 
lymphatic  glands,  and  serous  membranes,  all  of  which  contained  bacilli.  Four- 
teen days  elapse  from  the  time  of  inhalation  before  the  first  visible  changes  are 
detected.  As  the  changes  set  in  masses  of  bacilli  are  seen  in  the  alveolar  epi- 
thelial cells,  which  they  presently  cause  to  degenerate,  while  reactive  inflamma- 
tion is  set  up  in  the  adjacent  tissue. 

References: — Bayer,  Etudes  compar.  de  la  phthisie  pulmonaire  1842;  Seegen, 
Der  Diabetes  mdlitus  Berlin  1878;  Bouchardat,  De  la  glycosurie  Paris  1878; 
Leyden,  Ueb.  diabet.  Lungenphthise,  Zeitschr.  f.  klin.  Bled,  iv.;  RiJHLE,  Ziems- 
sen's  Cyclop,  v.;  Jijrgensen,  ibid.;  Ziegler,  loc.  cit.;  Bacmgarten,  Zeitschr.  f. 
Tclin.  Med.  vi.,  Sammhing  klin.  Vortrdge  218,  Berl.  klin.  Woch.  1883;  Collective 
Investigation  Record  i.  London  1883;  Klebs,  Art.  Tubercidose,  Eidenburg's  En- 
cyclopddie  xiii.;  Veraguth,  Arch.  f.  exp.  Path.  xvii.  1883;  Koster,  Sitzungsber. 
d.  niederrhein.  Gesellscii.  Bonn  Feb.  1876;  Senise,  Movimento  med.  chir.  di 
Napoli  i,  1883;    Johne,  Geschichte  d.   Tuberculose  Leipzig  18S3,  and  Die  kdsiga 
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HUttenrauchpneumonie  d.  Rindes,  Fortachrilte  d.  Med.  i.  1883,  lii.  1885;  Biedert 
and  SlQEL,  Virch.  Arch.  vol.  98;  Wargdnin,  ibid.  vol.  96;  Wahl,  Deut.  med. 
Woch.  1,  1885;  Schaffer,  Die  Verbreitung  d.  Taberculose  in  den  Lungen  In. 
Diss.  Berlin  1884;  Brehmer,  Die  Aetiol,  d.  chron.  Lungensehwindsucht  Berlin 

1885. 


613.  Extension  of  tnberculosis  in  the  lung.  The  manner  in 
which  tuberculosis  of  the  lung  extends  from  part  to  part  is  always  tlie 
same,  whether  the  original  infection  is  due  to  embolism  or  to  inhalation. 

The  first-formed  nodule  increases  in  size  by  ppriplieral  extension 

of  the  cellular  infiltnition.  The  accumulation  of  cells  in  the  contiguous 
alveolar  walls  and  alveoli  takes  place  continuously  and  uniformly  (Fig. 
236  7i  i),  though  here  and  there  we  may  find  typical  tubercles  with  epithe- 
lioid cells  and  giant-cells  in  the  midst  of  the  mass  of  simple  leucocytes. 

After  a  certain  time  this  continuous  extension  is  accompanied  by 
tuberculous  lymphangitis,  manifested  by  the  development  of  tuber- 
cles in  the  course  of  the  surrounding  lymphatics  (Fig.  236  i  Ic).  This 
eruption  may  be  interalveolar,  interlobular,  or  peribronchial,  and  often 
spreads  rapidly  to  the  pleura  and  the  bronchial  glands. 

In  many  cases  this  is  the  only  mode  of  extension,  at  least  for  a  con- 
siderable time.  For  months  together,  either  steadily  or  with  occasional 
pauses,  fresh  nodular  foci  continue  to  be  formed  along  the  course  of  the 
lymphatics,  and  the  intervening  tissue  becomes  chronically  inflamed. 
In  this  way  patches  of  induration  of  various  sizes  are  produced,  which 
contain  single  tubercles  and  groups  of  tubercles,  usually  all  enclosing 
bacilli,  and  in  various  stages  of  growth  and  decay. 

Sooner  or  later  another  mode  of  extension  takes  place  in  addition  to 
this  ordinary  one  of  lymphangitic  induration  and  caseation. 

A  primary  (or  it  may  be  a  secondary)  caseous  node  reaches  a  certain 
size,  softens  and  disintegrates,  and  then  breaks  through  into  a  bronchus. 
The  caseous  detritus  contains  tubercle-bacilli,  and  consequently  a  possi- 
bility arises  that  the  disease  may  be  spread  to  other  parts  of  the  lung  by 
aspiration  into  the  air-passages.  As  a  fact  much  of  the  detritus  and 
the  bacilli  are  coughed  up  as  sputum,  but  som.e  may  be  aspirated  into 
the  smaller  tubes  and  so  reach  the  respiratory  parenchyma.  This  may 
also  happen  when  the  infected  conteuts  of  a  bronchiectasis  or  of  a 
broncbiectatic  vomica  are  emptied  into  a  bronchus,  or  when  a  cheesy 
tuberculous  gland  softens  and  breaks  through. 

The  aspirated  matters  lodge  in  various  parts  of  the  pulmonary  tissue 
and  give  rise  to  a  reactive  inflammation  whose  extent  and  intensity 
de23end  partly  on  the  amount  and  nature  of  the  irritant  substances, 
partly  on  the  relations  of  the  tissue  involved,  partly  on  bhe  special  pre- 
disposition of  the  patient.  As  regards  the  irritant  substances  it  must  be 
kept  in  mind  that  they  often  include  not  only  tubercle-bacilli  but  also 
other  micro-organisms  and  chemical  products  o'f  decomposition  from  the 
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diseased  cavities,  and  these  may  give  rise  to  suppuratiye,  or  fibrinous,  or 
even  putrid  inflammations. 

In  this  way  a  fresh  focus  of  bronchopneumonic  inflammation  is  lit  up. 
The  course  of  the  nev/  inflammation  is  in  general  this — there  is  first  an 
abundant  cellular  exudation;  after  some  days  or  weeks  this  forms  a 
nodular  infiltrated  patch  (Fig.  237  fg),  which  then  becomes  caseous  in 
the  centre  (/),  while  the  periphery  (g)  consists  of  living  cells.  By 
proper  staining-methods  bacilli  (h)  can  be  shown  lying  singly  or  in 
groups  both  in  the  caseous  and  in  the  cellular  parts.     The  vessels  which 


Fig.  237.    Miliary  tuberculous  bronchopneumonia. 

{This  is  a  secondary  patch  due  to  the  aspiration  of  the  contents  of  a  small  caseous  node  which 
ruptured  into  a  bronchus :  preparation  injected  ivith  blue  gelatine  and  stained  with  alum-car- 
mine :  the  bacilli  drawn  from  a  parallel  section  stained  withfuchsin  :    X  80.) 


a,  interalveolar  septa  with  injected,  capillaries 
6,  respiratory  bronchiole 

c,  injected  artery 

d,  circumvascular  lymphatic  distended  with  ex- 

udation 

e,  pigment  lying  round  the  lymphatic 
/,  caseous  centre,  and 


fir,  cellular  periphery  of  the  bronchopneumonic 
patch 

h,    tubercle-bacilli  (X  160) 

i,    cellular  exudation  in.  the  alveoli 

Ji,  chiefly  fibrinous  exudation 

fc,    vein  with  surrounding  cellular  infiltration 

I,  interlobular  lymphatic  distended  with  exuda- 
tion 


traversed  the  part   occupied  by  a   solid  nodule   of  this  kind  are  always 
destroyed. 

The  lung-tissue  around    the  nodule  is  the  seat  of  an  exudative  in- 
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flammation,  whose  intensity  diilers  greatly  in  different  cases.  As  a  rule 
ti)e  neighboring  alveoli  (/)  contain  extravasated  liquid  and  cells,  desqua- 
mated epithelium,  and  often  fibrin  (t,).  The  alveolar  walls  are  infil- 
trated with  leucocytes,  especially  around  the  veins  (^').  The  lymphatics, 
peribronchial  and  periarterial  {d)  as  well  as  interalveolar  and  interlobu- 
lar (l),  arc  also  in  some  measure  affected  by  the  inflammation,  being 
more  or  less  distended  by  exuded  matters  {dl).  When  the  nodule  is 
subpleural,  the  pleura  is  simultaneously  inflamed. 

When  a  number  of  tuberculous  bronchopneumonic  foci  are  thus 
formed  by  aspiration,  each  passes  through  much  the  same  series  of 
changes  as  were  described  in  the  case  of  the  primary  focus.  Some  con- 
tinually enlarge  and  lead  to  progressive  tuberculous  lymphangitis,  others 
soften  and  break  down  and  by  aspiration  of  their  contents  lead  possibly 
to  fresh  bronchopneumonic  infection. 

At  all  stages  of  the  disease  there  is  still  another  possible  mode  by 
which  the  infective  agent  maybe  disseminated.     Chronic  inflammatory 
change  in  the  lung  always  extends  in  some  degree  to  the  blood-vessels. 
Plastic  inflammation  leads  to  fibrous  thickening  of  the  walls  of  arteries 
and  veins,  and  by  endarteritic  thickening  some  of  the  smaller  branches 
may  be  obliterated   altogether.      In  tuberculous   inflammation  of  the 
lung  the  walls  of  the  capillaries  as  well  as  those  of  the  arteries  and  veins 
are  especially  apt  to  be  affected.      When  an  actual  tuberculous  node  or 
nodule  is  formed  the  capillaries  perish  outright,  while  in  the  walls  of  the 
larger  vessels  appear  granulomatous  growths  having  all  the  characters 
of  tubercle,  and  developing  some  into  fibrous  thickenings  and  some  into 
caseous  ulcers.     These  several  morbid  changes  naturally  lead  to  local 
disorders  of  the  circulation,  and  to  more  or  less  copious  hsemorrhages 
(haemoptysis),  which  are  most  apt  to  follow  when  the  walls  of  arteries 
are  diseased  and  are  eroded  or  give  way.      But  there  is  also  the  danger 
that  the  caseous  growths  on  the  walls  of  veins  may  break  into  the  in- 
terior of  them,  and  permit  the  tuberculous  detritus  and  bacilli  to  enter 
the  circulation  and  spread  the  infection  to  distant  organs.     This  how- 
ever appears  not  to  happen  at  all  frequently,  no  doubt  because  before  a 
tubercle  actually  breaks  through  the  intima  into  the  vein  thrombosis  is 
induced  by  the  diseased  state  of  the  wall,  and  in  this  way  the  vein  itself 
is  effectually  blocked   up  (compare  CoRisriL,  Journ.    de  Vanat.   1880  ; 
MtJGGE,  Vircli.  Arch.  vol.  76;  Ar^stold,  ibid.  vol.  88;  Weigert,  ihid. 
vols.  77,  87,  104). 

The  tubercle-bacilli  may  at  a  very  early  stage  of  the  disease  pass 
from  the  peribronchial  lymphatics  into  the  bronchial  glands,  and  there 
set  up  tuberculous  changes.  Cases  indeed  not  infrequently  occur  in 
which  only  a  few  scattered  bronchopneumonic  nodules  are  found  in  the 
lungs,  while  some  of  the  bronchial  glands  are  tuberculous  throughout  or 
entirely  caseous.     It  has  even  been  noted  that  only  a  single  small  patch 
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may  occur  in  the  lung,  or  that  no  patch   at  all  may  be  discovered,  and 
yet  the  bronchial  glands  may  be  extensively  diseased. 

After  the  tuberculous  process  has  spread  over  a  considerable  part  of 
the  lung  and  the  lymphatics  the  bronchi  also  become  diseased  in  like 
manner.  The  smaller  tubes  are  first  affected,  then  the  larger,  and  often 
the  trachea  and  larynx  as  well.  If  the  sputum  be  swallowed  tuberculo- 
sis of  the  alimentary  canal  may  be  set  up. 

The  author  in  a  lecture  published  in  1878  [Sammlung  hlin.  Vortrdge  151)  ex- 
plicitly insisted  on  the  fact  that  the  extension  of  tuberculosis  in  the  lung  takes 
place  by  way  partly  of  the  lymphatics  and  partly  of  the  broncliial  passages,  the 
whole  course  of  the  disease  suggesting  inevitably  that  the  secretion  and  other 
contents  of  tuberculous  cavities  act  infectively  upon  the  sounder  parts  of  the 
lung.  This  statement  was  based  chiefly  on  the  results  of  anatomical  examination 
and  on  the  experiments  on  inlialation  cited  in  Art.  612.  The  subsequent  discov- 
ery of  the  tubercle-bacillus,  and  the  demonstrated  fact  that  the  sputum  from  the 
diseased  lung  contains  bacilli,  corroborate  the  statement,  and  all  the  author's  re- 
cent observations  in  the  post-mortem  room  are  in  entire  accord  with  it.  When  a 
number  of  tuberculous  bronchopneumonic  patches  are  found  in  a  lung,  there  is 
always  present  an  older  disintegrated  focus  or  a  bronchiectasis  or  a  caseous  Ij'^m- 
phatic  gland:  in  these  the  bacilli  have  multiplied  and  have  thence  been  dissemi- 
nated along  the  air-passages. 

We  are  unable  to  set  forth  in  detail  the  numerous  and  various  accounts  which 
have  been  given  of  tuberculous  disease  of  the  lung.  An  analysis  of  them  could 
only  be  of  value  if  accompanied  by  the  arguments  which  have  induced  us  to  set 
aside  those  that  differ  from  the  account  in  the  text,  and  this  would  scarcely  be 
in  place  in  a  work  like  the  present.  In  general  terms  it  may  be  said  that  some 
of  the  views  referred  to  are  erroneous  because  they  rest  on  mistaken  ideas  as  to 
the  structure  of  the  lung;  and  farther  that  sufficient  attention  has  not  been  paid 
to  the  distinction  between  diseases  of  the  respiratory  parenchyma  of  the  lung 
and  diseases  of  the  bronchi  and  peribronchial  tissue.  Many  affections  have  thus 
been  described  as  peribronchitic  in  which  the  peribronchial  tissue  is  intact,  the 
affection  being  really  one  of  the  respiratory  tissue  and  only  properly  described 
as  bronchopneumonic.  Authors  again  have  in  many  cases  entirely  ignored  the 
lymphatics,  while  a  few  have  exaggerated  the  part  they  play. 

References  on  the  morbid  anatomy  of  chronic  pulmonary  tuberculosis  : — 
Laennec,  Traite  del' auscultation  mediate  et  des  maladien  despoumonset  du  cceur 
II.  Paris  1837;  Carswell,  Pathological  Anatomy  London  1838;  RiJHLE,  Zlems- 
sen's  Cyclop,  v.;  Rindfleiscb.,  PathologicalHistology  u.  London  1873;  Raymond, 
Arch.  gen.  de  med.  1883;  Okth,  Virch.  Arch.  vol.  86,  Berl.  Min.  Woch.  ISSl; 
AuFRECHT,  Path.  Mittheil.  i.,  ii.;  Kostek,  Sitzungsber.  d.  niederrhein.  Gesell. 
Bonn  1876;  Huguenin,  Corresp.  f.  Schweizer  Aerzte  1880;  Ziegler,  loe.  cit.; 
Buhl,  loc.  cit.;  voN  Wyss,  Oerhai^dfs  Handh.  d.  Kinderkr.  iii. ;  Hamilton, 
Pathology  of  bronchitis  etc.  London  1883;  Cornil  and  Ranvier,  Man.  Path.  Plist. 
II.  London  1884;  Sormani,  Annal.  univers.  di  med.  1883;  Germain  See,  Bacillary 
phthisis  (trans,  by  Weddell)  London  1885;  Orth,  Lehrb.  d.  spec.  Path.  ii.  Berlin 
1885. 

References  on  tubercle-bacilli  in  sputum  etc.: — Koch,  Berl.  klin.  Woch.  15, 
1882  and  10,  1883;  Baumgarten,  Cent.  f.  med.  Wiss.  15,  18S2;  Lichtheim, 
Fortschriite  d.  Med.  i.  (1883);  de  Giacomi,  ibid.;  Balmer  and  Fraentzel,  Berl. 
Min.  Woch.  45,  1882  and  Deut.  med.  Woch.  17,  1883;  Hiller,  Deut.  med.  Woch. 
1:7.   1883,  Zeitschr.  f.  klin.  Med.   v.;  P.   Guttmann,  Berl.  klin.  Woch.  52,  1882; 


FOliMS   OF    BKONCIIOPNKUMOMA.  875 

pFEIFFJiR.  ibid.  3,  188;];  ZiRlIL,  Dcut.  med.  VV'och.  5,  188:5;  MiCNClIi:.  Furischrilte 
d.  Med.  I.;  Dkesciifeld,  Brit.  Med.  Journ.  1,  188:};  Demmic,  licrl.  Idin.  Wuch.  1"». 
18t."3;  RiEOEL,  Cent.  f.  Idin.  Med.  13,  1883;  Muller,  Verhundl.  d.  jj/ti/s.-med. 
Oesell.  zu  Wiirzhurg  xvili.  (1883),  London  Med.  Record  IHSo;  Kof;H,  Mitth.  n.  d.  /.-. 
Oesimdh.  II.  1884;  Klein  and  Gibhks,  Annual  Rejwrt  to  Local  Govenuanit  linnnl 
1883-1884;  Percy  Kidd,  Med.  cliir.  Trann.  Lxviii.  W6Ty,  Hunter  Mackenzie, 
Treatise  on  the  sjuituin  Eiliaburyli  1880;  Cornil  and  Bares,  Leu  baclerien  Paiin 
1885. 

G14.  From   what  has   boon  said   in   the  last  Articlo  it    will  appear 
that  the  extoiision  of  localized  tuberculosis  of  the  lung  is  essentially  a 


Fig.  238.    Chronic  nodular  tuberculous  bronchopjteumonia. 
{Hardened  in  Midler' s  fluid,  stained  loith  picrocarniine  :  X  6.) 
a,  6,  c,  d,    nodules  of   various  forms  corre-  /,    arteriole 

spending  to  systems  of  alveolar  ducts  gr,    nodules  in  process  of  coalescence 

e,    section  througti   an  infiltrated  and    oc-  h,    small  bronchus  (normal) 

eluded  bronchiole  fc,    artery 


bronchopneumonic  process,  accompanied  to  a  varying  extent  by  lymphan- 
gitis, bronchitis,  and  peribronchitis. 

All  these  inflammatory  processes  aiJect  in  the   first  instance  more  or 
less  isolated  patches  of  tissue,  which  are  usually  nodular  and  vary  from 
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the  size  of  a  millet-seed  to  that  of  a  pea.  Where  the  process  is  still 
recent  we  thus  find  the  respiratory  tissue  studded  with  small  gray  trans- 
lucent nodules,  or  larger  white  opaque  ones  (Fig.  238  a  d).  Most  of 
these  are  simply  respiratory  bronchioles  and  alveolar  ducts  with  their 
alveoli  {abed)  which  have  become  transformed  by  inflammation  into  com- 
pact and  continuous  masses.  On  section  we  can  frequently  make  out 
in  them  the  form  and  arrangement  (b  c)  of  the  original  parts.  It  is 
only  when  the  nodule  increases  in  size  by  the  extension  of  the  inflamma- 
tion to  neighboring  alveolar  groups  and  to  the  lymphatics  that  this  con- 
figuration becomes  indistinct  and  disappears. 

In  the  later  stages  the  bronchopneumonic  nodules  usually  give  place 
in  a  measure  to  those  caused  by  lymphangitis,  bronchitis,  and  peri- 
bronchitis (e);  but  this  is  by  no  means  always  the  case. 

Cases  occur  in  which  the  thickening  of  the  bronchi  and  peribronchial 
tissue  and  the  occlusion  of  the  smaller  air-passages  goes  on  to  a  very 
marked  extent.  In  like  manner  the  lymphangitis  may  spread  far  and 
wide. 

If  we  start  then  with  these  nodular  inflammatory  patches  it  is  not 
hard  to  gain  an  understanding  of  the  many  diverse  forms  in  which  pul- 
monary tuberculosis  presents  itself.  They  are  all  referable  to  this 
primary  type,  and -their  differences  are  due  partly  to  varieties  in  the 
original  bronchopneumonic  patches  themselves,  partly  to  variations  in 
the  morbid  phenomena  which  accompany  their  development. 

As  regards  the  bronchopneumonic  patches,  varieties  occur  chiefly  in 
the  character  of  the  inflammatory  exudation,  to  some  extent  also  in  the 
way  in  which  the  inflammation  terminates — the  issue  of  the  inflamma- 
tion. 

In  one  case  we  may  have  a  cellular  or  a  fibrous  exudation  which 
rapidly  becomes  caseous  or  purulent,  in  another  the  process  tends  to 
fibrous  overgrowth  with  partial  caseation:  thus  we  may  distinguish  case- 
ous, caseo-purulent,  caseo-fibroid,  and  fibroid  or  indurative  varieties  of 
tuberculous  bronchopneumonia. 

When  the  development  of  the  nodular  patches  is  accompanied  by 
more  extensive  inflammation  of  the  adjacent  tissue,  the  nodular  patch 
becomes  a  lobular  one:  thus  we  have  a  simply  nodular  and  also  a  lobular 
form  of  tuberculous  bronchopneumonia. 

Both  the  primary  and  the  secondary  tuberculous  patches  may  cease  to 
extend  and  at  length  heal.  It  is  very  doubtful  whether  complete  re- 
covery of  the  affected  tissue  by  re-absorption  of  the  exudation  is  in  any 
case  possible,  and  indeed  it  can  only  occur  in  the  very  smallest  patches 
whose  vessels  are  not  yet  obliterated.  In  larger  patches  healing  can  only 
take  place  when  the  inflammatory  process  issues  in  fibrous  hyperplasia 
and  induration.  The  indurated  portions  of  the  lung  are  sometimes 
nodular,  sometimes  diffuse  and  extensive:  they  consist  of  slaty-gray 
{induration  ardoise)   or  white   fibrous  tissue.     They  may  contain 
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caseous  residues;  but  usually  some  exist  scattered  through  tl»e  tissue^ 
and  are  derived  either  from  broncliopneumonic  patches  or  from  altered 
broncliial  secretion.  lu  these  nodules  and  patches  it  appears  likely  that 
bacilli  may  jDcrsist  for  a  considerable  time,  though  we  may  take  it  fur 
granted  that  they  ultimately  perish.  Sooner  or  later  the  caseous  resi- 
dues become  calcified. 

In  tliis  way,  so  long  as  the  affected  patches  are  few,  tuberculous  dis- 
ease of  the  lung  may  be  entirely  recovered  from,  or  at  least  stayed  from 
further  advance,  so  that  for  years  no  new  portion  of  the  lung  is  invaded. 
Of  course  so  long  as  any  bacilli  remain  in  the  tissue,  we  can  hardly  speak 
of  the  recovery  as  complete.  When  a  large  number  of  tuberculous  foci 
exist  in  the  lung,  in  some  of  them  absolute  or  relative  recovery  may  take 
place,  but  it  is  extremely  unlikely  that  this  will  occur  in  all  simultane- 
ously. So  long  however  as  a  single  patch  undergoes  disintegration  and 
forms  a  nidus  for  the  multiplication  of  the  bacilli,  the  danger  and  the 
probability  remain  that  the  process  may  start  afresh  by  extension 
through  the  lymphatics,  the  blood-vessels,  or  the  air-passages. 

Tlie  term  tuberculous  bronchopneumonia  (including  the  associated  morbid 
changes)  is  to  a  great  extent  coextensive  with  the  clinical  term  pulmonary 
phthisis.  The  two  ideas  are  however  not  identical.  The  lung  may  be  destroyed 
by  inflammations  which  have  uotliing  to  do  either  with  tuberculosis  or  with  any 
other  of  the  infective  granule niata.  Inasmuch  as  phthisis  primarily  connotes 
simply  destruction  of  tissue,  it  might  very  well  be  taken  to  include  all  destruc- 
tive inflammations  of  the  lung. 

It  is  usual  however  to  limit  the  term  to  those  destructive  inflammations  which 
are  progressive,  that  is  to  say  which  advance  either  steadily  or  intermittently 
from  bad  to  worse,  and  that  independently  of  fresh  injury  from  without.  Tiiis 
limitation  then  excludes  those  affections  of  the  lung  wherein  an  acute  inflamma- 
tion is  followed  by  a  partial  destruction  of  tissue,  which  however  has  no  ten. 
dency  to  extend  or  become  genei-al. 

Even  then  the  terms  phthisis  and  tuberculosis  are  not  equivalent.  For  as  we 
have  seen  certain  non-specific  inflammations  may  take  on  a  progressive  charac- 
ter, and  of  the  specific  granulomatous  infections  glanders,  syphilis,  and  actino- 
mycosis lead  to  affections  of  the  lung  analogous  to  tuberculous  disease. 

The  varieties  observed  in  the  course  of  tuberculous  bronchopneumonia,  iu 
other  words  the  diversities  in  the  nature  of  the  individual  foci  of  inflammation, 
depend  partly  on  differences  in  the  reaction  of  the  pulmonary  tissue  to  irritation 
in  different  persons,  but  chiefly  no  doubt  on  the  character  and  quantity  of  the 
irritant  disseminated  through  the  lung.  And  though  our  view  at  present  is  that 
the  essential  and  specific  irritant  in  tuberculous  phthisis  is  the  tubercle-bacillus, 
yet  it  can  hardly  be  gainsaid  that  in  many  cases  other  injurious  agencies  co- 
operate with  it. 

Many  pulmonary  cavities  or  vomicge  contain  not  only  tubercle-bacilli  but  also 
other  bacilli  and  micrococci,  and  these  too  may  have  a  destructive  action,  modi- 
fying and  perhaps  now  and  then  intensifying  the  action  of  the  specific  virus.  It 
is  possible  that  the  caseo-purulent  form  of  phthisis  may  be  due  to  a  complex  in- 
fection of  this  nature. 

With  regard  to  recovery  from  pulmonary  tuberculosis,  many  cases  have  been 
recorded;  but  until  the  discovery  of  the  tubercle-bacillus  it  was  impossible  to  de- 
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cide  with  absolute  certainty  whether  when  a  cicatrix  was  found  in  the  lung  the 
antecedent  affection  had  or  had  not  been  tuberculous.  The  process  of  healing 
referred  to  in  the  text  undoubtedly  occurs:  we  would  refer  in  support  of  this  not 
only  to  cases  in  which  a  clinical  diagnosis  of  tuberculosis  had  been  made,  and 
years  afterwards  the  indurative  changes  above  described  have  been  discovered 
in  the  lung,  but  also  to  a  recently-published  observation  of  Nauwerck's  {Deut. 
Tried.  Woch.  23,  1883).  In  the  body  of  a  man  of  45,  who  five  years  before  his 
death  had  for  a  time  shown  symptoms  of  bilateral  disease  of  the  apices  of  the 
lungs,  and  who  died  after  a  short  illness  of  gastric  cancer,  Nauwerck  found  in 
the  apices  cicatricial  patches  enclosing  scattered  caseous  foci  with  a  few  tuber- 
cle-bacilli. There  was  no  trace  of  recent  tuberculous  bronchopneumonia  or  lym- 
phangitis. In  the  indurated  fibrous  tissue  no  bacilli  were  found.  It  is  worth 
noting  that  four  brothers  of  the  patient  had  previously  died  of  tuberculosis. 

615.  The  simplest  and  commonest  form  of  pulmonary  tuberculosis 
is  nodular  tuberculous  bronchopneumonia,  characterized  by  the 
formation  of  bronchopneumonic  nodules  and  nodes. 


Fig.  239.    Nodolab  tuberculous  bronchopneumonia. 
(.Preparation  injected  with  blue,  and  stained  with  carmine :    X  2b.) 

a,  V-shaped  patch,  caseous  in  the  centre  and  fibro-cellular  at  the  periphery,  produced  by  the  infil- 

tration of  two  contiguous  alveolar  ducts  and  their  alveoli 

b,  respiratory  bronchiole  with  cellular  exudation  in  and  around  it 

c,  alveolar  duct,  with  caseous  cellular  contents  and  iafiltrated  alveoli 

To  give  rise  to  it  there  must  somewhere  exist  a  mass  of  softening 
tubercle,  a  tuberculous  bronchitis,  or  a  bronchiectatic  cavity:  in  other 
words  a  focus  from  which  tubercle-bacilli  may  reach  the  bronchial  pas- 
sages and  thence  pass  into  the  terminal  bronchioles  (Fig.  239  i). 

If  the  dissemination  is  rapid  and  extend  over  the  greater  part  of  the 
lung  the  patient  may  sink  very  speedily,  and  after  death  the  lung  is 
found  studded  with  miliary  gray  and  white  nodules  exactly  resembling 
embolic  tubercles.  This  form  we  might  describe  as  miliary  tuberculous 
bronchopneumonia  (Fig  237).  The  small  patches  lie  partly  in  the  alve- 
olar ducts  (Fig.  239  c),  partly  in  the  respiratory  bronchioles  {b):  when 
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recent  they  are  cellular,  but  afterwards  they  become  caseous  or  fibrous. 
The  vessels  perish  as  the  nodules  develop. 

Wlien  the  virus  is  more  gradually  disseminated,  so  that  the  patient 
survives  for  a  longer  time,  the  })atches  become  more  numerous  and  in- 
crease in  size.  As  a  rule  they  become  caseous  in  the  centre  (a)  and 
fibrous  or  fibro-cellular  at  the  periphery.  The  course  of  the  disease  is 
usually  chronic,  and  it  niiglit  therefore  be  described  as  chronic  nodular 
indnrative  bronchopneumonia.  The  groups  of  gray  or  grayish-white 
nodules  are  arranged  in  clusters,  and  in  section  appear  rounded,  oval, 
bifurcated,  or  trifoliate.  This  is  of  course  due  to  the  fact  that  tlie  solid 
nodular  masses  represent  the  terminal  branches  of  a  respiratory  bronchi- 
ole. In  the  neighborhood  of  the  nodules  there  are  always  a  number  of 
obstructed  bronchioles  with  thickened  walls,  looking  on  section  like  en- 
capsuled  caseous  nodes. 

At  first  the  bronchopneumonic  patches  lie  bedded  in  normal  air-con- 
taining tissue;  but  after  a  time  the  surrounding  tissue  is  usually  con- 
densed, indurated,  and  gray.  This  is  due  in  the  first  place  to  collapse 
from  occlusion  of  the  bronchioles  and  small  bronchi,  and  secondly  to 
extension  from  the  nodular  patches  of  the  inflammatory  infiltration  and 
induration,  by  which  the  alveolar  walls  are  thickened  and  the  alveoli 
are  filled  up  with  cells  and  ultimately  fibrous  tissue.  The  pigmentation 
is  referable  partly  to  inhaled  dust,  partly  to  the  small  haemorrhages  which 
occur  from  disturbances  of  circulation  in  the  diseased  area  or  from  rup- 
ture of  the  degenerate  vessels  that  run  through  it. 

The  rarer  form  of  nodular  tuberculosis,  nodular  caseous  broncho- 
pneumonia, is  characterized  by  the  formation  of  small  cellular  foci, 
gray  or  yellowish-white,  and  rapidly  becoming  caseous  or  purulent.  The 
caseous  non-vascular  nodules  are  always  surrounded  by  a  zone  within, 
which  the  alveoli  are  filled  with  leucocytes,  desquamated  epithelium, 
liquid  exudation,  and  often  fibrin,  while  the  lung-tissue  itself  is  infil- 
trated with  small  cells.  These  nodules  readily  soften  and  break  down, 
so  that  little  cavities  are  formed  which  sooner  or  later  open  into  the  ad- 
jacent bronchi. 

The  caseous,  indurative,  and  caseo-fibroid  forms  of  bronchopneu- 
monia are  met  with  in  combination. 

616.  The  processes  Just  described  start  as  a  rule  in  the  apices  of  the 
lungs,  and  thence  extend  downwards  and  backwards.  The  apex  of  a 
lung  may  thus  exhibit  terminal  stages  of  the  disease  while  the  bases  are 
still  in  process  of  invasion.  After  a  time  the  parts  most  affected,  in  the 
caseo-fibroid  or  indurative  form  of  bronchopneumonia,  become  almost 
absolutely  airless,  and  hard  and  knotty  to  the  touch.  The  pulmonary 
pleura  is  usually  much  thickened  and  adherent  to  the  costal  layer  (Fig. 
240  a),  the  lung-tissue  is  condensed  and  studded  with  caseous  nodes  (be) 
surrounded  either  by  translucent  gray  or  white  or  by  slaty-gray  pig- 
mented fibrous  tissue.     Tiiese  nodules  are  occluded  and  indurated  alve- 
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olar  ducts  with  their  alveoli  (b),  or  bronchioles  with  caseous  contents  (c) 
and  thickened  walls  surrounded  by  condensed  tissue.  Between  the 
nodules  lie  white  or  pigmented  fibrous  bands  (e)  corresponding  to  thick- 
ened interlobular  septa  or  peribronchial  connective  tissue,  and  gray 
nodules  representing  recent  foci  of  inflammatory  infiltration  {ff^). 

The  fibrous  nodes  and  bands  are  coarsely-fibrous  with  few  cells,  or 
mainly  cellular.  Some  of  the  nodes  are  caseous  in  the  centre,  giant 
cells  being  often  found  in  the  zone  between  the  caseous  matter  and  the 
non-necrosed  tissue.  By  appropriate  treatment  a  few  scattered  bacilli 
can  be  demonstrated.  Sometimes  these  indurated  patches  also  contain 
typical  tubercles.  The  septa  of  the  remaining  portions  of  the  lung  are 
frequently  infiltrated  with  cells  and  more  or  less  thickened. 

This  morbid  change  may  extend  over  the  greater  part  of  the  lung, 


Fig.  840.    Chronic  nodosb  TtrBsscuLous  cirrhosis. 
(^Hardened  in  alcohol,  stained  with  hcBmatoxylin :     X  30.) 


a,  thickened  and  fibroid  pleura 
6,  caseo-flbrous  bronchopneumonic  nodes 
c,  bronchioles  with  caseous  contents  and  thick- 
ened waUs 


d,  small  bronohiectatic  cavities 
c,  thickened  interlobular  septa 
/,  recent   cellular  infiltration  surrounding  the 
nodules  and  (/i)  the  lymphatics. 


The  alveolar  sspta  are  in  parts  infiltrated  with  cells,  and  the  thickened  and  indurated  tissue  is 
pigmented. 

and  then  leads  to  a  form  of  contraction  and  induration  which  we  may 
fitly  describe  as  nodose  tuberculous  cirrhosis.  Usually  however  it  is 
confined  to  a  limited  portion  of  the  lung,  other  changes  being  set  up 
which  lead  to  a  different  result. 

Even  in  cases  where  the  cirrhosis  is  at  first  the  characteristic  feature 
ulceration  is  never  entirely  absent.  The  process  may  start  in  the  case- 
ous foci  within  the  lung-tissue  itself,  or  in  the  bronchiectatic  cavities 
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which  arise  in  the  shrunken  and  airless  parts.  Once  the  process  of  dis- 
integration has  begun  it  usually  advances  steadily  and  somewhat  rapidly 
to  the  formation  of  vomicge  or  caverns.  Even  when  these  cavities  be- 
come lined  with  a  layer  of  granulations  the  process  is  seldom  thereby 
brought  to  a  complete  standstill,  for  the  bacilli  settled  in  the  wall  of  the 
cavity  give  rise  to  fresh  inflammatory  change  and  fresh  necrosis. 

The  usual  course  of  the  disease,  in  indurative  tuberculous  broncho- 
pneumonia as  in  other  forms,  leads  to  the  formation' of  cavities  of  con- 
siderable size,  increasing  not  only  by  continuous  extension  but  also  by 
coalescence  with  others.  In  the  latter  case  we  may  have  a  whole  series 
of  intercommunicating  cavities,  or  a  single  large  and  very  irregular 
cavern  traversed  and  partially  subdivided  by  bands  and  fragments  of 
tissue. 

The  greater  part  or  the  whole  of  the  upper  lobe  and  parts  of  the 
lower  lobe  may  be  thus  destroyed,  the  cavity  being  in  places  bounded 
only  by  the  thickened  pleura,  while  the  collapsed  and  indurated  pul- 
monary tissue  is  much  reduced  in  bulk.  The  cavity  contains  air,  and 
grayish,  yellowish,  or  brownish  liquid,  mingled  with  pus-cells  and 
whitish  shreds  and  fragments  of  necrotic  lung-tissue  usually  beset  with 
bacilli.  The  disintegration  of  the  lung-tissue  takes  place  much  more 
rapidly  in  caseous  and  caseo-purulent  bronchopneumonia  than  in  the 
indurative  form.  It  sometimes  happens  that  in  a  very  short  time  from 
the  onset  of  the  malady  the  whole  lung  is  riddled  with  cavities,  whose 
caseous  and  infiltrated  walls  break  down  into  shreds  as  if  they  were  rotten- 
When  such  a  cavity  lies  immediately  underneath  the  pleura  there  is 
always  (unless  previous  adhesions  limit  the  process)  a  certain  amount  of 
fibrinous  or  purulent  inflammation  of  that  membrane.  Not  infrequently 
the  pleura  is  perforated  and  pneumothorax  or  pyopneumothorax  is 
set  up. 

The  caseo-fibroid,  caseous,  and  caseo-purulent  forms  of  broncho- 
pneumonia occur  in  various  combinations  and  give  rise  to  a  great  variety 
of  different  morbid  appearances  in  different  cases.  Sometimes  a  sup- 
purative form  of  the  inflammation  is  grafted  on  a  chronic  caseo-fibroid 
form,  and  leads  to  a  marked  acceleration  of  the  destructive  process. 

The  striking  fact  that  tuberculous  bronchopneumonia  usually  begins  in  the 
apex  of  the  lung  points  to  the  conclusion  that  the  settlement  and  multiplication 
of  the  tubercle-bacilli  take  place  more  readily  there  than  in  other  parts.  In  the 
apex  the  respiratory  movement  is  relatively  smaller,  and  the  amount  of  blood  in 
circulation  less.  Any  bacilli  whicli  may  reach  the  apex  by  aspiration  are  there- 
fore less  readily  carried  off  by  the  lymphatics  and  destroyed  by  tlie  living  tissue- 
cells:  in  other  words  the  tissue  is  there  less  resistant.  A  fact  perhaps  still  more 
significant  is  this— that  residues  of  previous  inflammation  (Art.  611)  linger  longer 
in  the  apex  than  elsewhere  in  the  lung,  and  in  this  way  cause  a  kind  of  local 
weakness  or  predisposition  to  bacillary  invasion  in  that  part. 

617.    Lobular  caseous  tuberculous  bronchopneumonia  always 
12 
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starts  in  miliary  or  nodose  bronchopneumonia.  Sometimes  in  the 
neighborhood  of  recent  cellular  or  partially  caseous  bronchopneumonic 
foci  (Fig.  241  a)  a  lobular  inflammation  is  set  up,  which  is  marked  by 
cellular  infiltration  of  the  alveolar  {b)  and  interlobular  (c)  septa,  and 
distention  of  the  alveoli  and  lymphatics  (d)  with  a  fibrinous  liquid  and 
cells.  The  tissue  thus  infiltrated  sooner  or  later  becomes  caseous  and 
breaks  down,  induration  seldom  occurring  to  any  appreciable  extent. 

At  first  the  inflamed  lobules  appear  on  section  airless,  grayish-red, 
smooth,  gelatinous,  and  infiltrated:  the  condition  has  been  well  described 
as  gelatinous  infiltration.  They  afterwards  become  paler,  then  gray 
and  translucent,  and  lastly  opaque  yellowish-white. 

The  number  of  the  lobulesvso  affected  is  of  course  variable.  When 
they  are  numerous  we  usually  find  at  the  time  of  death  that  different 
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Fig.  241.    Lobular  caseous  tuberculous  bronchopneumonia. 
{Section  through  a  suhpleural  lobule  j  hardened  in  alcohol,  stained  with  hcematoxylin;    x  25.) 

a,  nodule   with  caseous  centre    and  cellular  c,  interlobular  septa  infiltrated    with    leuco 

pheripery  cytes 

6,  alveoli  filled  with    exudation,    the    walls  d,  lymphatics  filled  with  exudation 

infiltrated  with  leucocytes 

lobules  are  in  different  stages  of  the  process,  some  being  grayish-red, 
others  gray,  others  yellowish-white.  Frequently  the  latter  show  signs 
of  softening  and  excavation,  or  there  are  actually  cavities  of  consider- 
able size  and  communicating  with  the  air  by  way  of  the  bronchi. 

When  all  the  lobules  of  a  lobe  are  thus  affected,  the  disease  assumes 
the  appearance  of  a  lobar  affection  and  is  often  so  described  (Art.  606). 
Microscopical  examination  however  always  proves  that  some  of  the  lobules 
have  been  affected  long  before  the  others,  and  so  does  away  with  the  idea 
of  a  '  lobar  caseous  pneumonia.' 

The  pleura  over  the  affected  lobules  is  always  inflamed,  and  usually 
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covered  with  fibrinous  exudation.     As  tlie  lobules  break  down  the  pleura 
may  suppurate  and  become  caseous,  and  so  break  down  in  like  manner. 

When  lobular  caseous  bronchopneumonia  is  found  in  a  lung  we  always 
find  also  older  morbid  changes  in  it,  usually  at  the  apex  but  at  times  in 
other  parts.  They  may  be  slight,  consisting  of  a  few  scattered  points  of 
caseation,  or  some  indurated  nodules,  or  dilated  bronchi.  In  other 
cases  the  lobular  caseation  is  but  a  terminal  complication  of  an  advanced 
nodose,  caseous,  or  indurative  bronchopneumonia.  The  lobular  process 
may  in  fact  be  combined  in  a  multitude  of  ways  with  the  nodose. 

Lobular  caseous  bronchopneumonia  is  most  frequent  in  children, 
though  it  is  by  no  means  rare  in  adults.  By  many  pathologists  it  is 
referred  to  as  scrofulous  pue.Mnonia. 

618.  Bronchopneumonia  from  actinomycosis,  glamlers,  and 
syphilis.  The  pulmonary  affection  set  up  by  Actinomyces  (Art.  134) 
takes  the  form  of  a  bronchopneumonia,  the  diseased  patches  being  of 
miliary  size  or  larger.  In  cattle  the  patches  are  hard  and  nodular,  and 
contain  in  the  centre  the  ray-fungus  as  a  kind  of  nucleus  (Pflug,  Hiistk). 
In  man  the  affection  tends  to  be  suppurative  (Israel,  Ponfick),  yellow 
or  grayish-yellow  patches  being  formed  which  presently  by  softening 
and  suppuration  give  rise  to  corresponding  cavities.  These  may  become 
larger  and  larger,  and  at  length  break  through  the  pleura.  The  charac- 
teristic feature  of  the  process  is  of  course  the  presence  of  the  ray-fungus 
in  the  pus  and  in  the  infiltrated  and  disintegrated  lung-tissue. 

When  glanders-bacilli  (Loffler  and  Schutz,  Deut.  med.  Woch.  52, 
1882;  CoRisriL  and  Babes,  Les  bacteries  Paris  1885)  reach  the  lung  by 
aspiration,  they  give  rise  to  the  formation  of  nodules  and  nodes  chiefly 
beneath  the  pleura.  At  first  they  are  soft  and  grayish,  afterwards  they 
become  firmer  and  in  part  caseous.  Patches  of  lobular  extent  and 
grayish-red  in  tint,  and  patches  of  bronchopneumonic  suppuration,  are 
also  met  with  in  glanders,  and  there  may  be  a  certain  amount  of  hsemor- 
rhcigic  iullammation.  When  the  disease  affects  a  number  of  contiguous 
lobules,  large  portions  of  the  lung  may  in  this  way  be  infiltrated  and 
ultimately  break  down.  When  the  bacilli  reach  the  lung  through  the 
circulation  they  induce  pneumonia,  which  resembles  in  many  respects 
the  bronchopneumonic  forms  just  referred  to. 

Syphilis  first  of  all  gives  rise  to  bronchitis,  which  in  course  of  time 
leads  to  peribronchial  induration,  with  occlusion  and  dilatation  of  bronchi 
(Arts.  578-579),  According  to  some  catarrhal,  indurative,  suppurative, 
and  caseous  forms  of  bronchopneumonia  may  also  result  from  syphilis. 
The  caseous  forms  are  said  to  include  both  lobular  and  nodular  varieties. 

References  on  pulmonary  actinomycosis: — Israel,   Virch.  Arch.   vols.  74,  78, 

and  Beitr.  z.  Kenntn.  d.  Actin.  d.  Menschen  Berlin  1885;  PONFICK,  Die  Actmomy- 

cosedes  Menschen  Berlin  18S2;  PFLJja,  Ce7i,t.f.  med.    Wiss.    14,    1882;  Hink,  ^■6^■d. 

46,  1883;  March  and,  Article  Aktinomykose,  Eulenburg's  Real-eneyclop, 

On  pulmonary  glanders  see  Bollinger,  Zeitschr,  f.  Thiermed.  1876,  Ziemssen's 
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Cyclop,  in.;  Werner,  Der  Lungenrotz  1878;  Rabe,   Jahresber.   d.  Thierarznei- 
schule  Hanover  1876;  PtJTZ,  Seuclien  u.  Herdekrankheiten  Stuttgart  1883;  Dieck- 
ERHOFF,  Lehrb.  d.  spec.  Path.  f.  Thierdrzte  I.  Berlin  1885. 
On  pulmonary  syphilis  see  Art.  518. 


CHAPTEE  LXXXVril. 

TUMORS    AND    PARASITES    OF    THE    LUNGS. 

619.  Primary  tumors  of  the  lung  or  bronchi  are  rare.  Primary 
carcinoma  may  occur  in  the  larger  bronchi  as  irregular  nodose  or  papil- 
lary growths,  starting  either  in  the  mucous  glands  or  in  the  lining  epi- 
thelium. Similar  growths  are  also  met  with  in  the  smaller  bronchi,  and 
these  tend  to  spread  over  large  portions  of  the  bronchial  ramifications. 
The  disease  may  then  extend  to  the  peribronchial  lymphatics,  whereupon 
its  generalization  takes  place  with  great  rapidity,  the  air-passages  both 
of  the  part  originally  affected  and  of  remoter  parts  becoming  studded 
with  white  marrowy  nodes  and  nodules.  The  disease  ultimately  attacks 
the  interlobular  lymphatics  and  the  lymphatic  glands.  In  a  third  form 
of  carcinoma  large  solitary  nodes  appear,  of  which  we  cannot  say  whether 
they  start  in  the  bronchioles  or  in  the  alveoli.  They  enlarge  by  the 
continual  invasion  and  filling  up  of  the  alveoli  at  their  borders  with  the 
cancerous  epithelial  growth.  They  also  may  invade  the  lymphatics 
and  then  extend  in  the  same  way  as  the  second  form.  Chiari  has 
described  a  nodular  adenoma  of  the  mucous  glands  in  the  bronchial 
mucous  membrane. 

KoKiTAifSKT,  Morgan,  Rikdfleisch,  and  others  have  described 
cases  of  fibroma,  in  which  nodules  from  the  size  of  a  hemp-seed  to  that 
of  a  hazel-nut  were  formed  in  large  numbers  around  the  bronchi. 
Osteoma  also  occurs  in  the  form  of  irregularly-shaped  structures  with 
jagged  processes,  and  of  rounded  nodules  of  the  size  of  a  pea;  small 
globular  chondrolipomata  (Eokitanskt,  Chiari),  and  encliondromata 
starting  from  the  bronchial  cartilages,  have  also  been  met  with. 

Of  secondary  growths  examples  of  each  kind  that  forms  metastases 
at  all  have  been  found  in  the  lungs.  When  the  tumor-cells  reach  the 
lung  as  emboli  they  usually  produce  rounded  nodules  having  the  char- 
acters of  the  parent-tumor.  These  start  from  the  embolized  blood- 
vessels, and  grow  by  radial  extension  or  concentric  accretion,  partly 
invading  and  partly  compressing  the  pulmonary  tissue.  The  lymphatics 
may  likewise  be  invaded  by  the  growth,  which  then  advances  by  this 
channel.  When  the  tumor-cells  originally  reach  the  lung  or  pleura  by 
the  lymphatics,  nodules  of  various  sizes  appear  along  the  course  of  the 
latter.  In  the  case  of  cancer  the  diffusion  is  often  remarkably  uniform, 
SO  that  the  lymphatics  of  a  large  portion  or  the  whole  of  the  lung  are 
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distended  with  white  marrow-like  masfees.  On  section  such  a  lung 
exhibits  a  number  of  close-set  whitish  or  reddish  nodes  along  the  course 
of  the  bronchi  or  interlobular  septa. 

The  neoplastic  growth  often  sets  up  inflammations  especially  of  the 
pleura,  and  these  not  infrequently  are  hsemorrhagic  in  character. 

Primary  carcinoma  of  the  lung:— Rokitansky,  Path.  Anat.  iv. ;  Eberth, 
Virch.  Arch.  vol.  49;  Langhans,  ibid.  vol.  58;  Perls,  ibid.  vol.  56;  Weichsel- 
BAUM,  ibid.  vol.  85;  Schottklius,  Ein  Fall  v.  prim.  Limgenkrebs  In.  Diss.  Wiirz- 
burg  1875;  Fenley  and  Parker,  Med.  ehir.  Trans.  LX.  (1877);  Stilling,  Virch. 
Arch.  vol.  83:  Reinhardt,  Arch.  d.  Heilk.  ix.  (1878);  Chiari,  Prag.  med.  Woch. 
1883;  Beck,  Zeitschr.  f.  Heilk.  v.  1884. 

Connective-tissue  tumors  of  the  lung:— Rokitansky,  Path.  Anat.  iv.;  Morgan, 
Trans.  Path.  Soe.  1871;  Virchow,  Krankh.  Geschwulste  ii. ;  Forster,  Firc/i.  Arch. 
vol.  13;  RiNDFLEiscH,  ibid.  vol.  81;  Hesse  and  E.  Wagner,  A7'ch.  d.  Heilk.  xix.; 
Harting  and  Hesse,  Eulenburg's  Vierteljahrsschr.  xxx.,  xxxi.;  Chiari,  loc.  cit.; 
RiBBERT,  Virch.  Arch.  vol.  102  (lymphoma);  Cohn,  ibid.  vol.  101  (osteoma). 

Hesse  and  Wagner  state  that  the  Schneeberg  miners  frequently  suffer  from 
peculiar  tumors  in  the  lung,  which  Wagner  describes  as  lymphosarcomata. 
CoHNHEiM  (^ZZgrem.  Pathol,  i.)  suspects  that  they  are  due  to  some  form  of  infective 
granuloma. 

620.  The  animal  parasites  infesting  the  bronchi  and  the  lungs  are 
not  numerous.  The  most  important  is  EcJiinococcus,  which  may  form 
hydatid  cysts  of  considerable  size,  with  or  without  daughter-cysts.  Cys- 
ticercus  cellulosm  is  rare.  8trongylus  longevaglnatus,  a  cylindrical  worm 
15-26  mm.  long,  has  once  been  found  in  a  boy's  lung,  and  Orth  discov- 
ered a  calcified  Pentastoma  denticulatum  (Art.  225).  Ka^jstenberg  has 
in  several  cases  of  gangrene  of  the  lung  discovered  Monas  lens  and  Ger- 
comonas  (Art.  250),  two  flagellate  infusorians,  among  the  shreds  of 
lung-tissue  in  the  sputa.  In  the  resting  state  they  look  not  unlike  white 
blood-corpuscles. 

Of  vegetable  parasites  in  the  lungs  the  most  noteworthy  are  the 
numerous  varieties  of  bacteria.  Some  of  these,  such  as  the  bacilli  of 
tuberculosis  and  of  glanders,  and  the  micrococcus  of  pneumonia,  give  rise 
to  specific  inflammations.  Others  again,  such  as  those  which  inhabit  the 
mouth,  may  possibly  give  rise  to  non-specific  inflammations  of  various 
intensity  when  aspirated  into  the  air-passages. 

Gangrenous  portions  of  the  lung  contain  micrococci,  bacilli,  and 
spirilla.  Some  of  these  have  probably  much  to  do  with  the  gangrenous 
decomposition,  others  probably  settle  only  in  the  already  disintegrated 
tissue. 

In  tuberculous  cavities,  disintegrating  hsemorrhagic  patches,  croupous 
exudations  within  the  bronchi  and  trachea,  etc.  we  occasionally  meet 
with  a  micrococcus  which  subdivides  like  Sccrcina  into  tetrads,  and  has 
accordingly  been  regarded  as  a  minute  variety  of  that  species  (Heimer). 
It  usually  occurs  at  the  same  time  also  in  the  pharynx  and  larynx,  and 
has  probably  no   causal  connection  with  the  respective  diseases  in  ques- 
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tion.     It  is  liowever  not  iini)Ossiblu  lliut  it  miiy  Iiuve  tlie  j)owcr  of  setting 
up  inflummjitioii  wliere  it  settles. 

Of  the  lihimentous  fungi  or  hyphoniyoetes  wo  find  in  the  lung  the 
bovine  Actinomyces,  and  various  forms  of  Aspergillus  and  Mucor.  'Vh-.t 
former  is  the  only  one  that  possesses  any  great  pathological  impor 
tancc:  the  others,  with  Oidnm,  settle  only  in  decomposing  lung-tissue, 
stagnating  secretions,  or  hajmorrhagic  indltrations.  The  above-named 
mould-fungi  now  and  then  proceed  to  the  stage  of  fructification  within 
the  lung. 

Rpferences  on  fungi  in  the  lung  or  pneumonomycosis  : — Virchow,  Froriep's 
Notizen  184G,  Virch.  Ardi.  vols.  9,  10;  Friedijeich,  ibid.  vol.  30;  Cohnheim,  ibid. 
vol.  33;  Bristowe,  Trans.  Path.  Sue.  1854;  Munk,  Cent.  f.  vied.  Wiss.  1864; 
Heimer,  Ueher  Paeuinonoinycosis  sarcinica  In.  Diss.  Munich  1877;  NaUWERCK, 
Corresp.  f.  Schweiz.  Aerzte  xi.  (1881);  Friedreich,  von  Dusch,  and  Fagen- 
stecher,  Virch.  Arch.  vols.  10,  11;  P.  Furbringer.  i6td.  vol.66;  Rosenstein, 
Berl.  Jdin.  Woch.  1867;  Lichtheim,  ibid.  1883;  Bollinger,  Zuv  Aetiol.  d.  Infec- 
tionskrankheiten 'Munich  1881;  Aufrecht,  Path.  Mittheil.  ii.  1883;  Kanxenberq, 
Virch.  Arch.  vol.  75,  Zeitschr.f.  Jdin.  Med.  i.  1880. 

According  to  Baelz  {Cent.  f.  vied.  Wiss.  39,  1880)  a  peculiar  parasitic  disease 
of  the  lung  {gregarinosis  pidmoniim)  is  very  common  in  Japan.  Patients  affected 
with  it  spit  blood  for  a  number  of  years,  and  their  lungs  contain  encysted 
brownish-yellow  ovoid  Psorospermia  and  clear  or  pale-yellow  non-encysted 
granular  round  or  ovoid  Coccidia  (Art.  250),  The  affection  is  also  met  with  in 
Formosa,  and  according  to  Manson  is  due  to  the  presence  in  the  lung  of  Distoma 
ringeri,  of  which  Baelz's  Psorospermia  are  said  to  be  merely  the  ova  (Med. 
Times  and  Gaz.  2,  1881,  and  2,  1883,  Brit.  Med.  Journ.  2,  1882). 


CHAPTER    LXXXIX. 

THE  THYROID  GLAND. 

631.  The  thyroid  gland  is  developed  from  a  vesicular  diverticulum 
of  the  throat-cavity,  which  afterwards  becomes  detached;  its  epithelium 
proliferates  and  grows  into  the  surrounding  fibrous  tissue  as  cords  and 
masses  of  cells,  which  form  the  primitive  gland-tubes  and  follicles. 
Cavernous  blood-vessels  penetrate  among  these  cell-masses  and  divide  up 
the  rudimentary  gland  into  groups  of  cells  of  various  sizes.  These  ves- 
sels are  then  differentiated  into  arteries,  capillaries,  and  veins  of  ordinary 
dimensions,  in  the  meshes  of  which  the  mature  glandular  structures 
make  their  appearance.  These  consist  of  rounded  masses  and  cords  of 
cells,  forming  follicles  which  at  or  soon  after  birth  exhibit  a  central 
lumen  distended  with  secretion  or  containing  a  little  granular  detritus. 
The  cells  surrounding  the  lumen  are  cubical  or  cylindrical  and  are 
seated  directly  on  the  blood-vessels.  Between  the  follicles  lie  a  number 
of  what  we  may  call  unutilized  epithelial  cells;  in  the  later  stages  of 
growth  these  may  be  fashioned  into  new  follicles.  Papillary  overgrowth 
of  the  epithelium  may  also  lead  to  the  subdivision  of  an  old  follicle  into 
two  or  more  new  ones. 

In  the  fully-developed  gland  we  can  distinguish  a  cortical  and  a 
medullary  substance:  the  latter  contains  radially  disposed  follicles  and 
gland-tubes,  the  former  masses  and  cords  of  cells  concentrically  arranged. 
In  later  life  some  of  the  glandular  follicles  contain  colloid  matter  (Fig. 
242  c). 

In  old  age  the  substance  of  the  gland  undergoes  more  or  less  marked 
atrophy,  the  follicles  shrinking  to  clusters  of  small  cells  or  disappearing 
altogether,  and  the  fibrous  stroma  becoming  homogeneous  and  indurated, 
and  at  the  same  time  increased  in  relative  amount. 

The  adult  thyroid  consists  of  two  lateral  lobes  and  an  isthmus  uniting 
the  two  across  the  front  of  the  trachea.  The  vertical  diameter  of  a 
lateral  lobe  is  5-7  cm.,  the  breadth  3-4  cm.;  the  width  of  the  isthmus 
varies  from  4  to  20  mm.  Very  frequently  there  is  a  middle  lobe  or 
pyramid,  which  rises  from  the  isthmus  and  grows  upward. 

Absence  of  the  thyroid  is  rare.  More  common  anomalies  are — 
abnormal  smallness  or  absence  of  a  lobe  or  of  the  isthmus,  abnormal 
largeness,  multiple  lobes,  and  accessory  glandular  masses  separate  from 
the  main  mass  and  connected  with  the  hyoid,  the  deeper  parts  of  the 
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trachea,  the  supraclavicular  f  ossa3,  the  interior  of  the  larynx  (P.  Bruns), 
the  aorta,  or  the  posterior  wall  of  the  pharynx.  In  very  rare  instances 
the  isthmus  is  found  to  pass  between  the  trachea  and  the  oesophagus. 

The  most  importrint  of  the  morbid  changes  to  which  the  thyroid  is 
liable  are  those  forms  of  enlargement  of  the  whole  gland  or  of  particular 
parts  of  it  included  under  the  general  term  goitre,  bronchocele  or  thy- 
reocele  {struma). 

The  gland  may  be  enlarged  from  birth  and  constitute  a  congenital 
goitre.  The  enlargement  may  be  due  to  over-distention  or  telangiectatic 
dilatation  of  the  vessels,  to  hypertrophy  of  the  gland-tissue,  to  prema- 
ture and  excessive  colloid  deposit,  to  increase  of  the  fibrous  stroma,  or 
to  adenomatous  growth.  The  hypersemic  enlargement  is  of  course 
transient,  but  the  other  varieties  persist. 

In  later  life  also  the  thyroid  may  be  enlarged  by  hyperaemic  dis- 
tention, constituting  vascular  goitre.  The  condition  is  not  usually 
lasting,  though  it  may  become  chronic. 


ff^  ^« __ 

Fig.  242.    Goitbb  pab.tly  hypertrophic  And  partly  colloid. 
{Alum-hcematoxylin  staining  :     X  60.) 
a,  follicles  filled  wifch.  cells  d,  capillaries 

6,  empty  follicle  e,  stroma  ^nth  arteriole 

c,  colloid  masses 

A  second  form  named  hypertrophic  goitre  is  due  to  multiplication 
and  enlargement  of  the  normal  cell-masses  (Fig.  242  a)  and  follicles  (b), 
or  to  increase  of  the  normal  colloid  contents  (c).  In  the  first  case  we 
have  parenchymatous  or  follicular  or  granular  goitre,  in  the  second 
case  colloid  or  gelatinous  goitre. 

The  new  follicles  arise  (Wolfler)  from  unutilized  glandular  cells, 
either  by  direct  multiplication  and  grouping  into  orderly  masses,  or  by 
endogenous  multiplication  of  individual  cells.  The  new  follicles  are 
separated  from  each  other  by  fibrous  tissue  and  blood-vessels.  Pure 
hypertrophy  of  the  thyroid  is  however  not  very  common.  It  may  be 
general  or  localized,  and  may  exist  from  birth. 

Adenoma  of  the  thyroid  is  an  epithelial  new  growth  occurring  in  the 
form  of  isolated  nodules,  or  diffused  over  one  or  both  lobes.     It  consists 
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of  vascular  non-typical  gland-like  tissue,  which  persists  in  this  form  or 
is  transformed  more  into  the  likeness  of  the  normal  gland-tissue. 
WoLFLER  distinguishes  four  varieties — the  foetal,  the  gelatinous,  the 
myxomatous,  and  the  columnar-celled.  These  adenomata  occasionally 
recur  after  excision,  and  are  not  easily  distinguished  from  carcinomata. 
Foetal  adenoma  arises  from  some  rudiment  of  embryonic  tissue, 
though  its  growth  may  not  be  apparent  till  puberty  or  pregnancv:  it 
occurs  in  nodes  from  the  size  of  a  pin's  head  to  that  of  the  list.  Its  tint 
is  pale-yellow,  dark-red,  or  brownish-black,  according  as  it  is  less  or 
more  vascular. 

The  nodes  grow  in  much  the  same  way  as  the  gland  originally  devel- 
ops; the  smallest  nodules  accordingly  consist  of  proliferous  masses  of 
round  or  oval  not  very  sharply-defined  cells,  interspersed  with  dilated 
and  varicose  vessels.  By  degrees  these  vessels  are  differentiated  into 
narrow  capillaries  and  wider  trunks,  and  then  again  assume  gradually 
the  typical  configuration  of  the  vascular  system  of  the  gland,  while  the 
proliferous  epithelial  cells  become  arranged  in  groups  and  follicles. 

The  nodes  do  not  however  reach  this  degree  of  development,  but 
remain  in  various  intermediate  stages. 

Adenomata,  both  small  and  large,  which  are  traversed  by  numerous 
cavernous  vessels,  and  so  have  a  dark-red  tint,  are  very  liable  to  internal 
hsemorrhages.  The  glandular  follicles  within  an  area  of  extravasation 
not  infrequently  dilate  into  ramifying  channels,  which  by  and  by  are 
constricted  off  into  vesicular  cavities.  Large  extravasations  are  some- 
times transformed  into  hyaline  masses  which  afterwards  becomes  vas- 
cularized and  traversed  by  bands  and  cords  of  proliferous  glandular 
cells.  In  other  instances  scar-like  or  homogeneous  cicatricial  tissue  is 
formed,  and  contains  here  and  there  dilated  blood-vessels. 

Gelatinous  adenoma  is  a  tumor,  nodulated,  tuberous,  or  smooth, 
occupying  the  whole  gland  or  a  single  lobe,  and  on  section  appearing  of 
a  fairly  uniform  jelly-like  consistence.  The  scanty  stroma  of  the  gland 
is  in  fact  pervaded  and  distended  by  variously-sized  lumps  of  colloid  sub- 
stance. 

The  growth  starts  in  the  granular  cells  which  lie  between  the  true 
follicles.  As  these  cells  multiply  they  give  rise  to  new  follicles  or  acini 
which  secrete  the  colloid  matter.  These  growths  indeed  are  related  on 
the  one  hand  to  the  simple  hypertrophies,  on  the  other  to  medullary  car- 
cinoma. WoLFLER  distinguishes  two  varieties  of  gelatinous  adenoma — 
jnteracinous  adenoma,  and  cyst-adenoma.  Interacinous  adenoma,  as 
i'c  may  briefly  be  called,  is  the  commonest  form  of  goitre  and  the  largest. 
It  consists  essentially  of  gland-like  vesicles  or  cysts  filled  with  colloid 
substance  and  lined  with  cubical  or  spherical  epithelial  cells.  Between 
the  fully-formed  vesicles  lie  rudimental  cell-masses  and  follicles  in  pro- 
cess of  development.  The  epithelial  cells  of  the  older  vesicles  may 
multiply  to  such  an  extent  as  to  fill  them  up  {adenoma  interacinosuni 
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proliferanfi),  Intoracinoufi  adenoma  may  co-oxist  with  tho  fmtal  form. 
Cystadeiionia  is  cliaracterized  by  the  formation  of  cysts  varying  in  size 
from  that  of  a  lentil  to  that  of  a  goose's  egg.  Tl^e  proliferous  cells 
which  tliese  cysts  contain  undergo  fatty  and  colloid  degeneration.  The 
intercystic  vessels  and  fibrous  tissue  become  atrophied.  In  some  parts\ 
the  intcracinous  cell-groups  grow  and  break  into  the  cysts,  and  there 
undergo  colloid  change:  or  they  may  simply  push  the  cyst-epithelium 
before  them,  and  the  papillary  ingrowths  thus  formed  tend  to  become  cov- 
ered with  cylindrical  cells.  New  cysts  are  sometimes  formed  in  the  sub- 
stance of  these  ingrowths,  and  thus  the  original  cysts  may  become  filled 
with  minor  cysts.  Nodes  containing  cysts  and  ingrowths  of  this  kind 
are  described  as  proliferous  cystadenomata,  and  occasionally  lead  to  the 
formation  of  enormous  goitres  in  which  the  whole  of  the  thyroid  is 
included.  In  the  human  subject  however  they  are  not  common:  in  the 
monkey  and  the  dog  these  formations  occur  in  tlie  normal  gland.  The 
neoplasm  is  usually  most  characteristically  developed  in  the  central 
parts  of  the  goitre;  the  periphery  consists  mainly  of  non-excavated  fol- 
licles and  cell-masses.  The  intercystic  stroma  is  frequently  fibromyxo- 
matous,  or  consists  of  hyaline  tissue  resulting  from  haemorrhagic  infiltra- 
tion. The  colloid  substance  is  formed  only  in  small  quantity  by  the 
cylindrical  epithelium  of  the  papillary  ingrowths.  Sometimes  the 
glandular  follicles  and  vesicles  become  calcified,  their  epithelium  under- 
going fatty  degeneration. 

Myxomatous  adenoma  (follicular  and  tubular)  occurs  both  in  young 
and  in  old  patients:  it  takes  the  form  of  soft  nodose  growths  of  various 
sizes  and  often  highly  vascular.  The  neoplasm  consists  of  a  hyaline 
structureless  or  faintly  striated  matrix,  occasionally  in  part  calcified, 
interspersed  with  solid  globular  cell-masses,  follicles,  and  cords  of  cells 
of  various  forms.     Normal  follicles  are  as  a  rule  conspicuously  absent. 

The  myxomatous  condition  is  secondary,  being  a  transformation  of  a 
fcetal  or  interacinous  adenoma.  The  transformation  is  due  to  hasmor- 
rhagic  infiltrations  of  the  tumor-tissue  such  as  are  known  to  occur  at 
puberty,  during  the  catamenia,  and  during  pregnancy.  The  infiltrated 
area  assumes  a  hyaline  appearance,  or  if  it  is  partially  vascularized  it 
becomes  more  fibrous  and  ultimately  fatty  and  calcareous:  if  the  vascu- 
larization is  more  complete  the  glandular  cells  multiply  and  the  growth 
is  pervaded  with  new-formed  cell- masses  and  tubules. 

Columnar-celled  adenoma  is  characterized  by  the  presence  in  it  of 
vesicles  or  acini  lined  with  tall  columnar  epithelium,  and  traversed  by 
irregular  solid  cords  and  bands  made  up  of  the  same  kind  of  cells.  The 
new  growth  is  distinguished  from  mere  hypertrophy  of  the  follicles  that 
are  lined  with  columnar  epithelium  in  the  normal  gland  by  the  presence 
of  glandular  tubules  of  the  embryonic  type.  According  to  Wolfler 
this  form  is  very  rare. 

Goitre  is  dangerous    to  the  patient    afflicted   with   it  chiefly  from 
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the  pressure  it  may  exert  on  the  trachea,  the  oesophagus,  or  the  large 
vessels  of  the  neck.  The  trachea  is  compressed  when  the  goitre  grows 
down  heneath  the  sternum,  or  when  it  reaches  a  very  large  size  and 
surrounds  the  trachea  and  oesophagus  or  pushes  them  to  one  side.  The 
continuous  pressure  sometimes  causes  atrophy  of  the  tracheal  cartilages, 
and  the  tumor  then  protrudes  into  the  air-passage.  Accessory  thyroid 
glands  may  become  goitrous  like  the  principal  mass. 

References  : — Ecker,  Zeitschr.  f.  rat.  vied.  vi.  1847;  Lebert,  Die  Krankh.  d. 
Schilddruse  Breslau  1862;  Friedreich,  Virchow's  Handb.  d.  spec.  Path.  v.  1858; 
ROKITANSKY,  Anat.  d.  Kropfes  Vienna  1849;  Davies,  Trans.  Path.  Soc.  1849; 
ViRCHOW,  Krankh.  Oeschwillste  in. ;  LtJCKE,  Pitha  u.  Billroth' s  Handb.  d.  Chtr, 
III.  1875;  Demme,  GerhardVs  Handb.  d.  Kinderkr.  iii.;  Stromeyer,  Arch,  f.phys. 
Heilk.  IX.  (1850)  Guillot,  Arch,  generales  1860;  Parsons,  Med.  Times  and  Gaz.  3, 
1862;  KoNia,  Arch.  f.  Heilk.  1865;  Geuzmer,  Virch.  Arch.  vol.  74;  Lucke,  D. 
Zeitschr.  f.  Chir.  vil.;  Kaufmann,  ibid,  xviii.;  W.  MiJLLER,  Jena.  Zeitschr.  f. 
Med.  VI.  1871;  Cohnheim,  Virch.  Arch.  vol.  68;  Buob,  Du  goitre  congen.  Strasburg 
1867;  Hecker,  Monatsschr.  f.  Geburtskunde  xxxi.  1868;  Spiegelberg,  Wurz- 
burg.  med.  Zeitschr.  1884;  Niepce,  Traite  du  goitre  Paris  1851;  Luton,  Art.  Goitre. 
Nouv.  diet,  de  med.  xvi.  1872;  Berger.  Arch,  de  med.  1874:  Hildebrand,  Art. 
Struma,  Eidenburg' s  Real-encyclop.;  Wolfler,  Ueb.  d.  Entwickelung  u.  d.  Bau 
d.  Schildch^iXse  Yienna  1880  and  Entwick.  und  Bau  d.  Kropfes,  Langenbeck's  Arch. 
XXIX.  1883;  Madelung  (accessory  thyroids)  ibid,  xxiv.;  Leitz,  ibid.  xxix. ; 
Gore,  Fortschr,  d.  Med.,  i.  1883;  Gutknecht,  Virch.  Arch.  vol.  99;  Streckeisen, 
ibid.  vol.  103. 

The  account  in  the  text  is  based  chiefly  on  the  recent  admirable  researches  of 
Wolfler:  without  agreeing  with  him  in  all  details  we  think  his  work  the  best 
that  has  yet  appeared  on  the  structure  and  genesis  of  goitre. 

632,  The  adenomata  described  in  the  last  Article  do  not  in  general 
extend  beyond  the  limits  of  the  thyroid  gland,  and  are  therefore  to  be 
classed  with  the  innocent  or  non-malignant  growths.  Varieties  of  pro- 
liferous cystadenoma  and  follicular  adenoma  do  however  occur,  which 
are  characterized  by  their  vascularity,  their  highly  cellular  nature,  and 
their  rapid  growth;  and  these  are  apt  to  recur  after  excision.  Other 
varieties  depart  more  or  less  from  the  adenomatous  type,  approaching 
that  of  carcinoma,  and  these  may  form  metastases. 

These  transitional  varieties  are  best  described  as  malignant  adeno- 
mata (Wolfler).  They  have  in  parts  a  grayish-white  medullary  or 
encephaloid  appearance,  and  contain  amid  structures  unmistakably 
adenomatous  patches  exactly  resembling  carcinomatous  tissue.  This  is 
the  case  even  when  the  metastatic  growths  have  a  structure  almost 
exactly  corresponding  to  that  of  the  normal  thyroid  gland.  In  consider- 
ing the  statement  of  Cohnheim  and  Heschl — that  normal  thyroid 
hypertrophies  and  apparently  innocent  adenomata  may  give  rise  to 
metastases — we  must  therefore  bear  in  mind  also  that  malignant  adenoma 
and  carcinoma  are  occasionally  accompanied  by  metastatic  growths  whose 
structure  closely  resembles  that  of  non-malignant  adenomatous  tissue. 
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Even  in  the  parent-tumor  in  the  latter  case  we  at  times  find  structnrea 
very  similar  to  normal  thyroid  acini  with  a  lumen  and  a  regular  epithe- 
lial lining. 

Carcinoma  of  the  thyroid  occurs  in  regions  where  goitre  is  endemic, 
and  usually  develops  in  an  existing  goitrous  growth.  As  a  rule  it  is  soft 
and  medullary,  forming  nodose  tumors  from  the  size  of  a  hen's  egg  to 
that  of  a  child's  head,  and  seated  in  one  of  the  lobes  of  the  gland.  It  is 
usually  surrounded  by  normal  gland-tissue  or  adenomatous  tissue. 
Rarely  is  the  whole  gland  transformed  to  cancer-tissue.  Secondary 
growths,  and  irruptions  into  the  trachea  or  larynx,  are  common;  but 
both  are  often  absent  for  a  long  space  of  time,  the  tough  cortical  sub- 
stance of  the  gland  offering  considerable  resistance  to  the  advancing 
growth. 

WoLFLER  distinguishes  three  forms  of  carcinoma — alveolar,  columnar- 
celled,  and  squamous-celled.  Alveolar  carcinoma  is  the  commonest, 
and  occurs  as  grayish  nodes  surrounded  by  fibrous  tissue  and  seated  in 
the  parenchyma  of  the  gland,  or  as  a  uniform  medullary  infiltration  of 
the  goitrous  tissue.  The  proliferous  epithelial  cells  are  usually  rounded 
or  oval,  or  sometimes  polymorphous;  they  form  globular  or  elongated 
masses  or  nests  separated  by  fibrous  bands  of  varying  thickness.  Be- 
tween the  nests  we  frequently  find  persistent  remnants  of  normal  follicles. 
The  development  of  the  growth  begins  in  the  epithelial  cells  which  lie 
*  unutilized  '  or  form  compact  masses  between  the  gland-follicles.  The 
lining  epithelium  of  the  follicles  takes  no  part  in  the  development  of  the 
cancer,  which  thus  in  its  mode  of  growth  recalls  the  gelatinous  adenoma 
in  which  it  often  originates:  it  is  indeed  distinguishable  from  the  latter 
only  by  the  fact  that  no  trace  of  reversion  to  any  glandular  type  appears 
in  it.  The  old  gland-follicles  often  persist  for  a  long  time  amid  the 
advancing  growth,  but  are  ultimately  encroached  on  or  filled  up  by  the 
new-formed  canoer-cells.  Columnar-celled  carcinoma  corresponds  in 
structure  to  the  columnar-celled  parts  of  the  normal  gland  and  to 
columnar-celled  adenoma.  It  takes  the  form  of  nodes  Avhose  cut 
surface  is  white  or  grayish-red.  The  neoplastic  tissue  is  characterized 
by  the  presence  in  it  of  solid  cords  of  cells,  and  of  tubules  and  follicles 
clothed  with  cylindrical  epithelium  and  containing  papillary  ingrowths 
exactly  resembling  those  of  papillary  cyst-adenoma.  "Wolflee  regards 
this  form  also  as  originating  in  the  interacinous  epithelial  cells.  Squa- 
mous-celled  carcinoma  is  a  rare  form  (Porster,  Eppixger,  Lucke, 
Kaufmann,  Braun).  As  there  is  normally  no  squamous  epithelium  in 
the  thyroid  it  is  not  improbable  that,  in  cases  where  the  growth  does  not 
start  from  the  oesophagus,  it  is  due  to  the  morbid  development  of  em- 
bryonic epithelial  cells  accidentally  enclosed  in  the  gland  on  the  closure 
of  the  branchial  clefts. 

Of  the  connective-tissue  tumors  of  the  thyroid  sarcoma  is  the 
commonest,  and  usually  originates  in  an  already-existing  goitre.     Both 
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round -celled  and  spindle-celled  sarcoma  are  described,  and  Wolfler 
adds  to  the  list  of  forms — giant-celled  sarcoma,  angiosarcoma,  and  alve- 
olar sarcoma.  They  form  irregular  nodulated  tumors  extending  over  a 
part  or  the  whole  of  a  single  lobe,  seldom  over  the  entire  gland.  The 
cut  surface  is  generally  smooth,  though  the  tumor  is  usually  more  or  less 
lobulated  by  the  bands  of  firm  fibrous  tissue  which  traverse  it. "  The  tint 
is  white  or  grayish,  pink,  reddish-brown,  or  dark-brown,  according  to 
the  amount  of  blood  present.  The  latter  tint  prevails  where  there  are 
cavernous  blood-vessels  with  hsemorrhagic  infiltrations.  The  tumor  is 
more  or  less  firm  according  as  it  is  fibrous  or  cellular:  the  round-celled 
form  is  the  softest.  The  acini  surrounded  by  neoplastic  tissue  often 
survive  a  long  time.  Tumors  are  described  in  which  muscle- fibres  ap- 
peared to  be  included.  Secondary  growths  are  set  up  in  consequence 
of  invasion  of  the  lymphatics  or  blood-vessels.  Sarcoma  occurs  in 
patients  of  all  ages. 

Wolfler  describes  a  case  of  fibroma  in  a  man  of  56;  it  took  the 
form  of  multiple  hard  nodes  of  about  the  size  of  a  walnut. 

Carcinoma  and  sarcoma  of  the  thyroid  are  often  included  under  the 
term  malignant  goitre  {struma  maligna). 

References: — Virchow,  op.  cit.  ;  Eberth,  Virch.  Arch.  vol.  55;  Eppinger, 
Prager  Viertelj.  1875;  Kochee,  D.  Zeitschr.  f.  Chir.  iv. ;  Kaufmann,  ibid,  xi., 
XIV.;  LtJCKE,  Arch.  f.  klin.  Chir.  vni. ;  Rose,  ibid,  xxni.,  W.  Muller,  Jena. 
Zeitschr.  f.  Med.  vi.  1871;  von  Winiwarter,  Beitr.  z.  Statistik  d.  Carcinome 
Stuttgart  1878;  Cornil,  Arch,  de  physiol.  1875;  Payne,  Trans.  Path.  Soc.  xxii. 
1871;  Demme,  Jahresber.  d.  Berner  Kinderspitals  1879  and  GerhardVs,  Handb  d. 
KinderJcr.  iii.;  Griffini,  Arch,  per  le  scienze  med.  iv.  1880;  Pinner,  D.  Zeitschr. 
f.  Chir.  XVII.  1882;  Braun,  LangenbecWs  Arch,  xxviii.;  E.  Neumann,  ibid. 
xxiii.;  BiRCHER.  Savimlung  klin.  Vortrage  233;  Heath,  Med.  Times  1879; 
Huguenin,  Arch.  d.  Heilk.  xv.  1874;  Wolfler,  loc.  cit. ;  Haward,  Trans.  Path. 
Soc.  xxxiii.  1883. 

623.  In  all  forms  of  goitre  certain  retrogressive  changes  are  apt  to 
take  place,  and  these  to  a  greater  or  less  extent  alter  the  appearance  of 
the  growth. 

Haemorrhages  are  common,  either  in  the  form  of  small  ecchymoses 
or  of  large  extravasations  extending  over  the  greater  part  of  the  tumor 
and  giving  it  a  dark-brown  tint.  They  sometimes  constitute  a  large 
portion  of  its  bulk,  and  when  they  occur  within  thin-walled  cysts  may 
lead  to  their  rupture.  These  extravasations  also  lead  to  wide-spread  dis- 
integration and  necrosis  of  the  tissue  of  the  tumor,  forming  foci  of  brown 
or  yellow  softening  which  ultimately  take  the  form  of  cysts.  As  we 
mentioned  in  Art.  621  small  extravasations  may  be  followed  by  prolifera- 
tion of  the  glandular  parenchyma  and  formations  of  hyaline  or  fibrous 
tissue.  If  the  fibrous  overgrowth  be  marked  indurations  and  cicatrices 
result,  and  these  sometimes  become  in  course  of  time  calcified. 

When  the  goitrous  tissue   disintegrates  in  consequence  of  haemor- 
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rhagic  infiltration  fatty  clianiL^e  often  sots  in  round  about  tlie  affected 
area,  and  oil-globules  mingle  with  the  necrotic  detritus  and  disintegrated 
blood-cells;  when  the  fatty  change  is  marked  this  may  give  the  pulpy 
contents  of  the  softened  [)atch  a  creamy  or  yellowish-white  color.  The 
tissue  enclosing  the  patch  is  usually  more  or  less  inflamed,  and  as  the 
detritus  is  gradually  absorbed  a  cyst-wall  of  indurated  fibrous  tissue  is 
developed. 

Haemorrhage,  necrosis,  and  fatty  degeneration  of  this  kind,  together 
with  the  inflammatory  changes  that  accompany  these,  are  the  common- 
est causes  of  the  fibroid  degeneration  and  induration  so  frequently  met 
with  in  goitres.  When  these  changes  affect  the  central  parts  they  give 
rise  to  large  white  radiating  cicatrices.  Where  haemorrhages  have  been 
frequent  a  more  diffuse  induration  is  set  up,  which  is  then  apt  to  spread 
over  the  whole  tumor  and  cause  the  degeneration  and  atrophy  of  the 
glandular  elements.  The  new-formed  fibrous  tissue  is  usually  white  and 
lustrous,  often  resembling  hyaline  cartilage. 

Calcareous  deposits  occur  in  the  gland-tissue  as  well  as  in  the  new- 
formed  fibrous  tissue,  and  are  first  seen  in  the  colloid  masses  contained 
in  the  acini  and  in  the  interacinous-  tissue.  In  advanced  cases  the  en- 
tire contents  of  the  acini  are  transformed  into  shining  stratified  calcare- 
ous grains.  In  the  interacinous  tissue  the  deposit  is  most  marked  where 
fibrous  hyperplasia  has  occurred,  and  it  is  consequently  by  no  means 
uncommon  to  find  the  indurated  parts  transformed  into  gritty  masses 
and  the  cysts  of  disintegration  enclosed  by  capsules  that  are  completely 
calcified.  Foester  and  Lucke  describe  cases  in  which  the  fibrous  tissue 
has  become  ossified. 

A  very  common  occurrence  in  goitrous  tumors  is  the  excessive  devel- 
opment of  colloid  substance,  especially  when  the  interacinous  vessels 
are  few  and  narrow.  The  colloid  substance  is  secreted  by  ttie  epithelium 
in  the  form  of  clear  colorless  droplets,  and  the  detached  epithelial  cells 
are  themselves  transformed  into  similar  hyaline  masses.  When  the 
secretion  is  exceptionally  abundant  the  tumor  consists  almost  entirely  of 
a  translucent  honey-like  substance  lying  in  masses  separated  only  by 
thin  fibrous  septa.  This  form  is  described  as  gelatinous  goitre  {struma 
gelatinosa).  Wolfler  describes  it  as  a  parenchymatous  atrophy  of  the 
gland,  and  regards  it  as  an  advanced  stage  of  gelatinous  adenoma:  he 
supposes  that  the  intra-acinous  elements  are  transformed  into  colloid 
substance,  while  the  interacinous  tissue  becomes  atrophied. 

So-called  multilocular  cystoma  probably  arises  in  the  same  Avay: 
the  atrophy  of  the  interacinous  tissue  and  its  vessels  goes  on  almost  to 
complete  disappearance,  and  the  follicles  thus  come  together  and  coa- 
lesce. 

When  the  secretion  of  colloid  substance  is  very  rapid  some  of  the  acini 
may  burst,  and  their  contents  pass  into  the  surrounding  tissue.  This 
tissue  is  thus  disintegrated  and  destroyed,  and  a  cyst  is  formed  contain- 
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ing  colloid  material  and  frequently  extravasated  blood.  In  other  cases 
cicatricial  tissue  is  developed.  Sometimes  an  over-distended  acinus  rup- 
tures through  the  skin  or  into  the  larynx  or  trachea. 

Amyloid  degeneration  takes  place  in  thyroid  glands  otherwise  nor- 
mal, and  also  in  goitres:  it  chiefly  aifects  the  blood-vessels.  Local  amy- 
loid deposits  are  also  met  with  in  the  form  of  lardaceous  or  waxy  nodes 
(BECKMAisrisr). 

Acute  inflammation  of  the  normal  or  goitrous  gland  (thyroiditis, 
and  acute  strumitis)  occurs  as  a  result  of  traumatic  injury,  of  septic  or 
pyaemic  infection,  after  typhoid,  diphtheria  (Brieger),  and  rheumatism; 
it  may  also  arise  idiopathically,  and  causes  more  or  less  painful  swelling 
of  the  part.  If  suppuration  takes  place  one  or  more  pus-cavities  or 
abscesses  or  even  patches  of  gangrene  result,  and  these  may  rupture  into 
surrounding  parts.  Chronic  inflammation  and  induration  are  usually  due 
to  internal  necroses:  other  forms  are  very  rare. 

Taberculosis  of  the  thyroid  gland  is  not  very  common,  though  in 
haematogenous  miliary  tuberculosis  eruptions  of  tubercle  are  met  with  in 
it;  larger  tuberculous  foci  have  also  been  described. 

Onmmata  of  the  thyroid  are  very  rarely  met  with. 

References  on  thyroiditis  and  strumitis: — Beck,  Arch.  f.  physiol.  Heilk.  1851; 
Bauchet,  Gaz.  hebd.  1857;  Martinache,  De  Vinflam.  aigue  du  corps  thyr.  Paris 
1861;  Chantreuil,  Gaz.  des.  hopitaux  1866;  Staupenmeyer,  Zeitschr.  f.  chir. 
Med.  u.  Geburtfth.  1870;  Kocher,  D.  Zeitschr.  f.  Chir.  x.;  Roellinger,  De  la 
thyr.  aigue  Paris  1877;  Bogehold,  Deut.  med.  Woch.  1880;  Puichaud,  Farts 
medical  1881;  Weigert,  Virch.  Arch.  vol.  8'i  (tuberculosis);  Chiari,  Strieker's 
med.  Jahrb.  1878  (tuberculosis);  Virchow,  op.  eit. ;  Demme,  loc.  cit. ;  Wolfler, 
op.  cit. ;  DuMOLARD,  Lyon  medical  44.  1878;  Brieger,  Charite-Annalen  viii,  1883 
(diphtheria);  CORNIL  and  Ranvier,  Man.  Path.  Hist.  i.  London  1883  (tuberculo- 
sis); Barth  and  Gombault,  Progres  medical  1884  (syphiloma). 

623  a.  The  aBtioIogy  of  goitre  is  at  present  imperfectly  understood, 
but  we  know  something  at  least  of  the  conditions  under  which  it  usually 
appears.  We  have  already  seen  (Art.  621)  that  increased  flow  of  blood 
to  the  thyroid  body,  or  obstruction  of  the  flow  from  it,  may  occasion  a 
very  marked  swelling  of  the  gland.  Such  a  swelling  is  not  always  tran- 
sient, but  sometimes  leads  to  permanent  enlargement  from  dilatation  of 
the  vessels  and  hyperplasia  of  the  gland- tissue.  Excessive  use  of  the  voice, 
blowing  of  wind-instruments,  carrying  heavy  loads,  frequent  ascending 
of  steep  hills,  frequent  sexual  excitement,  menstruation,  pregnancy, 
infective  diseases,  heart-disease,  etc.  may  all  act  in  this  direction.  A 
striking  instance  is  the  chronic  enlargement  of  the  gland  from  persistent 
congestion  in  the  peculiar  vaso-motor  disorder  known  as  Graves'  or 
Basedow's  disease  (exophthalmic  goitre);  a  disease  characterized  by 
increased  rapidity  of  the  heart's  action,  increased  pulsation  in  the  arteries 
of  the  neck  and  head,  and  protrusion  of  the  eyeballs  from  the  orbits.  If 
a  goitrous  tumor  can  be  thus  produced  it  is  natural  to  regard  it  as  due  to 
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the  increased  blood-supply  of  the  organ,  which  leads  to  increased  nutri- 
tion and  therefore  hypertrophy  of  the  gland-tissue.  Such  goitres  are 
always  found  to  be  highly  vascular. 

But  hyperaemia  alone  is  not  enough  to  account  for  all  goitres,  and 
it  fails  entirely  to  explain  the  fact  that  goitre  prevails  much  more  in 
some  regions  than  in  others.  In  certain  regions  indeed  a  large  propor- 
tion of  the  inhabitants  are  goitrous.  Moreover  it  is  observed  that 
families  hitherto  free  from  goitre  acquire  the  disease  when  they  move 
into  regions  where  it  is  common,  and  that  goitrous  patients  lose  the  dis- 
ease when  they  are  removed  to  regions  where  it  is  unknown.  These 
facts  require  us  to  assume  that  the  conditions  which  favor  goitre  are  to 
some  extent  local.  This  view  is  corroborated  by  the  fact  that  even  in 
regions  where  goitre  is  endemic  there  are  occasionally  regular  epidemics 
of  the  disease,  in  which  e.  g.  the  inmates  of  garrisons  or  of  institutions 
simultaneously  suffer  from  rapidly  growing  thyroid  tumors. 

This  endemic  and  epidemic  mode  of  occurrence  has  been  accounted 
for  in  the  most  various  ways  :  the  air,  the  soil,  the  water,  the  social 
conditions,  all  have  at  one  time  or  another  been  accused.  None  of 
these  theories  however  have  met  with  general  acceptance.  The  most 
probable  explanation  seems  to  be  that  the  local  exciting  cause  of  goitre 
is  of  a  miasmatic  nature,  independent  of  the  altitude  and  of  the  tem- 
perature of  the  region,  but  developing  only  over  certain  kinds  of  rock 
or  soil.  BiRCHER,  one  of  the  latest  writers  on  the  subject,  concludes 
from  his  minute  researches  on  the  distribution  of  goitre  in  Switzerland, 
where  the  disease  is  in  many  parts  endemic,  that  it  occurs  onlv  on 
marine  deposits  of  palaeozoic,  triassic,  or  tertiary  age;  while  eruptive 
volcanic  rocks,  the  older  crystalline  formations,  Jurassic  and  calcareous 
deposits,  and  fresh- water  deposits  generally,  are  exempt. 

The  exact  nature  of  the  miasma,  and  its  mode  of  entrance  into  the 
body,  are  as  yet  unknown.  Klebs  and  Bircher  suspect  the  existence 
of  some  specific  micro-organism,  though  they  have  not  succeeded  in  ob- 
taining any  experimental  basis  for  the  supposition.  It  will  very  prob- 
ably be  found  that  the  exciting  agent  enters  the  body  in  drinking  water. 
We  are  also  unaware  of  the  manner  in  which  the  exciting  agent  works, 
but  it  is  not  unlikely  that  it  sets  up  hypersemic  conditions  in  the  thy- 
roid. As  infants  are  sometimes  born  goitrous,  we  must  assume  that  it 
may  pass  from  mother  to  foetus  and  influence  the  latter  within  the 
womb.  Epidemics  of  goitre  in  goitrous  regions  indicate  that  at  certain 
times  the  conditions  favoring  infection  are  exceptionally  intense,  and 
cause  either  an  unusual  development  of  the  miasma  or  a  temporarily 
increased  predisposition  on  the  part  of  the  persons  affected. 

In  places  where  goitre  is  endemic,  deaf-mutes,  idiots,  and  so-called 
cretins  are   exceptionally  numerous.     Cretinism   is  a  disorder  of   de- 
velopment essentially  affecting  the  growth  of  the  bones,  but  accompanied 
also  by  morbid  changes  in  the  soft  parts.     These  forms  of  imperfect 
13 
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development  have  often  been  correlated  with  the  occarrence  of  goitre; 
and  it  has  been  suggested  that  cretinism  may  be  due  to  the  miasma 
which  induces  goitre,  the  latter  being  as  it  were  a  milder  form  of  the 
same  disorder. 

BiRCHER  formally  states  his  belief  that  endemic  goitre,  endemic 
deaf-mutism,  cretinism,  and  cretinoid  idiocy  are  all  due  to  one  and  the 
same  miasma.  Farther  research  is  required  before  this  view  can  be 
either  accepted  or  rejected.  It  has  in  its  favor  the  fact  that  cretins  and 
cretinoid  idiots  are  usually  also  goitrous,  and  that  they  are  more  numer- 
ous in  regions  where  goitre  is  endemic. 

HoESLET  [Brown  Lectures,  Brit.  Med.  Journ.  1,  1885)  has  shown 
experimental  evidence  for  the  view  that  cretinism,  as  also  the  peculiar 
cachexia  which  occasionally  follows  the  extirpation  of  a  goitre  {cachexia 
strumipriva),  and  myxoedema  are  consequences  of  arrest  of  the  func- 
tion of  the  thyroid  gland.  By  removing  the  gland  he  succeeded  in  pro- 
ducing in  monkeys  a  cretinoid  state,  characterized  by  hebetude,  malnu- 
trition, muscular  tremor,  puffy  oedema,  leucocytosis,  and  the  presence 
of  mucin  in  the  blood  and  connective  tissues.  Myxoedema  in  the  human 
subject  is  a  state  having  the  same  general  characters,  and  it  is  associated 
with  wasting  of  the  thyroid  gland  or  its  destruction  by  a  new  growth. 

References  : — ViRCHOW,  Gesammelte  Abhandl.  1856;  St.  La.ger,  Etude  sur  les 
causes  dii  cretinismeet  du  goitre  endemique  Paris  1867;  LiJCKE,  Pitha  u.  BillrotKs 
Chirurgie  in.;  Baillarger.  Eiiquete  sur  le  goitre  et  le  eretinisme  Paris  1873; 
Demme,  loc.  cit.;  Freund,  Die  Bezieh.  d.  Schilddruse  zu  d.  weibl.  Geschlechtsor- 
ganen  In.  Diss.  Strasburg  1882;  Klebs,  Stud.  iib.  d.  Verbreitung  d.  Kropfes  in 
Oesterreich  Prague  1878;  Roll,,  Spec.  Path,  und  Therap.  d.  Hausthiere  1876; 
HiRSCH,  Handb.  d.  Mstor.  geograph.  Path.  ii.  1883,  trans,  by  Creighton  (New 
Syd.  Soc.)  n.  London  1885  (with  ample  references  to  the  literature  of  the  subject); 
BiRCHER.  Der  endemische  Kropf  Basle  1883;  Kratter,  Der  alpine  Cretinismus 
Graz  1884;  Hilton  Fagge.  Prin.  andpract.  of  med.  i.  London  1886. 

On  the  cachexia  strumipriva,  surgical  and  experimental,  see  KocHEK,  Arch.  f. 
Min.  Chir.  xxix.  1888;  Reverdin  and  Schifp,  Rev.  med.  de  la  Suisse  romande 
1883-84;  Wagner,  Wiener  med.  Blatter  1881;  Sanquirico  and  Canalis,  Arch.  p. 
I.  set.  med.  viii.  1884;  Bruns,  Sammlung  Min.  Vortrage  244;  Julliard,  Revue  de 
chirurgie  1883;  Batjmgartner,  Arch.  f.  Min.  Chir.  xxxi.  1884;  Grundler,  Zur 
Cachexia  strumiprival^ubingQn  1884;  Zesas,  Dent.  Medicinalzeitung  1885;  Alber- 
toni  and  TizzoNi,  Cent.  f.  med.  Wiss.  24,  1885;  Fuhr,  Arch.  f.  exp.  Path.  xxi. 
1886  (with  a  discussion  of  the  literature). 

For  cases  of  myxoedema  see  Gull,  Trans.  Clin.  Soc.  vii.  1879;  Ord,  Med. 
chir.  Trans,  xliii.  1878,  Trans.  Clin.  Soc.  mi.  1830;  Dyce  Duckworth,  ibid.; 
Cavafy,  ibid.  xv.  1882;  Harley,  Med.  chir.  Trans,  lxvii.  1884;  Discussion,  Brit. 
Med.  Journ.  2,  1883;  White,  Lancet  1,  1885. 


CHAPTER  XC. 

THE    THYMUS    GLAND. 

633  h.  The  thymus  is  a  gland-like  body,  which  grows  to  a  consider- 
able size  in  the  foetus  and  during  the  first  two  years  of  infancy:  after 
that  however  it  ceases  to  grow,  and  about  the  tenth  year  undergoes 
retrograde  change  into  fibrous  and  adipose  tissue. 

It  lies  in  the  superior  mediastinum  behind  the  first  piece  of  the 
sternum,  extends  upwards  nearly  to  the  thyroid,  and  is  made  up  chiefly 
of  two  flat  elongated  lobes  which  are  in  contact  or  coherent  along  their 
medial  borders  and  are  enclosed  in  a  thin  connective  tissue.  The  lobes 
are  subdivided  into  lobules  by  fibrous  septa.  The  structural  units  or 
acini  closely  resemble  lymphatic  glands,  and  are  composed  of  a  loose 
reticular  or  adenoid  stroma,  filled  with  indifferent  or  lymphoid  elements 
and  larger  multinuclear  cells.  In  the  peripheral  parts  of  the  acinus  the 
stroma  is  somewhat  closer  and  more  densely  filled  with  cells  than  in  the 
centre,  and  thus  a  cortical  and  a  medullary  layer  are  distinguished. 
The  thymus  possesses  no  duct,  but  it  has  numerous  lymphatics  whose 
exact  course  is  however  only  imperfectly  undei'stood. 

Small  accessory  glands  are  not  uncommon;  they  usually  lie  above 
the  gland  and  near  the  thyroid.  Congenital  absence  of  the  gland  occurs 
only  in  highly  malformed  foetuses. 

The  weight  of  the  thymus  in  a  new-born  infant  is  about  14  grammes; 
in  a  child  of  two  it  is  about  26  grammes:  this  is  subject  however  to  con- 
siderable variation. 

According  to  Stieda,  Kolliker,  His,  and  Watn'ET,  the  thymus  de- 
velops from  the  epithelium  of  a  branchial  cleft,  and  is  thus  originally 
an  epiblastic  or  epithelial  structure.  The  epithelial  cells  however  dis- 
appear after  a  time,  and  the  development  of  the  characteristic  lymph- 
adenoid  tissue  starts  from  mesoblastic  (connective-tissue)  elements. 

The  function  and  exact  significance  of  the  thymus  is  not  certainly 
known.  Watnet,  who  has  made  it  the  subject  of  extensive  investiga- 
tion, thinks  that  it  takes  part  in  the  formation  of  red  and  white  blood- 
cells.  The  former  are  supposed  to  be  developed  in  certain  nucleated 
cells  containing  haemoglobin. 

Before  birth,  and  in  larger  numbers  during  infancy,  the  thymus  con- 
tains homogeneous  or  indistinctly-laminated  partially-calcified  bodies 
known  as  Hassall's  concentric  corpuscles.     They  lie  chiefly  in  the  centre 
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of  the  acini,  and  are  composed  of  cells  closely  applied  to  each  other  like 
the  coats  of  an  onion.  Stieda.  regards  these  as  the  remains  of  the  rudi- 
mental  epithelial  structures;  xImmani^  thinks  they  develop  from  the 
stroma-cells  or  the  perithelium  of  the  blood-vessels,  or  from  lymphoid 
elements  whose  nucleus  and  protoplasm  have  undergone  colloid  degen- 
eration. The  laminated  bodies,  calcified  and  uncalcified,  break  down 
and  disappear  during  the  retrogression  of  the  gland,  which  is  manifested 
chiefly  by  the  dwindling  and  disappearance  of  its  cells. 

Of  morbid  changes  in  the  thymus  the  commonest  is  imperfect  re- 
trogression, by  which  it  sometimes  persists  till  the  thirtieth  or  fortieth 
year. 

Hgemorrhage  into  the  gland  is  met  with  chiefly  in  asphyxia,  or  in 
connection  with  the  hsemorrhagic  diathesis  (Boucher  Bull,  de  la  soc. 
anat.  ii.  1857;  Acland,  Lancet  2,  1884  and  Trans.  Path.  Soc.  xxxvi. 
1885). 

Hsematogenous  purulent  inflammation  is  usually  due  to  pysemia 
and  may  lead  to  multiple  abscesses  or  to  general  suppuration.  Sup- 
puration affecting  the  structures  of  the  neck  is  apt  to  extend  to  the 
thymus.     Nothing  is  known  of  chronic  indurative  change  in  the  gland. 

Tuberculosis  appears  in  the  form  of  disseminated  nodules,  and  of 
large  caseous  foci. 

Gummatous  inflammatory  change  due  to  syphilis  has  been  several 
times  described. 

Primary  tumors  having  the  structure  of  soft  or  hard  lymphosar- 
coma or  of  simple  sarcoma  occur  in  connection  with  general  leuksemia 
and  also  independently.  They  appear  as  soft  and  marrowy  or  sometimes 
moderately  firm  growths,  and  at  times  reach  a  considerable  size.  They 
may  compress  the  air-passages  or  blood-vessels,  or  displace  the  heart  or 
lungs. 

References: — Kolliker,  Gewebelehre  Leipzig  1867,  and  Entwickelungsge- 
schichte  Leipzig  1879;  Affanasiew,  Arch.  f.  mikrosk.  Anat.  xiv.  (1877);  Friedle- 
BEN,  Die  Physiol.^  d.  Thymusdruse  Frankfort  1858;  His,  Zeitsch.  f.  wiss. 
Zoologiex..,  xi.,  -dnd Menschliche Embryoneni.  Leipzig  1880;  Stieda,  Unters.  ub.  d. 
gland,  thymus,  gland  thyr.  und  gland,  carotica  Leipzig  1881;  ViRCHOW, 
Virch.  Arch.  vol.  3;  Gegenbaur,  Anatomic  Leipzig  1883;  Watney,  Phil. 
Trans,  iii.  1882;  Ammann,  Beitr.  z.  Anat.  d.  Thymus  In.  Diss.  Basle  1882; 
Dubois,  Oaz.  med.  de  Paris  1850  (inflammations);  Depaul,  3Jem.  d.  I'acad. 
de.  med.  xvii.  (inflammations);  Eberth,  Virch.,  Arch.  voL  40  (gumma); 
Lancereaux,  Traite  d'anat.  path.  ii.  Paris  1881;  Virchow",  Krankhafte  Ge- 
schwulste  II.;  Wittioh,  Virch.  Arch.  vol.  8  (lymphoma);  SxEUDEiSfER,  ibid.  vol. 
59  (sarcoma);  Hahn  and  THOMAS,  4rc^.  generales  1879;  Hedenius,  Nord.  med. 
4rfciu24,  1878. 
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CHAPTER   XOI. 

STRUCTURE     AND     FUNCTIONS. 

624.  The  central  nervous  system  consists  of  the  spinal  cord,  the 
cerebral  axis,  and  the  cerebrum.     These  parts  are  made  up  of  nerve-cells 

and  nerve-fibres,  together  with  a  framework  of  connective  tissue  which 
carries  the  nutrient  vessels.  The  nerve-ceils  or  ganglion-cells  are  for 
the  most  part  aggregated  in  masses  which  are  known  as  nerve-centres  or 
gray  nuclei.  The  nerve-fibres  form  either  plexuses  or  tracts,  and  serve 
to  connect  the  ganglion-cells  of  one  group  with  those  of  another  or  with 
the  peripheral  terminations  (end-organs)  of  certain  nerves. 

The  cord  and  the  cerebral  axis  contain  centres  of  subordinate  im- 
portance, forming  as  it  were  intermediate  stations  between  the  central 
and  peripheral  extremities  of  the  nerve-tracts.  The  cerebrum  is  the 
central  terminus  with  which  the  peripheral  sensory  and  motor  end- 
organs  are  connected  either  directly  or  through  the  intermediate  stations. 

The  cerebrum  consists  of  two  hemispheres  connected  by  a  commis- 
sure, the  corpus  callosum.  The  outer  surface  of  the  hemispheres  is  thrown 
into  a  series  of  complicated  convolutions  consisting  of  ridges  and  furrows 
{gyri  and  sulci),  the  latter  ramifying  and  intercommunicating  in  a 
remarkable  way. 

Some  of  the  sulci  are  characteristic  of  the  human  brain,  and  are  al- 
ways present;  others  vary  in  different  brains,  and  thus  the  configuration 
of  the  convolutions  is  by  no  means  absolutely  constant.  The  most  im- 
portant sulci  are — the  sylvian  fissure  (Fig.  243  e),  the  central  or 
rolandian  fissure  {a),  the  praeceutral  or  transverse-frontal  furrow  {b), 
the  iotraparietal  furrow  {d),  the  first-temporal  or  parallel  furrow  (/), 
the  parieto-occipital  furrow  (c),  the  anterior-occipital  furrow  {%), 
and  the  inferior-occipital  furrow  {h). 

The  central  fissure  divides  the  cerebral  hemisphere  into  an  anterior 
and  a  posterior  portion;  the  (central)  convolutions  which  form  its 
anterior  and  posterior  borders  are  known  as  the  anterior-central  or 
ascending- frontal  {A),  and  the  posterior-central  or  ascending-parie- 
tal {B).  The  portion  of  the  hemisphere  in  front  of  the  central  fissure  is 
the  frontal  lobe,  and  includes  the  ascending-frontal  [A],  the  superior 
frontal  (CJ,  middle-frontal  (CJ,  and  inferior-frontal  {C^)  convolutions. 
The  last  three  convolutions  all  pass  round  to  the  orbital  surface  of  the 
hemisphere. 
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Immediately  behind  the  asceuding-parietal  convolution  {B),  and 
divided  from  it  by  the  intraparietal  furrow  {d),  lies  the  superior-parietal 
lobule  {D)]  the  inferior-parietal  lobule  being  made  up  of  the  marginal 
(or  supramarginal)  convolution  [E)  and  the  angular  convolution  {F). 
These  \bDEF)  constitute  the  parietal  lobe. 

The  parieto-oceipital  furrow  (c)  and  the  anterior-occipital  furrow  {i) 
separate  the  parietal  from  the  occipital  lobe  {G),  and  in  the  space  be- 
tween the  two  furrows  the  so-called  annectant  (or  connecting)  convolu- 
tions pass  over  from  the  parietal  lobe  to  the  occipital  lobe. 

The  sylvian  fissure  (e)  forms  the  boundary  between  the  outer  and 
lower  portions  of  the  frontal  and  parietal  regions  and  the  temporal 
lobe.  The  convolution  bordering  the  lower  side  of  the  fissure  is  the 
first-temporal  or  superior  temporo-sphenoidal  {H^).     The   convolution 
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as' 

Fig.  243.    Outer  suepacb  of  the  left  cerebral  hemisphere. 
(From  abrain  hardened  in  nitric  add  and  dried.) 


a,  central  or  rolandian  fissure 
6,  praecentral  furrow 

c,  parieto-oceipital  furrow 

d,  intraparietal  furrow 

e,  sylvian  fissure 

/,  first-temporal  or  parallel  furrow 
gr,  second-temporal  furrow 
7i,  inferior-occipital  furrow 
z,   anterior-occipital  furrow 


A^  ascending-frontal  convolution 
-B,  ascending-parietal  convolution 
Ci,  superior-,   C^  middle-,  C3  inferior-frontal  eon- 
volution 

D,  superior-parietal  lobule 

E,  marginal  convolutio'^  )  inferior-parietal      lob- 

F,  angular  convolution    \     ule 
G,  occipital  lobe 

jffi,  first-temporal,  H^  second-temporal,  convolu- 
tion. 


which  curves  round  the  upper  end  of  the  sylvian  fissure  is  assigned  to 
the  parietal  lobe  and  IS  called  the  marginal  convolution  (^).  Beneath 
the  first-temporal  convolution  lies  the  first-temporal  or  parallel  furrow 
(/),  and  beneath  that  the  second-temporal  convolution  {E^).  Spring- 
ing from  the  upper  part  of  the  latter  convolution  the  angular  gyrus  or 
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convolution  {F)  curves  round  the  end  of  the  lirst-temporal  furrow  (  f): 
it  also  is  assigned  to  the  parietal  lobe.  Beneatli  thu  second-tern poiul 
furrow  {g)  lies  the  third-temporal  convolution  (Fig.  244  i'^). 

If  next  the  lips  of  the  sylvian  fissure  be  separated  tiie  central  lobe 
or  island  of  Roil  becomes  visible. 

The  mediail  surface  of  tlie  superior-frontal  convolution  {mF')  has 
uo  special  name:  the  median  surface  of  the  ascending  (frontal  and 
parietal)  convolutions  that  border  the  central  fissure  is  called  the  para- 
central lobule  {Pare).  Both  are  bounded  interiorly  by  the  calloso- 
marginal  fissure  {cm),  which  anteriorly  separates  the  superior-frontal 
convolution  from  the  convolution  of  the  corpus  callosum  {gyrus fornicatus 
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Fig.  244.    Median  sdrpack  of  the  lefp  cerebral  hemisphere  {after  '8CHWALBE). 


calloso-marginal  fissure 
sulcus  of  the  corpus  callosum 
parieto-occipital  furrow 
subparietal  furrow 
septum  lucidum 
calcarine  fissure 
incisuraprcBoccipitalis 
occipito-temporal  (or  collateral)  furrow 
third-temporal  furrow 
hippocampal  (or  dentate)  fissure 
incisura  temporalis 
corpus  callosura 
genu 
splenixim 
fornix 
anterior  pillar  (columna)  of  the  fornix 


coa,     corpus  albicans 
mF ' ,  superior-frontal  convolution 
H,        hippocampal  gyrus 
Pare,  paracentral  lobule 
PC,      quadrate  lobule  (prascuneus) 
Cm,      cuneus 

0\       uncinate  gyrus  (lingualis) 
OT,      occipito-temporal  convolution 
T\       third-temporal  convolution 
U,       uncus  of  uncinate  gyrus 
fd,       fascia  dentata 
fi,        fimbria 
fM,     foramen  of  Monro 
sra,     substantia  reticularis  alba 
fc,       gyrus   fornicatus    or   convolution   of    the 
corpus  callosum 


or  cinguU  fc),  and  posteriorly  separates  the  paracentral  lobule  from  the 
quadrate  lobule  (or  prmcuneus  PC),  the  median  portion  of  the  vSuperior- 
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parietal  lobule.  The  median  portion  of  the  occipital  lobe  is  called  the 
cuneus  or  cuneate  lobule  {Cu),  and  is  parted  from  the  quadrate  lobule 
by  the  parieto-occipital  furrow  {oc). 

The  calcarine  fissure  {ca)  separates  the  cuneus  from  the  uncinate 
gyrus  {gyrus  Ungualis  0*);  the  latter  passes  forward  and  becomes  the 
hippocarapal  gyrus  {II). 

Beneath  the  uncinate  gyrus  lies  the  occipito-temporal  or  collateral 
furrow  (of),  aad  beneath  this  the  occipito-temporal  convolution  {gyrus 
fusiform  is  OT). 

625.  The  mass  of  the  cerebrum  consists  of  cortical  or  gray  matter 
(Fig.  245  co)  and  medullary  or  white  matter.  The  former  is  of  a  soft- 
gray  tint  and  forms  the  surface  layer  of  all  the  convolutions;  it  also 
occurs  at  the  base  of  the  brain  in  the  masses  known  respectively  as  the 
claustrum  (<?/),  the  nucleus  amygdalae  (wf?),the  caudate  nucleus  {nc), 
and  the  outer  portion  of  the  lenticular  nucleus.  These  latter  are  all 
connected  anteriorly  with  one  another  and  with  the  cortical  gray  matter 
(anterior  perforated  space).  Posteriorly  they  are  separated  by  interven- 
ing portions  of  white  matter. 

The  gray  masses  known  as  the  optic  thalamus  or  simply  thalamus 
{th),  the  subthalamic  body  or  nucleus  of  Luys  {cs),  and  the  inner  two- 
thirds  of  the  lenticular  nucleus  {nl)  do  not  strictly  lie  within  the  cere- 
bral hemispheres  but  belong  to  the  cerebral  axis. 

The  cortical  gray  matter  consists  of  a  delicate  fibrous  mesh  work 
(neuroglia)  which  in  the  dead  brain  is  finely  granular,  enclosing  a  num- 
ber of  multipolar  ganglion-cells,  and  nerve-fibres  of  various  thickness 
arranged  in  plexuses  and  tracts. 

The  medullary  or  white  matter  is  composed  chiefly  of  medullated 
nerve-fibres  devoid  of  primitive  sheaths,  all  of  them  originating  in  the 
gray  substance. 

The  fibres  starting  from  the  cortex  form  bundles  which  pass  into  the 
white  centrum  ovale  of  the  hemisphere.  Those  from  the  central  region 
form  the  corona  radiata,  and  for  the  most  part  pass  down  to  the  base  of 
the  brain;  the  others  connect  the  various  convolutions  with  one  another 
and  are  spoken  of  as  associating  or  interconnecting  fibres. 

Some  of  these  bundles  or  tracts  have  received  special  names:  adjacent 
convolutions  are  connected  by  the ^^Zrfe^rojorifl?  (GtRatiolet);  the  orbital 
convolutions  of  the  frontal  lobe  are  connected  with  the  anterior  parts 
of  the  temporal  lobe  by  the  fibres  of  the  uncinate  fasciculus,  which  passes 
across  the  bottom  of  the  sylvian  fissure;  the  corpus  callosum  connects 
corresponding  cortical  regions  in  the  two  hemispheres;  the  anterior  (or 
white)  commissure  connects  the  two  olfactory  lobes  and  the  two  temporal 
lobes;  the  arcuate  fasciculus  consists  of  fibres  passing  over  the  corpus 
callosum  from  the  frontal  lobe  to  the  occipital  lobe;  and  so  on. 

The  cortex  is  the  terminal  station  for  all  nerves.  Every  part  of  the 
sensorial  surface  of  the  body  and  the  whole  muscular  system  are  con- 
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nected  by  nerve- tracts  (the  'projective  system')  with  the  cortex.  Bv 
means  of  these  tracts  impressions  corresponding  to  every  sensory  stimu- 
lus and  to  every  muscular  movement  are  conveyed  to  the  cortex;  and 
these  impressions  probably  leave  traces  of  '  memories' in  the  ultimate 
structure  of  the  gray  matter  (Meynert).  These  traces  or  memories 
form  the  physical  substratum  of  our  psychical  existence,  of  our  con- 
sciousness. The  traces  are  not  diffused  indiscriminately  over  the  surface 
of  the  brain,  but  tend  to  become  associated  with  certain  parts;  and  thus 
the  various  sensory  surfaces  and  the  various  groups  of  muscles  come  into 
definite  relation  with  certain   definite   regions   of   the   cortex.     Tiiese 
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345.    Diagrammatic   teansveese  veetical  section  op   the  cerebrum  (after  SCHWALBE). 
cortex  ci,     internal  capsule 

island  of  Reil  ce, 


claustrum 
nucleus  amygdalaB 
caudate  nucleus 
optic  thalamus 
middle  commissure 
subthalamic  body 
substantia  nigra 
lenticular  nucleus 


external  capsule 
stt,    stria  termiaalis  (taenia  semicircularis) 
c/,     anterior  pLUar  of  the  fornix 
/,      fornix 
cc,     corpus  callosum. 
vin,  third  ventricle 
vl,     latsral  ventricle 
to,     optic  tract 


cortical  centres  or  areas  are  however  not  sharply  circumscribed,  but 
encroach  upon  one  another  at  many  points. 

The  researches  of  Bouillaud,  Broca,  Meynert,  Kussmaul, 
Hughlings-Jackson,  Hitzig,  Fritsch,  Flechsig,  Wernicke,  Muj^k, 
Ferrier,  Charcot,  Hugueniis",  Fitres,  Lepine,  Marcacci,  Baum- 
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LEE^  ExiSTER,  Teipiee,  Peteixa,  Kahlee,  Pick,  and  others  have 
determined  the  position  of  these  areas  or  centres  for  various  functions 
and  movements,  and  this  not  only  in  man  but  in  a  number  of  other 
animals.  Thus  it  is  almost  certain  that  the  centre  for  the  co-ordination 
of  the  movements  of  speech  is  placed  chiefly  in  the  inferior-frontal  con- 
volution on  the  left  side,  and  the  centre  for  auditory  perception  in  the 
first-temporal  convolution.  Destruction  of  the  former  centre  involves 
the  loss  of  power  to  perform  the  movements  necessary  for  articulate 
speech  (aphemia  or  motor  aphasia);  and  on  destruction  of  the  latter 
centre  the  patient  is  unable  to  understand  spoken  words  (word-deafness 
or  sensory  aphasia).  The  centre  for  visual  perception  appears  to  lie 
chiefly  in  the  angular  gyrus  and  occipital  lobe.  The  motor  and  sensory 
centres  for  the  limbs  lie  in  the  central  convolutions  (ascending-frontal 
and  ascending-parietal),  the  paracentral  lobule,  and  the  parts  adjoining. 
Flechsig  divides  the  surface  of  the  brain  into  three  great  regions 
having  distinct  functions— they  are  the  frontal  zone,  the  parietal  zone, 
and  the  temporo-occipifcal  zone.  The  parietal  zone  contains  the  starting- 
points  of  the  direct  motor  tracts  and  the  terminal-points  of  most  of  the 
sensory  tracts:  it  may  therefore  be  described  as  the  sensory-motor  zone. 
The  frontal  and  temporo-occipital  zones  have  no  direct  relations  to  the 
motor  tracts,  but  are  connected  with  the  optic  thalamus,  the  pons,  and 
the  cerebellum.  Both  zones  are,  he  considers,  in  close  i«elation  with  the 
psychical  processes,  and  the  parts  of  them  bordering  on  the  parietal 
zone  have  an  important  connection  with  the  function  of  speech. 

The  following  are  a  few  of  the  more  important  works  bearing  on  the  anatomy 
of  the  brain: — Meynert,  Vierteljahrsschrift  fur  Psychiatrie  i.  (1867),  Anatomie 
d.  Himrinde  etc.  Erlangen  1865,  Wiener  med.  Jahrb.  1866,  Arch.  f.  Psych,  vil. 
(1877),  Das  Oehirn  d.  Sdugethiere  in  Strieker  s  Geioebelehre  1870  (trans,  as  Manual 
of  Histology  II.  London  1872),  Psychiatry  {trans,  by  Sachs)  London  1885;  Ecker, 
Die  Hirnwindimgen  d.  Menschen  Brunswick  1883  (first  edition  trans,  by  Galton, 
London  1873);  Bischoff,  Die  Grosshirmoindungen  d.  Menschen  Munich  1868; 
HuGUENiN,  Allg.  Pathol,  d.  Nervensy stems  i.  Ziirich  1873;  Henle,  Nervenlehre 
Brunswick  1879;  Schwalbe,  Lehrb.  d.  Neurologie  Erlangen  1881  (with  very  full 
references);  Pansch,  Arch.  f.  Anthrop.  ill.;  Flechsig,  Die  Leitungsbahnen  im 
Gehirn  u.  Ruckenmark  d.  Menschen  Leipzig  1876,  Plan  d.  menschlichen  Gehirnes 
Leipzig  1883;  Wernicke,  Arch.  f.  Psych,  vi.  (1876),  Lehrbuch  d.  Gehimkrankh. 
1.  1881;  VON  MiCHALKOVicz,  EntwickelungsgescMchte  d.  Gehirnes  Leipzig  1877; 
Gudden,  Arch.  f.  Psych,  ii.,  Corresp.  f.  Schweizer  Aerzte  1872,  Grdfe's  Arch.  f. 
Ophthalm.  xx. ;  Forel,  Arch.  f.  Psych,  vii. ;  Giacomini,  Arch.  ital.  de  biol.  i. 
(1882),  Guido  alio  studio  delle  circonvoluzione  cerebrali  delV  ttomo  Turin  1878; 
Marcacci,  Arch.  ital.  de  biol.  i. ;  Golgi,  ibid,  in.,  iv. ;  Dalton,  Brain  iii.  (1881), 
Topograph,  anat.  of  the  brain  Philadelphia  1885;  Quain's  Elements  of  anatomy  ii. 
London  1882;  Ross,  Diseases  of  the  nervous  system  London  1883;  Aeby,  Schema 
d.  Faserverlaufes  V.  menschl.  Gehirn  Berne  1884;  Edinger,  Baud.  nerv.  Central- 
organe  Leipzig  1885;  Hill,  Plan  of  the  central  nervous  system  Cambridge  1885. 

On  the  functions  of  the  brain: — Bouillaud,  Traite  clinique  de  Vencephalite 
Paris  1825;  Flourens,  Arch,  generales  de  med.  li.  (1823),  Recherches  exper.  sur  le 
systeme  nerveux  Paris  1824  and  1842;  Fritsch  and  Hitzig,  Reicherfs  Arch.  1870, 
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HiTZiG,  Unters.  ilb.  das  Oehirn  Berlin  1874;  Veyssiere  L'Ju'mUmestJie.ne  de  cause 
cerebrale  Paris  1874;  Carville  and  Duret,  Arch,  de  physiol.  ii.  (1875);  Noth- 
NAGEL,  Virch.  Arch,  vols.  57,  58,  60,  62;  Schiff,  Lezione  sopra  il  syat.  nerv. 
encephal.  Florence  1874.  Arch.  f.  exper.  Pathol,  ni.  (1875);  Ferrier,  Went  Riding 
Asylum  Reports  1873,  Phil.  Trans.  CLXV.  (1875),  Functions  of  thehrain  London 
1886;  GoLTZ,  Pfluger's  Arch.  vols.  13,  14  and  20,  Trans,  internal,  vied,  congress  i. 
London  1881,  Ueber  die  Verrichtungen  d.  Grosshirnes  Bonn  1881;  Burdon-San- 
DERSON,  Proc.  Roy.  Sac.  xxii.  (1875);  Hermann,  Pfluger's  Arch.  vol.  10;  Munk, 
Ueber  d.  Functionen  d.  Orosshirnrinde  Berlin  1881,  Sitzungsber.  d.  Berlin  Acad. 
XXXVI.  (1882);  Vettkr,  D.  Arch.  f.  klin.  Med.  XV.,  xxil.,  xxxi.;  Meynert,  Wiener 
Sitzungsber.  1869,  Arch.  f.  Psych,  ii.  (1870),  Mechanik  d.  Gehirnbaues  Vienna  1874, 
Lepine,  Localisat.  dans  les  malad.  cerebrales  Paris  1875;  Hughungs- Jackson' 
Researches  on  the  nervous  system  London  1875,  Croonian  lectures  on  The  evolu- 
tion and  dissolution  of  the  nervous  system  London  1884;  Charcot  and  Pxtres, 
Revue  mens,  de  n.ed.  1877-79,  Revue  de  med.  5,  1883;  Nothnagel,  Topische  Diag- 
nostik  d.  Gehirnkrankh.  Berlin  1879;  Kahler  and  Pick,  Prager  Vierteljahrs.  141, 
Prager  Zeitsehrift  f.  Heilk.  i.;  Furstner,  Arch.  f.  Psych,  viii.;  Pitres,  Rech.  sur 
les  lesions  du  centre  ovale  des  hemispheres  cerebr.  Paris  1878;  Broca,  Bull,  de  la 
soc.  anatom.  1861  and  1863,  Revue  d' anthropologic  v.  (1876);  Kussmaul,  Die 
Storungen  d.  Sprache  Leipzig  1877;  Berger,  Arch.  d.  Heilk.  1878;  Obersteiner, 
Wien.  med,  Jahrb.  1878;  Wernicke,  Der  aphasische  Symptomencomplex  Breslau 
1874;  Bastian,  Brain  as  an  organ  of  mind  (Int.  scientific  series)  London  1885; 
Marcacci,  Arch.  ital.  de  biol.  i.,  ii.:  Golgi,  ibid,  ii.;  Charcot,  Leqons  sur  les 
localisations  dans  les  maladies  du  cerveau  Paris  1878,  trans,  by  Hadden  (New 
Syd.  Soc,)Londonl883;  Exner,  Unters.  ub.  die  Function  d.  Grosshiriirinde  Yienna 
1880;  Skwortzoff,  De  la  cecite  et  de  la  surdite  des  mots  dans  Vaphasie  Paris  1881; 
Tripier,  Revue  mens.  1880;  Petrina,  Zeitsciir,  f,  Heilk,  ii. ;  Ross,  op.  cit.; 
GowERS,  Diseases  of  the  brain  London  1885;  Landois  and  Stirling,  Human 
Physiology  ii.  London  1886. 

On  loss  of  vision  (hemianopsia)  after  lesion  of  the  occipital  lobe: — Forster 
Grdfe-Saemisch'sHandbuchYii.;  Hitzig,  Corresp.f.  Schweizer  Aerztel8T7;  Munk 
Berl.  klin.  Woch.lSUl,  Du  Bois-Reymond's  Arch.  1878;  Jastrowitz,  Centralb.f. 
Augenheilk.  1877;  Baumgarten,  Cent.  f.  med,  Wiss.  1878;  Hosch,  Klin.  Ilonatsbl 
f,  Augenheilk.  xvi.;  Nothnagel,  loc.  cit.;  Curschmann,  Centralb.  f.  Augenheilk. 
1879;  Westphal,  Berl.  klin.  Wochenschr.  1880;  Wernicke  and  Hahn,  Virch 
Arch,  vol.  87;  March  and,  Grdfe's  Arch,  xxviii.;  Richet,  Structure  des  cireon- 
volutions  Paris  1878;  Furstner,  Arch.  f.  Psych,  viii. ;  Haab,  Klin.  Monatsbl.  f. 
Augenheilk.  1882;  Ferrier  and  Yeo,  Brit.  Med,  Journ.  2,  1880;  Ferrier,  Brain 
III.  (1880),  VII.  (1884),  and  op.  cit.;  Pierson,  Cent.  f.  Nervenheilk.  1880;  Mauthner 
Oehirn  und  Aitge  Wiesbaden  1881;  Wilbrand,  Ueher  Hemianopsie  Berlin  1881 
Ophthalm.  Beitrdge  z.  Diagnostik  d,  Gehirnkrankh,  Wiesbaden  1884;  Starr, 
Amer,  Journ.  med,  sci,  1884;  Fere,  Arch,  de  neurologic  ix.  (1883);  Hamilton 
Brain  vil.  (1884).  A  summary  of  cases  is  given  by  Ross,  op,  cit.  ii.,  Dodds 
Brain  viii.  (1885),  and  Seguin,  Journ.  of  nerv,  and  ment,  disease  1886. 

626.  The  spinal  cord  is  an  elongated  cylindrical  body,  somewhat 
flattened  antero-posteriorly,  and  composed  of  gray  matter  and  white 
matter.  The  gray  matter  is  in  the  interior,  extending  throughout  the 
length  of  the  cord,  the  cross-section  being  roughly  H-shaped  (Fig.  246) 
and  forming  two  anterior  horns  {or  cornua,  ca)  and  two  posterior 
horns  {c  p),  united  by  a  gray  commissure.  The  commissure  contains 
the  central  canal   {cc),  a  slender  tube  lined  with  epithelium.     The 
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anterior  horns  are  of  larger  sectional  area  than  the  posterior,  but  their 
size  and  configuration  vary  remarkably  in  different  parts  of  the  cord: 
they  are  smallest  in  the  dorsal  region. 

In  numerous  places,  especially  about  the  region  midway  between  the 
anterior  and  posterior  horns,  radiating  processes  of  gray  matter  pass 
into  the  white  (near  c  I),  and  are  known  as  processus  reticulares.  They 
interlace  and  form  a  network  enclosing  portions  of  white  substance  in  its 
meshes.  In  the.  cervical  and  upper  dorsal  regions  a  lateral  projection  of 
the  anterior  horn  appears,  and  is  called  the  intermedio-lateral  tract 
or  lateral  horn  {cl). 

The  gray  substance  contains  a  multitude  of  ganglion-cells  and  nerve- 
fibres  of  various  thicknesses,  enclosed  in  a  delicate  neuroglia.  Eound 
the  central  canal  and  at  the  extremity  of  the  posterior  horn  the  neuroglia 
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Fig, 

anterior  horn 

lateral  horn  (so-called) 

posterior  horn 

central  canal 

anterior  or  white  commissure 
fen,   funiculus  cuneatus  (posterior  root-zone 

or  column  of  Burdach) 
Ksb,  direct  cerebellar  tract 
ra,     anterior  root 


Diagrammatic  section  op  the  spinal  cord 


ca, 
cl, 

cp, 
cc, 
coa. 


(X  6). 
rp,      posterior  root 
fla,      antsrior  longitudinal  fissure 
sip,     posterior  longitudinal  fissure 
fgr,     funiculus  gracilis  (column  of  GoU) 
Pfth,     lateral  (or  crossed*  pyramidal  tract 
Pvb,    anterior   (or   direct)  pyramidal   tract  (col- 
umn of  Tiirck) 
vWz,    anterior  root-zone 


is  rich  in  cells,  and  ganglion-cells  are  absent:  these  parts  are  spoken  of 
^s  the  substantia  gelatinosa,  the  parts  containing  ganglion-cells  as  the 
substantia  spongiosa. 

In  the  anterior  horn  the  ganglion-cells  (motor  cells)  are  large  and 
multipolar;  they  possess  numerous  processes,  one  long  and  unbranched 
is  the  axis-cylinder  process,  the  others  subdividing  and  interlacing  into 
a  delicate  network  of  fibrils.  The  anterior  ganglion-cells  are  gathered 
into  clusters,  corresponding  apparently  to  the  territories  of  the  blood- 
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vessels.  In  the  posterior  horns  they  are  much  smaller  and  more  uni- 
formly distributed.  Two  longitudinal  columns  of  bipolar  ganglion- 
cells  exist  in  the  dorsal  region  of  the  cord,  lying  to  the  median  side  of 
the  inner  portion  of  the  posterior  horns  and  known  as  Clarke's  vesicu- 
lar columns;  these  contain  ganglion-ceils  intermediate  in  size  between 
those  of  the  anterior  and  those  of  the  posterior  horns. 

The  white  matter  of  the  cord  forms  a  sheath  surrounding  the  gray 
columns  and  filling  up  their  irregularities.  It  is  cleft  behind  by  the 
slender  posterior  sulcus  or  fissure  (sip)  which  extends  to  the  gray  mat- 
ter, and  anteriorly  by  the  wider  anterior  fissure  (fla)  which  does  not 
quite  reach  the  gray  matter  but  leaves  a  narrow  white  or  anterior  com- 
missure (coa)  to  unite  the  lateral  halves  of  the  cord.  The  white  matter 
consists  of  large  and  small  medullated  nerve-fibres  (without  the  primi- 
tive sheath  of  Schwann)  running  for  the  most  part  longitudinally; 
only  a  few  run  horizontally  or  obliquely.  These  fibres  are  divided  into 
bundles  by  fibrous  and  neurogliar  dissepiments  extending  inwards  from 
the  surface.  Externally  the  cord  is  covered  with  a  thin  layer  of  grayish 
neuroglia.     Very  few  ganglion-cells  are  met  with  in  the  white  matter. 

The  roots  of  the  spinal  nerves  are  bundles  of  fibres  leaving  the 
cord  anteriorly  and  posteriorly  in  more  or  less  parallel  directions.  The 
anterior  root  (r«)  contains  motor  fibres  and  starts  proximately  from  the 
anterior  horn:  the  posterior  root  [rp)  conveys  centripetal  or  sensory 
fibres  to  the  posterior  horn.  A  certain  number  of  anterior-root  fibres 
and  posterior-root  fibres  unite  into  a  nerve,  and  to  each  pair  of 
nerves  corresponds  a  more  numerous  aggregation  of  ganglion-cells; 
consequently  the  cord  is  subdivided  into  a  number  of  natural  segments 
whose  number  corres^oonds  to  that  of  the  spinal  nerves. 

The  portion  of  white  matter  between  the  anterior  fissure  and  the 
anterior  root  is  called  the  anterior  column ;  that  between  the  anterior 
and  posterior  root  on  the  same  side  is  the  lateral  column ;  that  between 
the  posterior  root  and  the  posterior  fissure  is  the  posterior  column. 

The  fibres  passing  into  the  roots  are  connected  with  the  ganglion- 
cells  of  the  anterior  hoi-n  by  means  of  the  axis-cylinder  process,  with 
those  of  the  posterior  horn  by  the  network  of  fibrils;  in  the  latter  the 
ganglion-cell  processes  and  the  nerve-fibres  interlace.  From  the  gray 
matter  other  nerve-fibres  pass  into  the  neighboring  white  columns, 
which  either  serve  to  connect  parts  of  the  gray  matter  on  different 
levels  or  pass  directly  upwards  to  tie  base  of  the  brain  or  the  cerebrum, 
•  The  longitudinal  columns  are  subdivided  into  various  tracts  accord- 
ing to  their  physiological  function.  The  best-known  are  the  anterior 
(or  direct)  and  lateral  (or  crossed)  pyramidal  tracts  {Pvi,  Psi),  the 
lateral  or  direct  cerebellar  tract  {Ksb),  the  column  of  Groll  ox  funiculus 
gracilis  {fgr),  and  the  posterior  root-zone  or  funiculus  cuneatus  {fen). 

The  anterior  pyramidal  tract  (column  of  Tiirck)  and  the  lateral 
pyramidal  tract  contain  centrifugal  or  efferent  fibres,  and  form  the 


912 


THE   CENTRAL    NEEVOUS    SYSTEM. 


direct  path  of  communication  between  the  gray  matter  of  the  parietal 
zone  of  the  cerebral  cortex  and  that  of  the  anterior  horns.  They  tra- 
verse the  internal  capsule  (Fig.  245  ci)  and  the  peduncular  tract,  the 
lateral  tract  passing  to  the  opposite  side  at  the  decussation  of  the  pyra- 
mids, and  the  anterior  tract  passing  directly  down  on  the  same  side  and 
crossing  at  some  point  in  the  cord  by  means  of  the  anterior  commissure 
to  join  the  anterior  horn  of  the  opposite  side. 

The  anterior  tract  {Pvh)  lies  medially  in  the  anterior  column,  the 
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Fig.  247.    Basal  aspect  of  the  cerebral  axis 


Mdbl^  mediilla  oblongata  JT, 

Sslr^  lateral  column  2V0, 

FJsir,  anterior  column  Ch, 

Fy^  pyramid  J, 

DI^^  decussation  of  the  pyramids  JJ, 

O,  olivary  body  III, 

Po,       pons  IV, 

Z>,  anterior  lobe  of  the  cerebellum  FF, , 

6r,  digastric  lobe  of  the  cerebellum  VI, 

Fl,        flocculus  of  the  cerebellum  VII, 

BrS,     middle  peduncle  of  the  cerebellum  Vni, 

Pe,        crus  cerebri  (cerebral  peduncle)  IX, 

Spp,      i)Osterior  perforated  space  X, 

Lpa,     anterior  perforated  space  XI, 

Cm,        corpora  albicantia  (mammiUaria)  XII, 

Tc,         tuber  cinereum  with  infundibulum  Cj, 


stem  of  the  hypophysis  or  pituitary  body 
optic  tract 
optic  chiasma 
olfactory  nerve 
optic  nerve 
oculomotor  nerve 
trochlear  nerve 
trigeminus  nerve 
abducens  nerve 
facial  nerve 
auditory  nerve 
glossopharyngeal  nerve 
vagus  nerve 
spinal  accessory  nerve 
hypoglossal  nen'e 
anterior  root  of  first  cervical  nerve 


lateral  tract  (Psb)  in  the  posterior  part  of  the   lateral  column.     Tlie 
cross-section  of  each  diminishes  as  we  pass  downwards  from  the  medulla. 
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The  relative  size  of  the  crossed  and  uiicro.ssed  portions  is  very  variahie 
and  in  Homo  cases  unequal  on  the  two  sides,  the  section  of  the  cord  being 
then  unsyrnnietrioiil.  Usually  the  anterior  tract  disappears  about  the 
middle  of  Llu!  dorsal  region.  In  some  cases  however  it  extends  down  to 
the  lumbar  region,  and  in  others  is  entirely  absent,  that  is  to  say  the 
decussation  at  the  pyramids  is  complete. 

The  direct  cerebellar  tract  ( Ksh)  connects  the  gray  matter  of 
Clarke's  column  with  the  cerebellum.  It  runs  along  the  outer  margin 
of  the  posterior  portion  of  the  lateral  column,  and  extends  as  far  as  the 
end  of  the  dorsal  region. 

The  remaining  region  of  the  anterior  column  is  termed  by  Flechsio 
the  principal  tract  of  the  anterior  column,  and  that  of  the  lateral  col- 
umn the  mixed  lateral  tract.     The  libres  in  these  regions  serve  ap- 


FiG.  348.    Diagram  of  the  nuclei  op  thd  c:;ianial  nerves. 


a,  funiculus  gracilis 

6,  funiculus  cuneatus 

e,  restiform  body 

d,  striae  acusticse 

e,  posterior  peduncle  of  the  cerebellum 

f,  middle  peduncle  of  the  cerebellum 
<7,  anterior  peduncle  of  the  cerebellum 
h,  corpora  quadrigemina 

i,  crus  cerebri 


in,   nucleus  of  the  oculomotor 
IV,    nucleus  of  the  trochlear 
Fi,    nucleus  of  the  motor,  Fj   V^  nuclei  of  the 
sensory,  root  of  the  trigeminus 

VI,  nucleus  of  the  abducens 

VII,  nucleus  of  the  facial 

Villi  ^Ilh,  nuclei  of  the  auditory 

IX,  nucleus  of  tlie  glossopharyngeal 

X,  nucleus  of  the  vagus 

XI,  nucleus  of  the  spinal  accessory 
XH,  nucleus  of  the  hypoglossal 


parently  to  connect  different  portions  of  the  gray  matter  of  the  cord 
with  one  another  and  with  the  brain,  and  include   root-fibres  which 
14 
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course  longitudinally  for  a  short  distance  along  the  cord  before  entering 
the  gray  horns. 

The  median  portion  of  each  posterior  column  is  called  the  column 
ofGoll  or  funiculus  gracilis  (fgr);  the  lateral  portion  (fen)  is  the 
column  of  Burdach  or  cuneate  funiculus.  The  column  of  Goll  con- 
nects the  posterior  roots  of  the  cord  with  the  tegmental  region  of  the 
medulla,  i.  e.  with  the  nucleus  of  the  funiculus  gracilis  (Fig.  3i9  ng), 
probably  also  with  the  internal  accessory  olivary  nucleus  {oam),  and 
thence  by  way  of  the  internal  capsule  and  the  corona  radiata  with  the 
parietal  zone  of  the  cortex  and  the  lenticular  nucleus.  The  column  of 
Burdach  (Fig.  243/c;^)  contains  fibres  which  enter  with  the  posterior 
roots  and  then  pass  upwards  for  a  certain  distance,  ultimately  entering 
the  posterior  horn.  It  also  contains  fibres  interconnecting  various  por- 
tions of  gray  matter  in  the  cord,  and  connecting  these  with  the  nucleus 
of  the  funiculus  cuneatus  and  olivary  body  in  the  medulla,  with  the 
dentate  nucleus  in  the  cerebellum,  and  thence  with  the  parietal  zone 
of  the  cortex  and  the  corpus  striatum  (Flechsig).  According  to 
Kahler  the  ascending  nerve-fibres  from  the  posterior  roots  are  so  ar- 
ranged that  in  any  given  section  of  the  cord  those  fibres  which  entered 
lowest  lie  nearest  the  posterior  end  of  the  median  fissure. 

The  gray  matter  of  the  cord  contains  the  several  nerve  centres  sub- 
ordinate to  those  in  the  medulla;  these  centres  subserve  simple  or  partial 
and  diffuse  or  co-ordinated  reflexes,  and  on  stimulation  of  the  sensory  or 
afferent  fibres  may  give  rise  to  motor  impulses  which  act  on  associated 
or  distinct  groups  of  muscles  and  result  in  motions  of  a  complicated 
kind.  Such  are  the  centres  for  defaecation,  for  micturition,  for  erec- 
tion and  ejaculation,  and  for  various  vaso-motor  actions. 

The  fibres  connecting  the  cord  with  the  brain  subserve  the  percep- 
tion of  sensations,  and  the  transmission  of  impulses  inhibiting  reflex 
actions  and  calling  forth  voluntary  movements. 

Oq  the  structure  and  functions  of  the  cord: — TiJRCK,  Wiener  Sitzungsberiehte 
1851,  1853,  1855;  van  der  Kolk,  Structure  and  functions  of  the  spinal  cord  (New 
Syd,  Soc.)  London  1859;  Goll,  Denkschr.d.  med.  chir.  Oesellsch.  d.  Cant.  Zurich 
1860;  Deiters,  Untersuch.  ilb.  Gehirnu.  RUckenmark  1865;  BoucaxRD,  Ai^chives 
gen.  1866;  M.  Sghultze,  Strieker's  Manual  of  Histology  (New  Syd.  Soc.)  ll.  Lon- 
don 1872;  Gerlach,  ibid.;  Leyden,  Klinik  d.  Riickenmarkskrankh.  Berlin  1874; 
HuGUENiN,  Allg.  Path.  d.  Krankh.  d.  Nervensyst.  Zurich  1875;  Boll,  Histol.  d. 
new.  Centralorg.,  Arch.  f.  Psych,  iv.;  Schiefferdecker,  Beitrdge  z.  Kenntniss 
d.  Faserverlaufes  im  RUckenmark,  Arch.  f.  inikros.  Ana.t.  x.  (1874),  Virch.  Arch. 
vol.  67;  EiCHHORST,  ibid.  vol.  64;  Flechsig,  Die  Leitungsbahnen  im  Gehirn 
u.  RUckenmark  Leipzig  1876,  Arch.  d.  Heilk.  xviii.,  xix.,  Ziemssen's 
Cyclop,  (supp.  vol.)  ;  Erb,  Ziemssen's  Cyclop.  xiiL  ;  Klein  and  Noble 
Smith,  Atlas  of  Histology  London  1880;  Charcot,  Diseases  of  the  nervous 
system  (New  Syd.  Soc.)  London  1876-80,  Localization  of  cerebral  and 
spinal  diseases  (New  Syd.  Soc.)  London  1883;  Singer,  Wiener  Sitzungsberiehte 
1881;  Debove  and  Gombault,  Arch,  de  neurologic  i.  (1881);  Schwalbe,  Lehrb.  d. 
NeuroTogie  Erlangen.  18SI;  Ross,  Diseases  of  the  nervous  system  i.  London  1883; 
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Byuom  Br.vmvvell,  Diseaaes  of  the  H]>iiL(d  cord  Eli[iburj;h  1884;  Kahler, 
Naturforncherversaminlunrf  in  Eisenach  1883;  La-URA.,  Arch.  ital.  de  Idol.  i.  (18^2); 
Quain\H  Elements  of  anatoin,'/  II.  London  1882;  Bechtkrew,  Neurol.  Centralb. 
1885;  Ho?,i£;n;  Fortschritte  d.  Med.  ill.  188");  Lanqley,  7?ram  viii.  1880  (a  critical 
digest  of  inumoirs  on  tl^e  tmctn  of  tlie  cord,  with  references);  Ferrier,  Func- 
tions of  the  bvahi  London  1880. 

627.  Tlio  cerebral  axis  consists  of  the  medulla  ohlons^ata  (Fig. 
247  Mnbl),  the  pons  Varolii  {Po),  the  crura  cerebri  {Pe),  the  subthala- 
mic (or  interpeduncular)  region  (Pig.  245  about  cs)  with  the  tuber 
ciuereum  (Fig.  247  To),  corpora  albicantia  (or  mammillaria  Cin),  the 
cerebellum  (Z>,  Gr,  Fl),  the  corpora  quadrigemina  (Fig.  248  h),  and  the 
optic  thalamus  (Fig.  245  th). 

Genetically   all    these   are  but    modified   parts   of  the   spinal    cord 


^JC     tnX'/'^' 


^aiii^ 


^.0.1. 


f.la. 


n.ar.'-jp 


Fig.  249.    Section  of  the  medulla  through  the  middle  of  the  olivary  body. 
(After  SCRW ALB E :    x  4.) 

origin  of  the  ligula  (tEenia  sinus  rhomboida. 
lis) 

restif  orm  body 

pyramid 

external  arciform  fibres  passing  in  part 
through  the  substantia  gelatinosa  (g),  in 
part  external  to  the  restif  orm  body  (C?-) 

formatio  reticularis,  showing  internal  arci- 
form fibres;  the  latter  partly  continuous 
with  the  external  arciform  fibres,  partly 
arising  from  the  various  gray  nuclei  and 
passing  towards  the  raphe  (r) 

olivary  arciform  fibres  {pedunculus  oUvcb) 

continuation  of  anterior  column  of  cord 

anterior  median  fissure 


nt, 

nucleus  of  the  funiculus  teres 

*, 

nxn, 

nucles  of  the  hypoglossal  nerve 

nXnXi 

,  nucleus  of  the  vagus  nerve 

Or, 

XII. 

hypoglossal  nerve 

P> 

^, 

vagus  nerve 

fae. 

0, 

olivary  nucleus  (corpus  dentatum) 

oal. 

exterior  accessory  olivary  nucleus 

oam. 

interior  accessory  olivary  nucleus 

Fr, 

nam, 

nucleus  ambiguus 

nl. 

nucleus  of  lateral  column 

ng. 

nucleus  of  funiculus  gracilis 

nc, 

nucleus  of  funiculus  cuneatus 

nar. 

nucleus  arciformis 

pol, 

g. 

substantia  gelatinosa 

V, 

aV, 

ascending  root  of  trigeminus 

fla. 

fs. 

funiculus  soUtarius 

(Schwalbe),  and  from  this  region. arise  those  cranial  nerves  which  are 
homologous  with  the  spinal  nerves. 
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The  modifications  wliich  the  cord  undergoes  in  this  region  are  chiefly 
these — the  central  canal  becomes  more  and  more  posterior  and  is  con- 
tinued into  the  cerebral  axis  as  the  fourth  ventricle,  the  aqueduct  of 
Sylvius,  and  the  third  ventricle.  At  the  same  time  the  gray  matter 
subdivides,  and  interpenetrating  the  white  assumes  a  peculiar  reticulated 
structure  (Fig.  249  Fr)  with  numerous  detached  clusters  of  ganglion- 
cells  from  which  the  cranial  nerves  take  their  origin  (Fig.  248). 

This  subdivision  of  the  gray  matter  is  accompanied  by  certain  re- 
arrangements of  the  nerve-tracts.  Tiie  pyramidal  lateral  columns  cross 
each  other  at  the  decussation  (Fig.  247  DPy),  and  pass  to  the  ventral 
surface  of  the  medulla  (Fig.  248  j9),  while  the  shorter  tracts  connecting 
the  several  portions  of  the  gray  matter  become  less  and  less  superficial. 
The  column  of  Goll  and  the  column  of  Burdach  pass  up  (as  the  funicu- 
lus gracilis  (Fig.  248  a)  and  funiculus  cuneatus  {b)  respectively)  to  the 
lateral  margin  of  the  fourth  ventricle,  and  together  with  lateral  cere- 
bellar tract  and  the  arciform  fibres  of  the  restiform  body  (c)  form  the 
posterior  peduncle  of  the  cerebellum  (e). 

At  this  level  fresh  nuclei  begin  to  appear,  and  form  the  substance  of 
the  olivary  body  (Figs.  247,  249  o),  and  the  beginning  of  the  gray  matter 
of  the  cerebellum,  corpora  quadrigemina  (Fig.  248  li),  optic  thalamus 
(Fig.  245  til),  subthalamic  body  (cs),  and  numerous  small  masses  (Fig. 
249)  embedded  in  the  various  columns  and  tracts.  All  these  nuclei  give 
rise  in  their  turn  to  fresh  bundles  of  fibres,  some  of  which  run  in  dis- 
tinct tracts  while  others  interlace  with  their  neighbors. 

Presently  the  longitudinal  fibres  are  crossed  by  numerous  arciform 
fibres  (Fig.  249)  some  external  {fae),  others  lying  deeper  {Fr,  b)  and 
forming  a  network  {formatio  reticularis)  with  the  longitudinal  fibres. 

The  cerebral  axis  may  be  considered  as  made  up  of  three  regions  or 
strata  (Schwalbe) — the  peduncular  tract  (Metkert,  Schwalbe),  the 
tegmental  region  (Forel),  and  the  dorsal  stratum. 

The  peduncular  tract  is  in  the  medulla  represented  by  the  pyra- 
midal columns  (Fig.  249  j^),  which  are  surrounded  and  in  part  rein- 
forced by  the  external  arciform  fibres  {fae).  The  external  arciform 
fibres  enclose  a  nucleus  known  as  the  arciform  nucleus  {nar).  In  the 
pons  the  peduncular  tract  lies  in  the  ventral  stratum,  being  crossed  and 
interlaced  by  the  transverse  arciform  fibres  derived  from  the  middle 
peduncle  of  the  cerebellum  (Fig,  247  Br 8).  Some  of  these  fibres  are 
commissural  and  connect  the  two  halves  of  the  cerebellum;  others  pene- 
trate the  gray  masses  embedded  among  the  arciform  fibres  and  known 
as  the  nuclei  of  the  pons.  Certain  of  the  nerve  fibres  which  start  from 
these  nuclei  join  the  bundles  of  pyramidal  fibres  and  pass  with  them  up 
to  the  cerebrum. 

The  bundles  of  pyramidal  fibres,  which  in  the  pons  are  more  or  less 
subdivided  and  scattered,  unite  again  into  compact  bundles  on  the  an- 
terior or  cerebral  side  of  the  pons  and,  reinforced  by  the  nuclear  fibres 
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just  referred  to,  fyrm  tlic  pes  or  crustii  of  the  crura  cerebri  (Fig.  247 
Pe).  The  crusta  ia  covered  on  the  upper  or  dorsal  surface  by  the  sub- 
stantia nifi^ra,  a  hiyer  of  pigmented  ganglion-cells,  which  in  their  turn 
give  olf  fibres  to  join  the  crustal  filires.  These  latter  then  puss  (mainly 
through  the  internal  capsule)  up  to  the  cortex.  The  pyramidal  fibres 
terminate  in  the  ascending  frontal  and  parietal  convolutions  and  the 
parts  adjoining,  the  other  fibres  pass  to  the  frontal,  temporal,  and  oc- 
cipital lobes.     A  few  enter  the  lenticular  and  caudate  nuclei. 

The  tegmental  region  lies  to  the  dorsal  surface  of  the  peduncular 
tract,  and  consists  chiefly  of  the  formatio  reticularis  (Fig.  249  Fr).  The 
reticular  structure  is  due  to  the  subdivision  into  fibres  of  part  of  the 
gray  matter  of  the  anterior  horn,  with  which  are  interlaced  numerous 
arciform  fibres.  It  includes  in  every  part  longitudinal  fibres  which  are 
the  continuation  of  the  anterior  and  lateral  columns  of  the  cord,  together 
with  arciform  fibres  and  scattered  ganglion-cells.  Posteriorly  there  is  a 
so-called  raphe  (r),  due  to  the  decussation  of  some  of  the  fibres  in  the 
middle  line. 

The  tegmental  portion  of  the  medulla  contains  the  nuclei  of  the 
twelfth,  eleventh,  tenth,  ninth,  and  j)art  of  the  eighth  cranial  nerves 
(Figs.  248,  249),  the  olivary  nucleus  (Fig.  249  o),  the  accessory  olivary 
nuclei  {oam,  oal),  the  nucleus  of  the  funiculus  gracilis  ing),  the  nucleus 
of  the  funiculus  cuneatus  {nc),  and  other  nuclei.  The  restiform  body 
(Fig.  348  c)  also  belongs  to  this  region,  through  which  pass  fibres  from 
the  lateral  cerebellar  tract  of  the  cord,  from  the  olivary  body,  and  from 
the  formatio  reticularis,  to  the  cerebellum. 

The  tegmental  portion  of  the  pons  contains  the  nuclei  of  the  fifth, 
sixth,  seventh,  and  part  of  the  eighth  cranial  nerves  (Fig.  248).  Fibres 
pass  from  the  cerebellum  into  the  formatio  reticularis  through  the  an- 
terior peduncle  of  the  cerebellum. 

The  tegmental  portion  of  the  crura  cerebri  lies  beneath  the  aque- 
duct of  Sylvius  and  is  connected  with  the  corpora  quadrigemina  and  the 
anterior  medullary  velum.  Beneath  the  aqueduct  lies  the  nucleus  of 
the  third  and  fourth  cranial  nerves  (Fig.  248).  The  formatio  reticularis 
which  lies  to  the  ventral  side  of  these  nuclei  contains  (in  addition  to 
longitudinal  bundles  of  fibres  from  the  anterior  and  lateral  columns  of 
the  cord)  fibres  from  the  corpora  quadrigemina  and  anterior  medullary 
velum,  and  from  the  cerebellum.  The  former  proceed  to  the  pons  by 
way  of  the  arcuate  fibres,  the  latter  by  way  of  the  anterior  peduncles. 
The  bundles  from  the  cerebellum  enclose  in  the  part  beneath  the  an- 
terior corpora  quadrigemina  a  reddish  island  of  gray  matter  known  as 
the  red  nucleus.  Many  of  the  fibres  of  these  bundles  terminate  in  this 
nucleus  (Gudden),  a  few  are  seen  to  pass  beyond  it  (Flechsig).  These 
latter  fibres  pass  to  the  exterior  parts  of  the  lenticular  nucleus,  to  the 
optic  thalamus,  and  to  the  cortex  of  the  parietal  lobe.  The  fibres  thus 
proceeding  to  the  cortex  pass  through  the  internal  capsule  and  form  the 
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largest  part  of  the  sector  of  the  corona  radiata  called  by  Flechsig  the 
tegmental  radiations  [Haubenstrahlung). 

The  tegmental  portion  of  the  inter-brain  (Art.  630)  consists  of  the 
subthalamic  region,  and  the  gray  matter  forming  the  floor  of  the  third 
ventricle  and  called  the  interpeduncular  region,  the  latter  being  made  up 
of  the  posterior  perforated  lamina  (Fig.  247  Spp),  the  corpora  albicantia 
(or  mammillaria  Cm),  and  the  tuber  cinereum  ( 7c).  The  subthalamic 
region  lies  between  the  optic  thalamus  and  the  prolongation  of  the  sub- 
stantia nigra  of  the  crura  cerebri,  and  extends  forwards  to  the  anterior 
perforated'  lamina  {Lpa).  It  is  made  up  of  a  gray  nucleus,  the  corpus 
subthalamicum  (Fig.  245  cs)  or  body  of  Luys,  and  a  dorsal  layer  of  white 
matter  connected  with  the  optic  thalamus  and  containing  fibres  pro- 
ceeding to  the  corpus  striatum  from  the  red  nucleus  and  superior  cere- 
bellar peduncles. 

The  dorsal  stratum  of  the  cerebral  axis  includes  the  cerebellum, 
the  corpora  quadrigemina,  and  the  thalamus. 

The  cerebellum  contains  gray  matter  partly  spread  over  the  cortex, 
partly  collected  in  the  interior  in  masses  known  as  the  nucleus  dentatus, 
nucleus  emboliformis,  nucleus  globosus,  and  nucleus  fastigii,  respec- 
tively (Stilling).  These  nuclei  are  by  means  of  the  fibres  of  the  white 
matter  of  the  cerebellum  connected  not  only  with  each  other,  but  also 
(through  the  several  cerebellar  peduncles)  with  various  nuclei  and  tracts 
already  described  in  the  tegmental  and  peduncular  regions;  they  are 
thus  in  relation  with  the  cord  on  the  one  hand  and  with  the  optic  thala- 
mus, lenticular  nucleus,  and  cerebrum  on  the  other. 

The  quadrigeminal  region  consists  of  two  anterior  and  two  pos- 
terior quadrigeminal  bodies  enclosing  gray  nuclei,  and  the  gray  lamina 
which  forms  the  roof  or  dorsal  covering  of  the  aqueduct  of  Sylvius.  The 
posterior  bodies  are  connected  by  means  of  the  lower  fillet  with  the  ven- 
tral aspect  of  the  tegmental  region,  and  by  the  inferior  brachium  with 
the  internal  geniculate  body,  a  gray  nucleus  beneath  and  contiguous  to 
the  optic  thalamus.  They  are  probably  also  in  connection  with  the 
optic  nerves  and  the  cortex  cerebri.  The  anterior  bodies  are  connected 
with  the  optic  nerves,  with  the  tegmental  region  (through  the  upper 
fillet)  and  with  the  cortex  cerebri. 

The  thalamus  consists  of  the  optic  thalamus  in  the  narrower  sense 
of  the  term,  of  the  gray  matter  lining  the  cavity  of  the  third  ventricle, 
and  of  the  external  corpus  geniculatum.  The  optic  thalamus  has  ex- 
tensive connections  with  the  cortex  cerebri  (these  pass  outwards  chiefly 
through  the  internal  capsule,  but  in  part  also  beneath  the  lenticular 
nucleus),  with  the  tegmental  region,  and  also  with  the  optic  tract.  The 
outer  corpus  geniculatum  lying  towards  the  outward  extremity  of  the 
pulvinar  or  posterior  tubercle  of  the  thalamus  is  of  a  dark-gray  tint;  it 
is  a  centre  for  the  nerves  of  vision. 

The  cerebral  axis  contains  no  elements  subserving  any  psychical 
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function;  the  functions  of  iU  cuiitres  arc  partly  involuntary  or  uuto- 
maiic,  partly  reflex. 

Tiius  tho  modulla  coutaius  the  rcflex-ccutres  for  clo.suro  of  the  eye- 
lids, for  coughing,  sneezing,  sucking,  and  so  on,  together  with  centres 
which  co-ordinate  certain  subordinate  reflexes  within  the  spinal  cord. 
It  also  contains  the  centres  wiiicli  control  respiration  and  the  move- 
ments of  the  heart,  the  vaso-motor  centre,  and  a  region  which  wlien 
stimulated  gives  rise  to  general  convulsions. 

stimulation  of  the  pons  causes  spasmodic  movements  and  pain;    its 
destruction  is  followed  by  ])aralysis — motor,  sensory,  and  vaso-motor 
In  the  cerebellum  and  quadrigeininul  bodies  lie  centres  for  co-ordinatiug 
locomotion  and  other  muscular  movements. 

The  functions  of  the  thalamus  and  of  the  nuclei  of  the  pons  are  not 
certainly  known. 

References: — TiJKCK,  Wiener  Sitzungsher.  vi.;  Duval.  Journ.  de  Vanat.  et  de 
laphysiol.  1876,  '77,  '78,  '79  and '80,  Gaz.  mid.  de  Paris  14,  1880;  Gierke,  Pflu- 
ger's  Arch.  vol.  7  (1873);  Laura,  Memorie  della  real.  acad.  di  Torino  1878-79; 
Wernicke,  Arch.  f.  Psuch.  vii.  (1877);  Stilling,  Unters.  iib.  d.  Bau  d.  klein. 
Gehirns  d.  Mtnschen  I. -ill.  Cassel  1864-1870;  Forel,  Wiener  Sitzungsher.  lxvi.  , 
(1872),  Arch.  f.  Psych,  vil.  (1877);  Gudden,  Corresp.  f.  Schweiz.  Aerzle  il.,  Arch, 
f.  Psych.  II.,  v.,  Naturforscherversammlung  in  Cassel  1883;  Schwalbe,  Lehrb.  d. 
iVeuroZogrie  Erlangeii  1881;  Wernicke,  Lehrb.  d.  Gehirnkrankh.  1881;  Flechsiq, 
Ueb.  Systemerkrank.  d.  Ruckenmarks  1872,  Plan  d.  menschliehen  Gehirnes  Leip- 
zig 1883;  Charcot,  Progres  ined.  1879,  Localization  of  cerebral  and  spinal  dis- 
eases London  (New  Syd.  Soc.)  1883;  Ross,  Diseases  of  the  nervous  system  Londoa 
1888;  Landois,  Pliysiol.  d.  Menschen  Leipzig  1881;  Landois  and  Stirling, 
Human  Physiology  London  1886;  Hermann,  Gruiidriss  d.  Physiol,  d.  Menschen 
Berlin  1882;  Ferrirr,  The  functions  of  the  brain  London  1886;  Monakow, 
Arch.  f.  Psych,  xiv.  (1883j;  Erb,  Zieinssea's  Cyclopaedia  xiii.;  Hill,  Plan  of  the 
central  nervous  system  Cambridge  1885. 

628.  The  central  nervous  system  is  enclosed  in  three  fibrous  en- 
velopes or  meninges — the  dura  mater,  the  arachnoid,  and  the  pia 
mater. 

The  dura  mater  is  a  tough  vascular  membrane  traversed  by  numer- 
ous  lymphatics.  In  the  cranium  it  is  closely  adherent  to  the  bones  of 
the  skull:  in  the  vertebral  canal  it  splits  into  two  laminae,  the  exterior 
forming  the  periosteum  of  the  bony  walls,  the  interior  loosely  surround- 
ing the  cord.     Its  gives  off  a  fibrous  dural  sheath  to  each  of  the  nerves. 

The  arachnoid  is  a  delicate  non-vascular  membrane  everywhere 
closely  applied  to  the  dura  mater,  with  only  a  capillary  space  interven- 
ing (the  subdural  space).  This  interstice  is  a  lymph-space,  which  com- 
municates with  the  adjacent  lymphatics  of  the  neck,  nose,  eye,  and  dura 
mater,  and  also  with  the  venous  sinuses  in  the  latter  (by  means  of  the 
arachnoidal  villi  or  pacchionian  bodies):  it  is  continuous  with  the  sub- 
dural spaces  within  the  dural  sheaths  of  the  nerves  (Key  and  Retzius), 
and  is  everywhere  clothed  with  endothelium. 
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The  pia  mater  is  a  delicate  highly  vascular  membrane  which  closely 
invests  the  brain  and  spinal  cord.  Between  the  pia  mater  and  the 
arachnoid  lies  the  subarachnoid  space,  whose  dimensions  vary  greatly 
with  the  varying  relations  of  the  two  membranes.  It  is  everywhere 
traversed  by  delicate  fibrous  trabeculse  or  membranous  expansions  cov- 
ered with  endothelium  (the  subarachnoid  tissue),  and  contains  a  liquid 
known  as  the  cerebrospinal  or  subarachnoid  fluid.  The  space  is  narrow 
over  the  gyri  and  wider  over  the  sulci.  It  is  wider  still  in  the  spine,  and 
at  certain  places  within  the  skull  where  it  expands  into  regular  sinuses  or 
cisterns.  Such  for  example  occur  between  the  dorsal  surface  of  the 
medulla  and  the  posterior  part  of  the  cerebellum,  in  the  interpeduncular 
space  (between  the  crura  cerebri),  in  front  of  the  optic  chiasma,  be- 
tween the  under  surface  of  the  cerebellar  hemispheres  and  the  lateral 
portions  of  the  medulla,  on  both  sides  of  the  transverse  fissure,  and  at 
the  lower  ends  of  the  sylvian  fissures. 

The  pia  mater  and  subarachnoid  tissue  send  processes  into  the  cleft 
between  the  cerebellum  and  medulla,  and  into  that  between  the  upper 
surface  of  the  cerebellum  and  corpora  quadrigemina  and  the  under  sur- 
.  face  of  the  cerebrum:  these  processes  are  continued  into  the  interior  of 
the  adjoining  ventricles  and  form  the  telas  choroideae  and  choroid 
plexuses.  Here  also  are  the  chief  channels  of  communication  between 
the  subarachnoid  cisterns  and  the  cavities  of  the  fourth  (foramen  of 
Magendie)  and  third  ventricles. 

The  subarachnoid  spaces  thus  communicate  not  only  with  each  other 
but  also  with  the  cerebral  ventricles.  The  spaces  also  communicate 
with  the  lymphatics  of  the  head,  with  the  lymph-spaces  of  the  nerves  as 
they  take  their  exit,  and  with  the  dural  venous  sinuses.  Communica- 
tion with  the  lymphatics  of  the  neck  and  of  the  nerves  takes  place  by 
means  of  the  pia  mater  (pial  sheaths)  which  surround  the  vessels  and 
nerves  as  they  enter  or  leave.  With  the  dural  sinuses  communication 
takes  place  by  means  of  the  pacchionian  bodies,  which  are  rounded  ex- 
crescences of  arachnoid  and  subarachnoid  tissue  penetrating  into  the 
dura,  and  separated  only  by  a  thin  dural  film  from  the  venous  blood  in 
the  sinuses. 

The  cerebral  blood-vessels  before  they  enter  the  brain  all  pass 
through  the  subarachnoid  space  and  the  pia  mater,  and  carry  with  them 
a  pial  sheath.  They  are  thus  even  within  the  brain  surrounded  by 
lymph-spaces,  which  are  known  as  adventitial  lymph-sheaths  (ViR- 
CHOW,  Kobin)  and  communicate  freely  with  the  pial  spaces.  The  cen- 
tral nervous  system  is  thus  not  only  surrounded  on  all  sides  by  lymph- 
spaces  but  also  traversed  in  all  directions  by  lymph-channels,  and  its 
blood-vessels  all  lie  in  lymph- sheaths. 

The  arteries  of  the  brain  are  divided  into  basal  or  ganglionic  and  cor- 
tical (Heubker,  Buret).  The  former  are  terminal  arteries,  ramifying 
in  the  basal  ganglia  and  the  internal  capsule;    the  latter  anastomose 
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freely  within  the  i)ia  mater.  The  choroid  plexuses  also  cai-ry  vessels 
into  the  interior  of  the  ventricles;  they  may  be  described  as  villous  pro- 
cesses covered  with  polygonal  epithelium  and  containing  a  multitude  of 
capillary  loops  of  large  size. 

The  vessels  of  the  cord  pass  into  the  nerve-substance  partly  from  the 
periphery,  partly  by  way  of  the  longitndinal  fissures. 

Many  authors  (such  as  His,  Roth,  etc.)  affirm  tliafc  circumvascular  and  epi- 
cerebral  lymph-spaces  exist  outside  the  adventitia  of  the  vessels  and  beneath  the 
pia  mater,  and  that  these  spaces  are  traversed  by  fine  trabecula  emerging  from 
the  brain-substance  and  passing  into  the  adventitia  of  the  vessels.  Ziegleu, 
with  Boll,  Golgi,  and  others,  makes  out  that  these  spaces,  when  they  are  met 
with  at  all,  ai'e  due  to  artificial  causes  such  as  the  hardening  of  the  brain  in  so- 
lutions of  chromic  acid  and  so  on. 

References  on  the  membranes  and  vessels  of  the  brain  and  cord: — His,  Zeit- 
schrift  f.  wissenschaft.  Zool.  xv.  (1864);  Robin,  Journ.  de  physiol.  u.  (18o9); 
RoTU,  Virch.  Arch.  vol.  46;  Axel  Key  and  G.  Retzius,  Studien  in  d.  Anatomle 
d.  Nervensi/stemes  u.  d.  Bindegewebes  i.  and  ii.  Stockholm  1875-76;  Schwalbe, 
Med.  Centralb.  30,  18G9,  Arch.  f.  mikrosk.  Anat.  vi  (1870),  Lehrb.  d.  Neurol. 
1881;  Ser,  Revue  mens uelle  II.  (1878);  Riedel,  Arch.  f.  mikrosk.  Anat.  xi.  (1875); 
Oberstein'er,  Wie7ier  Sitzunjsber.  hX.i.{\S'iO);  GoLor,  Rivista  clinica 'i^ov.  1871; 
Boll,  Arch.f.  Psych,  iv.  (1873);  Lowe,  ibid,  vii.;  Heubner,  Cent.  f.  med.  Wiss. 
1812,  Die  luetische  Erkrankung  d.  Hirnarterien  luHpzig  1874;  Duret,  Recherclies 
anatomiques  sur  la  circulation  de  I'encephale,  Arch,  de  physiol.  1874;  Ad.vmkie- 
wicz.  Die  Blutgefdsse  d  imnschlichen  Rilckenmarkes,  Wiener  Sitzungsber. 
Lxxxiv..  Lxxxv.  (1881-83),  Trans,  internal,  med.  Congress  l.  London  1881; 
Mosso,  Ueber  d.  Kreislauf  d.  Blutes  immenschlichen  Oehirnheipzig  1881;  Char- 
cot, Legonssurles  localisations  Paris  1876,  trans,  by  Hadden  (New  Syd.  Soc.) 
London  1883;  Klein  and  Noble  Smith,  Atlas  of  Histology  London  1880;  Ross, 
Brain  iii.  (1880),  Diseases  of  the  nervous  system  London  1883. 

629,  The  central  nervous  system  is  composed  of  tissue  the  normal 
performance  of  whose  functions  depends  greatly  on  the  normal  circula- 
tion of  healthy  blood  within  it. 

A  brief  obstruction  to  the  inflow  or  outflow  of  blood  is  sufficient  to 
give  rise  to  grave  disorder  of  the  nervous  functions,  and  in  like  manner 
an  excess  of  carbonic  acid  or  a  deficiency  of  oxygen  may  give  rise  to 
serious  irritation  or  paralysis  of  particular  parts.  When  such  disturb- 
ances of  circulation  or  nutrition  reach  a  certain  degree  of  gravity  they 
are  apt  to  be  followed  by  transient  or  permanent  degenerative  changes 
in  the  nervous  structures.  Such  degtiaeratioilS  form  the  basis  of  an 
important  group  of  diseases  of  the  brain  and  cord. 

In  many  acute  febrile  disorders  disturbance  of  the  cerebral  func- 
tions is  a  symptom.  This  disturbance  is  due  partly  to  over-heating  of 
the  tissues,  partly  to  disorder  of  the  circulation,  partly  to  impurities  and 
changes  in  the  composition  of  the  blood.  The  fact  that  permanent 
lesions  of  the  brain  and  cord  are  comparatively  rare  sequel®  of  such 
fevers  shows  that  nerve-substance  has  a  remarkable  power  of  resistance 
to  a  number  of  injurious  agencies,  that  in  other  words  the  brain  and 
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cord  like  other  organs  can  be  permanently  injured  only  by  agencies  of 
particular  kinds.  That  these  agencies  have  about  them  something 
special  is  made  likely  by  the  fact — that  many  poisons  when  introduced 
into  the  blood  exert  a  marked  specific  action  on  the  nerve-cells  and 
nerve-fibres,  while  others  have  no  action  whatever  on  these  structures. 

Every-day  experience  shows  that  personal  predisposition  plays  an 
unusually  important  part  in  the  genesis  of  central  nervous  diseases. 
This  predisposition  is  usually  inherited,  seldom  acquired.  According  to 
Westphal  in  50  per  cent  of  insane  patients  the  occurrence  of  disease 
of  the  central  nervous  system  in  some  blood-relation  of  the  ascending 
line  can  be  demonstrated.  It  is  not  actual  disease  which  is  thus  trans- 
mitted from  parent  to  child  but  only  a  liability  to  disease,  a  lack  of  re- 
sisting-power,  in  consequence  of  which  influences  (unable  in  a  normal 
individual  to  produce  any  abiding  disturbance)  are  capable  of  setting 
up  disorders  of  function  and  often  alterations  of  structure.  The  morbid 
iafluences  may  be  of  any  kind,  and  may  reach  the  central  nervous  system 
either  by  way  of  the  circulation  or  as  morbid  stimuli  by  way  of  the 
nerves. 

Predisposition  to  nervous  disease  is  usually  a  matter  beyond  the  scope 
of  anatomical  research,  but  cases  do  occur  in  which  the  inherited  or  at 
least  congenital  pathological  condition  manifests  itself  as  a  defect  of 
development  in  the  central  nervous  system.  In  other  words  malforma- 
tions of  the  brain  are  very  commonly  associated  with  defective  brain- 
function,  and  constitute  a  predisposition  to  further  nervous  disease. 

Inherited  and  acquired  predisposition  is  of  special  importance  in 
connection  with  diseases  of  the  central  nervous  system  that  are  chronic. 
It  has  little  to  do  with  the  genesis  of  acute  and  particularly  of  inflamma- 
tory disorders,  which  are  as  a  rule  set  up  by  irritant  matters  reaching 
the  nerve-tissues  through  the  circulation. 

A  common  source  of  bram-afEections,  especially  of  the  inflammatory 
kind,  is  disease  of  the  adjacent  structures,  such  as  the  base  of  the  skull, 
the  petrous  bone,  the  skull-cap,  the  nose  and  its  cavities,  etc.  The  con- 
tents of  the  cranium  and  vertebral  canal  are  in  communication  by 
means  of  blood-vessels  and  lymphatics  with  the  surrounding  parts, 
and  thus  inflammatory  mischief  may  invade  the  brain  and  cord  not  only 
by  direct  extension  but  also  through  the  blood  and  lymph. 

Lastly,  both  brain  and  cord  are  much  exposed  to  injury  by  traumatic 
Tiolence  of  the  most  various  kinds,  and  in  consequence  undergo  a  great 
variety  of  morbid  changes  which  are  often  extremely  grave. 


CHAPTER  XOII. 

MALFORMATIONS  OF  THE  BRAIN  AND  SPINAL   CORD. 

G30.  The  cerebrospinal  system  takes  its  origin  from  the  medullary 
tube  or  canal  formed  by  the  infolding  of  the  epiblast  along  the  medullary 
groove.  The  cells  lining  the  lumen  of  this  tube  become  the  ciliated  epi- 
thelium of  the  central  canal  and  ventricles  of  the  cord  and  brain,  the 
remaining  cells  develop  into  the  ganglion-cells  and  their  processes. 

The  rudiment  of  the  brain  appears  as  three  primary  cerebral 
vesicles,  which  are  simply  dilatations  of  the  anterior  end  of  the  medul- 
lary tube.  The  first  and  third  vesicles  each  divide  into  two,  and  thus 
five  vesicles  are  produced  from  whoo8  walls  the  various  parts  of  the  brain 
are  developed.  From  the  first  vesicle  (fore-brain  or  prosencephalon) 
are  formed  the  cerebral  hemispheres,  the  corpora  striata,  the  lenticular 
nucleus,  the  corpus  callosum,  and  the  fornix:  from  the  others,  which  are 
known  as  the  inter-brain  (thaiamencephalon),  mid-brain  (mesen- 
cephalon), liind-brain  (epenoephalon),  and  after-brain  (metencepha- 
lon),  are  derived  the  various  parts  of  the  cerebral  axis  and  its  dorsal 
stratum. 

In  the  region  of  the  after-brain  (or  medulla  oblongata)  the  medullary 
tube  never  completely  closes,  so  that  here  a  communication  with  the  in- 
terior of  the  tube  remains  open.  The  development  of  the  fore':>rain 
proceeds  rapidly,  and  the  cerebral  hemispheres  thus  produced  in  the 
human  adult  ultimately  overlie  almost  all  the  rest  of  the  brain. 

If  the  formation  of  the  medullary  tube  from  the  medullary  groove 
of  the  embryo  is  for  any  reason  interfered  with,  or  if  the  dorsal  wall  of 
the  tube  is  imperfectly  formed  or  destroyed,  the  cerebrum  and  part  of 
the  cerebral  axis  remain  undeveloped,  and  we  have  the  condition  known 
as  total  aneneephalia.  According  to  Lebedefe  the  same  result  may 
take  place  if  the  cranial  flexure  of  the  embryo  be  abnormally  sharp. 
G.  St.  Hilaire,  Forster,  and  Panum  think  that  the  absence  of  the 
brain  is  chiefly  owing  to  an  excessive  accumulation  of  liquid  in  the 
medullary  tube.  Dareste  and  Perls  on  the  other  hand  are  of  opinion 
that  aneneephalia  is  due  to  an  abnormal  pressure  of  the  head-fold  of  the 
amnion  on  the  cephalic  end  the  embryo  (Art.  7).  When  for  any  reason 
some  part  of  the  medullary  tube  is  destroyed  or  hindered  in  its  develop- 
ment the  growth  of  the  lateral  medullary  plates  does  not  entirely  cease 
(Lebedeff);  they  enlarge  and  form  a  number  of  folds  buried  in  the 
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substance  of  the  mesoblast,  and  becoming  partially  abstricted  take  the 
form  of  irregular  cysts  and  cavities.  When  the  liquor  amnii  makes  its 
appearance  the  exposed  medullary  plates  are  usually  much  damaged;  the 
underlying  mesoblast  develops  at  the  same  fime  into  the  cerebral  mem- 
branes, and  the  result  is  that  instead  of  a  brain  we  have  covering  the  base 
of  the  skull  a  mass  of  vascular  connective  tissue  containing  cystic  cavities 
and  marrow-like  remnants  of  brain-substance.  As  the  dorsal  wall  of  the 
medullary  tube  was  defective  or  absent,  the  cranial  vault  is  more  or  less 
defective  or  absent,  and  the  anencephalia  is  thus  associated  with  condi- 
tions known  as  acrania,  hemicephalus,  or  cranioschisis  (Art.  7). 

When  the  development  of  the  brain  is  only  in  part  interfered  with,  or 
when  parts  only  of  the  rudimental  structures  have  been  destroyed  in  an 
early  stage,  the  result  is  some  partial  deficiency  which  we  may  appropriately 
call  partial  anencephalia. 

The  situation,  size,  and  extent  of  such  deficiencies  may  of  course  vary 
greatly  in  different  cases,  and  give  rise  to  a  great  variety  of  brain- 
deformities.  If  the  skull  is  closed  (and  in  these  cases  it  usually  is  closed) 
the  space  left  vacant  by  the  ill-developed  brain  becomes  filled  with 
liquid,  which  gathers  either  in  the  subarachnoid  tissue  outside  the  exist- 
ing brain-mass,  or  within  it  in  one  of  its  ventricles,  or  in  both  places 
together.  The  latter  forms  have  been  described  by  Cruveilhier  as 
hydrocephalic  anencephalia. 

Cases  of  anencephalia  also  occur  in  which  more  or  less  important 
parts  of  the  base  of  the  brain  {e.  g.  the  basal  ganglia)  are  properly 
developed,  and  others  in  which  while  one  hemisphere  is  developed 
(though  perhaps  malformed)  the  other  hemisphere  is  wanting.  The 
cranial  vault  in  such  cases  may  either  be  entire,  defective,  or  distended 
as  in  hydrocephalus  (Art.  631).  When  the  vault  is  closed  the  fragments 
of  brain-substance  are  shut  off  from  the  space  filled  with  liquid  by  a 
fibrous  partition  representing  some  of  the  cerebral  membranes.  If  the 
defect  of  development  has  mainly  affected  the  anterior  part  of  the  fore- 
brain  we  have  the  malformation  known  as  synophthalmia  or  cyclopia, 
and  arhineucephalia  (Kundrat).  In  the  latter  form  the  nose  is  un- 
developed, in  the  former  the  ej^es  (Art.  7).  The  nose  sometimes  takes 
the  form  of  a  snout-like  projection  (ethmocephalia),  sometimes  it  is  a 
mere  stunted  remnant  (cebocephalia);  in  other  cases  again  there  is  a 
median  fissure  of  the  upper  lip  and  of  the  septum  of  the  nose,  or  a  single 
or  double  lateral  hare-lip  and  cleft-palate.  In  the  slightest  variety  of 
the  malformation  the  face  is  normal,  the  brow  alone  being  narrow  and 
tapering. 

In  both  synophthalmia  and  arhinencephalia  the  cerebrum  is  more  or 
less  malformed:  in  the  gravest  variety  the  brain  is  represented  by  a  mere 
pointed  vesicle.  In  slighter  cases  particular  parts  are  wanting,  such  as 
the  olfactory  nerve  and  lobe,  the  corpus  callosum,  some  of  the  convolu- 
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tions,  etc.     The  quadrigeminal  bodies  arc  often  coalesccnt.      The  optic 
chiasma  and  tracts  are  sometimes  absent,  sometimes  normal. 

Between  such  grave  defects  and  the  slightest,  involving  periiap.s 
merely  a  portion  of  one  convolution,  all  intermediate  varieties  of  mal- 
formation are  met  with. 

The  slightest  kind  of  defect  occurring  on  the  outer  surface  of  the  brain 
takes  the  form  of  shallow  depressions  or  excavations  of  the  gyri,  the 
hollows  being  lined  with  pia  mater.  When  entire  gyri  or  considerable 
portions  of  gyri  are  wanting  the  defects  appear  as  open  clefts  or  funnel- 
shaped  pits  or  perforations  extending  sometimes  to  the  walls  or  even  into 
the  interior  of  the  ventricles.  This  condition  has  been  called  porence- 
phalia (Hknschl).  The  cavities  are  lined  with  pia  mater,  which  is  dis- 
continuous only  where  they  commmunicate  with  the  cavity  of  the  ven- 
tricle. The  spaces  thus  formed  are  in  general  filled  up  with  liquid 
collected  in  the  subarachnoid  tissue,  and  are  bridged  over  and  enclosed 
by  the  arachnoid  membrane.  In  other  cases  the  adjacent  convolutions 
are  pressed  together  over  the  gap,  which  then  takes  the  form  of  a  deep 
cleft  or  interstice. 

When  the  defect  is  larger  (involving  it  may  be  a  lobe  or  more)  similar 
conditions  obtain.  The  neighboring  ventricles  are  seldom  of  normal 
size,  being  usually  more  or  less  dilated  or  showing  local  sacculations 
opposite  to  the  missing  regions.  The  surrounding  convolutions  tend  to 
be  arranged  radially  round  the  gap  as  if  puckered  and  drawn  into  it.  The 
remainder  of  the  brain  may  be  quite  normal,  but  at  times  the  convolu- 
tions are  abnormally  arranged  or  ill-developed.  The  basal  ganglia  on 
the  side  of  the  dilated  ventricles  are  flattened.  The  cranium  is  either 
normal  or  somewhat  asymmetrical.  When  the  brain  is  imperfect  the  skull 
is  usually  small,  but  in  marked  ventricular  hydrocephalus  it  is  enlarged. 

Another  variety  of  partial  anencephalia  is  the  absence  of  some  of  the 
deeper  structures  and  especially  of  the  basal  ganglia.  Thus  the  corpus 
callosum  and  fornix  may  be  wanting  or  imperfect,  and  so  likewise  may 
the  gray  commissure  of  the  third  ventricle,  the  corpora  albicantia,  the 
corpora  quadrigemina,  etc.  When  the  corpus  callosum  is  absent  the 
gyrus  fornicatus  and  gyrus  hippocampi  are  usually  absent  also,  and  some 
of  the  other  convolutions  are  frequently  irregular  in  form  or  arrange- 
ment. 

The  causation  of  partial  anencephalia  is  not  the  same  in  all  cases. 
Porencephalia  is  probably  in  many  cases  due  to  intra-uterine  disorders 
of  circulation,  hsemorrhages,  and  inflammations,  by  which  portions 
of  the  brain  already  developed  are  damaged  or  destroyed.  In  favor 
of  this  view  is  the  fact — that  the  brain-substance  and  the  membranes 
in  the  neighborhood  of  the  defect  often  show  changes  similar  to  those 
which  in  later  life  are  known  to  follow  upon  submeningeal  anaemic 
and  inflammatory  softening  (Art.  642).  Pressure  from  without  or  a 
blow   on   the   cranium   may   in   some  cases  bring   about  a  like  result. 
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In  others  internal  or  ventricular  hydrocephalus  (Art.  631)  may  disturb 
the  circulation  of  the  part  and  lead  to  its  wasting  or  disappearance. 
When  the  convolutions  about  the  defect  are  normal  it  is  probable  that 
the  destruction  took  place  at  a  time  when  the  brain  was  fairly  developed, 
say  not  later  than  the  fifth  month.  Obvious  disturbance  of  the  configura- 
tion of  the  brain  would  imply  an  earlier  date.  Occasionally  such  local 
defects  must  be  due  to  actual  failure  of  development,  or  agenesis  as  it 
might  be  called.  Deficiencies  in  the  deeper  parts  of  the  brain  are  usually 
unaccompanied  by  any  signs  of  destructive  disease;  they  would  there- 
fore seem  to  bo  due  to  primary  failure  of  development. 

The  condition  of  the  cord  corresponding  to  anencephalia  is  called 
amyelia.  Most  frequently  the  two  go  together,  and  are  accompanied 
by  defects  of  the  vertebral  arches  and  of  the  meninges  and  integuments. 
A  cleft  thus  extends  from  the  opening  in  the  cranium  down  to  the  cer- 
vical, dorsal,  or  it  may  be  to  the  sacral  region  (rhaehischisis).  Clefts 
of  the  dorsal  or  lumbar  spine  alone,  extending  through  the  skin,  are 
more  rare.  Where  the  vertebral  arches  are  absent  the  cord  is  also  want- 
ing, so  that  the  vertebral  bodies  are  covered  only  by  membranes.  Such 
defects  are  due  either  to  some  sharp  flexure  of  the  embryo,  to  imperfect 
separation  of  the  medullary  plate  from  the  superficial  or  epidermic  epi- 
blast,  or  to  dropsical  distention  of  the  medullary  tube.  Partial  defects 
of  the  cord  are  very  rare  when  the  spinal  canal  is  closed.  On  the  other 
hand  Adamkieavicz  states  that  in  80  persons  out  of  100  some  of  the  31 
pairs  of  roots  of  the  spinal  nerves  will  exhibit  more  or  less  marked 
defects,  especially  in  the  anterior  roots.  Slight  asymmetry  of  the  cord, 
chiefly  in  the  decussation  of  the  pyramids  in  the  medulla,  is  an  extremely 
common  phenomenon. 

The  term  porencaplialia  (or  porencephalus)  is  used  in  different  senses  by  dif- 
ferent writers,  some  confining  it  to  congenital  defects,  others  applying  it  to  those 
which  are  acquired  after  birth.  Many  apply  it  only  to  small  and  locahzed 
defects,  others  extend  it  so  that  it  might  imply  the  absence  of  an  entire  cerebral 
liemisphere.  It  seems  better  to  limit  its  application  to  localized  defects  that  are 
congenital  or  at  least  acquired  in  early  infancy. 

When  in  total  or  partial  anencephalia  the  motor  centres  and  tracts  are  want- 
ing, the  pyramidal  tracts  and  columns  of  the  cord  do  not  develop  (Flechsig). 
And  in  partial  failure  of  development  (agenesis)  of  the  brain  FiCK  observes  that 
the  pyramidal  tracts  are  imperfectly  differentiated,  the  medullary  sheath  of  the 
fibres  being  ill-developed. 

References  on  anencephalia  and  amj'elia: — Dareste,  Recherches  sur  la  pro- 
duction des  monstruoaiUs  Paris  1877;  Perls,  Allg.  Path.  ii.  1879;  Lebedeff, 
Virch.  Arch.  vol.  86;  Forster,  Misshildungen  d.  Menschen  Jena  1865,  Handb.  d. 
path.  Anat.  1865;  Heschl,  Prager  Vicrteljahrsschrift  1859,  '61,  '68,  Jahrb.  f. 
Kinderheilk.  xv.,  'Arch.  d.  Gesell.  f.  Aerzte  in  Wien  1878;  Kundrat,  Die  Poren- 
cephalic Graz  1883,  Die  Arhinencephalie  Graz  1883;  Klebs,  Ueber  Hydro-  u. 
Mikroanencephalie,  Oesterreich.  Jahrb.  f.  Pddiatrik  1876;  ScHtJLE,  Zeitschr.  f. 
Psych,  xxvi. ;  BlNSW ANGER,  Virch.  Arch.  vol.  87;  Wl lle,  ^rc/i.  /.  Psych,  x. 
(1880);  Chiari,  Jahrb.  f.  Kinderheilk.  xv. ;  Ahlfeld,  Die  Missbildungen  d.  Men- 
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schenn.  (1882);  Kirchhoff,  Arch.  f.  Psych,  xiii.  (1882);  Sperling,  Virch.  Arch. 
vol.  91;  RiBBERT,  ibid.  vol.  93;  de  la  Cuoix,  ibid.  vol.  97:  Heydenreich,  ibid. 
vol.  100;  Ross,  Di'^eases  of  the  nervous  system  ii.  London  1883;  Cleland,  Journ. 
of  Anat.  and  Physiol,  xir.,  xvii. 

On  absence  of  the  corpus  callosum: — Paget,  Med.  chir.  Trans,  xxix.  (1846); 
Sander,  Arch.  f.  Psych,  i.  (1868);  Jolly,  Zeits.  f.  ration.  Med.  xxxiv.  (1869); 
Huppert,  Arch,  d,  Heilk.  1871;  Malinverni,  Gaz.  delle  cliniche  1874,  London 
Med.  Record  1874. 

On  rhachischisis  see  Art.  632. 

On  defects  of  the  spinal  cord: — Froisier,  Arch,  de  physiol.  1872;  Adam- 
kiewicz,  Virch.  Arch.  vol.  88;  Lsyden,  Klinik  d.  Ruckenmarkskr.  i.  (1874;; 
Flechsio.  Ueb.  Systemerkrank.  Leipzig  1878;  Pick,  Prager  Med.  Woch.  1880; 
Ross,  Brain  v.  (1882).     See  also  Arts.  632,  637. 

631.  An  increased  quantity  of  liquid  may  collect  in  the  medullary 
tube  or  in  the  ventricles  of  the  brain  at  any  stage  of  foetal  development 
or  after  birth.  If  the  accumulation  take  place  very  early  the  develop- 
ment of  the  brain  may  be  seriously  interfered  with  (Art.  630),  its  cavities 
are  distended,  and  the  resulting  condition  is  described  as  congenital 
internal  hydrocephalus.  The  liquid  most  frequently  collects  in  the 
lateral  ventricles,  tlie  other  cavities  being  rarely  involved.  The  affection 
is  usually  bilateral,  though  it  is  sometimes  confined  to  one  side. 

At  the  time  of  birth  the  dilatation  is  sometimes  slight,  sometimes 
already  considerable,  the  cranium  being  visibly  enlarged.  It  often  in- 
creases steadily  until  it  reaches  an  enormous  size,  the  skin  is  stretched 
and  thin,  and  the  subcutaneous  veins  show  through  its  semi-transparent 
texture.  The  cranial  bones  become  widely  separated,  and  even  though 
they  grow  to  an  abnormal  size  they  do  not  keep  pace  with  the  distention 
of  the  whole.  The  fontanelles  become  larger  and  the  sutures  wider,  and 
at  times  accessory  bones  make  their  appearance  in  the  fibrous  tissues  that 
bridge  over  these  spaces. 

When  death  occurs  the  dura  mater  and  the  underlying  membranes 
are  found  stretched  to  the  utmost,  the  coavolutions  flattened  and  de- 
pressed, the  sulci  effaced.  The  brain-substance  forms  a  mere  capsule 
round  the  dilated  ventricles,  the  thickness  on  the  convexity  of  the  hemi- 
spheres being  sometimes  not  more  than  a  few  millimetres. 

The  liquid  in  the  ventricles  is  clear  and  colorless  or  pale-yellow. 
The  ependyma  is  stretched  but  not  otherwise  altered.  The  basal  ganglia 
are  flattened  out.  The  fourth  ventricle  and  the  cerebellum  are  usually 
unaltered,  though  the  former  is  sometimes  partially  dilated. 

The  above  is  the  usupI  condition  of  things:  in  some  mstances  how- 
ever the  distention  of  the  lateral  ventricles  is  less  extreme,  or  it  is  con- 
fined to  one  or  a  part  of  one  only.  Thus  one  ventricle  may  be  so 
distended  that  it  is  bounded  only  by  a  thin  film  of  membrane,  while  the 
other  is  undilated.  In  like  manner  the  fourth  ventricle  alone  may  be 
dilated.     In  these  cases  the  general  dilatation  of  the  cranium  does  not 
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take  place,  the  enlargement  of  the  ventricle  being  accompanied  by  atro- 
phy of  the  rest  of  the  brain. 

Extreme  hydrocephalus  terminates  fatally.  The  less-marked  forms 
are  compatible  with  continued  life.  But  if  the  dilatation  is  at  all  con- 
siderable the  compressed  parts  of  the  brain  undergo  partial  atrophy,  that 
is  to  say  disappearance  and  calcification  of  nerve-cells  and  nerve-fibres. 

Grreat  dilatation  of  the  fourth  ventricle  is  often  accompanied  by 
wasting  of  the  cerebellum,  pons,  and  medulla,  or  by  actual  disappearance 
of  some  parts  of  them. 

Slight  congenital  hydrocephalus,  especially  if  it  does  not  increase 
after  birth,  is  not  altogether  incompatible  with  a  subsequent  normal  de- 
velopment of  the  brain. 

The  cause  of  congenital  hydrocephalus  is  far  from  clear.  Often  no 
morbid  changes  of  an  inflammatory  kind  are  to  be  seen,  and  it  is  usually 
hard  to  demonstrate  any  impediment  to  the  outflow  of  venous  blood  from 
the  cranium.  Occasionally  however  thickenings  of  the  meninges  or  of 
the  plexuises  are  discovered,  and  these  appear  to  indicate  antecedent  in- 
flammation. The  presence  of  pus-corpuscles  in  the  hydrocephalic  liquid 
is  a  surer  indication.  Probably  in  many  cases  the  cause  is  to  be  found 
in  some  abnormal  closure  of  the  communications  between  the  ventricular 
cavities  and  the  subarachnoid  spaces.  These  have  at  least  in  some  cases 
been  found  obstructed  (Huguenin,  Ziegler).  As  moreover  in  such 
cases  the  pia  mater  over  the  transverse  fissures  at  the  base  has  been 
denser  than  usual,  it  is  possible  that  the  circulation  in  the  veins  of  Galen 
was  impeded.  In  certain  instances  hydrocephalus  seems  to  be  a  result  of 
rickets  or  of  syphilis.  When  the  skull-cavity  is  not  dilated  and  the  brain 
not  compressed,  while  the  ventricle  is  dilated,  it  appears  natural  to 
assume  that  the  cause  of  the  latter  dilatation  is  the  arrested  development 
(aplasia)  of  the  brain.  The  condition  has  been  described  as  a  dropsy  ex 
vacuo. 

In  unilateral  hydrocephsdus  the  foramen  of  Monro  has  been  found 
closed. 

An  abnormal  collection  of  liquid  in  the  subarachnoid  tissue  is  called 
meningeal  hydrocephalus.  Of  the  congenital  varieties  some  are  sim- 
ply due  to  general  failure  of  development  (agenesis.  Arts.  630,  633),  to 
local  aplasia,  or  to  some  disturbance  of  the  growth  of  the  brain:  the 
liquid  in  the  meshes  of  the  subarachnoid  tissue  fills  the  space  which 
should  have  been  occupied  by  the  brain.     The  skull  is  not  dilated. 

In  another  form  however  the  accumulation  of  liquid  is  not  preceded 
by  cerebral  atrophy  or  aplasia,  and  then  the  brain-substance  becomes 
compressed  and  the  skull  more  or  less  dilated. 

When  the  brain  develops  abnormally  and  its  growth  is  hindered, 
liquid  may  collect  in  the  subdural  space  and  so  fill  out  the  cranial 
cavity.     This  condition  is  known  as  external  hydrocephalus  (VlR- 

CHOW). 
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In  Art.  7  we  meiiLiuticd  tliat  when  luiuur  delicieucies  occur  in  the 
bony  walls  of  the  skull  tho  cranial  contents  protrude,  and  forcing  out 
the  dura  mater,  the  cniiiial  aponeurosi.s,  uud  the  sculp  take  tiic  foiiii  of 
a  rounded  tumor.  Such  a  tumor  is  called  a  cephalocele  or  hernia 
cerebri.  Three  forms  are  distinguished  according  to  their  contents. 
The  commonest  is  hydrencopiuilocele,  in  which  the  tumor  contains  a 
sacculation  of  a  ventricle  covered  with  Ijrain-suljstanee.  Encephahjcele 
and  meningocele  are  much  rarer:  in  tlie  f(jrmer  brain-substance  and  pia 
niater  only,  and  in  tiie  latter  the  pia  mater  and  arachnoid  distended  with 
liquid,  protrude  into  the  dural  sac. 

The  cause  of  hydrencephalocele  is  probably  an  antecedent  hydro- 
cephalus. In  encephalocele  and  meningocele  tliere  is  probably  some 
local  weakness  of  the  membranes  or  defect  in  the  ossilication  of  the 
cranium  (Ackermann);  in  some  cases  the  condition  may  be  due  to 
adhesions  between  the  meninges  and  the  amnion  (St.  IIilaiue). 

The  commonest  seat  of  cephalocele  is  at  the  lower  end  of  the  frontal 
suture  {hernia  sincipital  is),  and  about  the  squamous  part  of  the  occi- 
pital bone  [liernia  occipitalis).  More  rarely  it  occurs  about  the  anterior 
fontanelle,  the  squamosal  suture,  the  base  of  the  skull,  the  orbital  fissure, 
etc.     It  may  continue  to  grow  after  birth. 

References  ou  hydrocephalus  and  cephalocele: — Huguenin,  Ziemssen's  Cy- 
clopaedia xii. ;  ViRcaow,  Vireh.  Arch.  vol.  27;  GuNZ,  Jalirb.  d.  Kinderheilk.  v. 
(1862);  KOLLEU  and  Schmidt,  ibid.  vi.  (1868);  Hanel,  ibid,  (new  series)  i.;  Amyot, 
Med.  Times  1,  1869;  Dickinson,  Lancet  2,  1870;  Buttenwieser,  D.  Arch.  f.  Jdin. 
Med.  X.  (1872);  Papp  and  Neupauer,  Jahrb.  f.  Kinderheilk.  {new  series)  vii.; 
Maennel,  Jahrb.  f.  Pddiatrik  1876;  Stepfen,  Gerhardt's Handb.  d.  Kinderkr.  v.; 
ViRCHOW,  Krankh.  GeschioiUste  i.;  S.  Talko,  Virch.  Arch.  vol.  50;  Harris, 
Obstetr.  Trans,  vi.;  Henoch,  Charite-Annalen  iv.;  Bizzoli,  Bullet,  d.  scien. 
vied.  d.  Bologna  1872;  Raab,  Wien.  vied.  Woch.  1876;  J.  F.  West,  Jahrb.  f. 
Kinderheilk.  ix.  (1876);  Bauer,  ibid,  xi.;  Muhr,  Arch.  f.  Psych,  viii,;  Hewett, 
St.  Geo.  Hosp.  Rep.  1873;  Heineke,  Pitha  m.  Billroth' s  Handb.  in.;  Demme, 
Jahresber.  d.  Jenner.  Kinderspitals  Bern  1876;  SzYx^ianowski,  Langenbeck's  Arch. 
VI.;  Spring,  Monographie  dela  hernie  dii  cerveau  Brussels  1853;  G.  Reali,  Ueb. 
d.  Behand.d.  angeb.  Schddel- u.  RuckgratsbriXche  In.  Diss.  Zurich  1874;  Acker- 
mann.  Die  Schadeldifformitat  bei  d.  Encephalocele  congenita  Halle  1882. 

632.  Corresponding  to  internal  hydrocephalus  we  have  a  congested 
collection  of  liquid  in  the  central  canal  of  the  cord:  this  is  termed 
interiial  hydromyelia  or  hydrorrhachis.  The  canal  is  dilated  either 
in  j)arts  or  throughout  its  whole  length,  and  the  substance  of  the  cord  is 
accordingly  thinned  out.  Partial  dilatations  are  fusiform,  cylindrical, 
or  sacculate.  Cases  occur  in  which  comparatively  large  cavities  lined 
with  cylindrical  epithelium  are  found  in  the  region  of  the  posterior  col- 
umns, the  columns  themselves  being  ill-developed  (Arts.  637  and  650). 

When  the  dilatation  of  the  canal  is  slight  the  development  of  the 
cord  may  be  normal,  but  where  the  dilatation  is  more  marked  there  is 
15 
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always  some  thinning  of  the  nerve-substance,  and  the  posterior  columns 
especially  are  apt  to  suffer.  Extreme  localized  or  cystic  dilatation,  such 
as  in  the  cervical  region  frequently  accompanies  hydrencephalocele,  some- 
times leads  to  actual  discontinuity  of  the  cord. 

Another  vari^'ty  allied  to  the  last  takes  the  form  of  a  cystic  tumor- 
like  growth  protruding  through  the  walls  of  the  vertebral  canal  and  ap- 
pearing under  the  skin  of  the  back  or  on  the  lateral  or  anterior  aspect  of 
the  spinal  column.  This  is  known  as  myelomeningocele  or  spina 
bifida  (Art.  7). 

Lumbo  sacral  myelomeningocele  is  the  commonest  form.  The  tumor 
appears  in  the  mid-dorsal  line  immediately  above  the  sacrum  or  on  the 
lumbar  spine.  It  is  covered  with  smooth  or  shining  and  sometimes 
thinned  integument,  and  is  of  the  size  of  a  walnut  or  a  little  larger.  The 
inner  surface  of  the  cyst  is  sometimes  smooth,  sometimes  rough  with 
outgrowths  from  the  walls  :  on  the  upper  and  ventral  aspect  the  cord  is 
seen.  It  is  elongated  and,  it  may  be,  somewhat  swollen,  or  attached  by 
a  broad  base  to  the  inner  surface,  or  it  is  lost  immediately  after  it  enters, 
breaking  up  into  a  number  of  strands  which  run  in  the  wall  of  the  cyst. 

In  rare  cases  the  cyst  at  birth  is  open,  or  there  may  be  no  cyst  prop- 
erly speaking  but  merely  a  hole  in  the  skin  surrounded  by  a  raised  border 
and  leading  by  a  funnel-lilce  passage  directly  into  the  central  canal  of 
the  cord. 

The  wall  of  the  cyst  or  sack  is  formed  chiefly  of  the  sacculated  dura 
mater,  and  the  vertebral  arches  and  spinous  process  are  always  absent  at 
its  neck.  Hence  the  name — sacral  spina  bifida — sometimes  given  totiie 
malformation. 

Dorsal  and  cervical  myelomeningoceles  are  much  more  rare,  and 
usually  smaller.  The  dura  bulges  slightly  through  the  gap  in  the  series 
of  vertebral  arches,  Avhile  a  conical  or  cylindrical  process  from  the 
posterior  aspect  of  the  cord  enters  and  becomes  adherent  to  the  wall  of 
the  sack.  The  process  contains  both  gray  and  white  matter,  and 
sometimes  encloses  also  a  saccular  dilatation  of  the  central  canal. 

Lastly  there  is  a  form  of  cystic  protrusion  occurring  in  the  sacral 
region  and  involving  chiefly  or  only  the  membranes  of  the  cord:  it  is 
hence  described  as  spinal  meningocele.  A  local  accumulation  of  fluid 
takes  place  at  the  lower  part  of  the  subarachnoid  space:  the  dura  and  the 
adherent  arachnoid  are  then  forced  through  some  normal  opening 
(such  as  that  between  two  arches,  an  intervertebral  foramen,  or  the 
lumbo-sacral  hiatus)  or  through  an  abnormal  one  due  to  absence  of 
an  arch  or  part  of  a  vertebral  body,  and  thus  form  a  protuberance  on  the 
posterior,  lateral,  or  anterior  aspect  of  tile  spine.  If  the  liquid  con- 
tinues to  accumulate  the  cyst  may  attain  a  large  size.  The  filum  termi- 
nale  and  some  of  the  spinal  nerves  connect  it  with  the  cord. 

It  seems  at  first  natural  to  suppose  that  the  three  varieties  of  mal- 
formation just  described    are   due  simply  to   morbid   accumulation   of 
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liquid  in  the  central  canal,  in  other  words  to  hydromyelia  combined 
with  a  local  meningeal  dropsy:  this  view  has  been  taken  by  many 
authors  (Forster,  Aiilfeld,  and  others).  The  anatomical  characters 
presented  by  a  myelomeningocele  are  however  inconsistent  with  the  sup- 
position, and  make  it  more  probable  that  during  the  evolution  of  the 
central  nervous  system  the  medullary  tube  was  imperfectly  differentiated 
off  from  the  surface  or  epidermic  epiblast  (Ranke,  Virchow,  Tour- 
NEUX,  Martin,  Marchand,  etc.).  This  at  least  explains  the  fact  that 
the  cord  so  frequently  passes  out  witli  the  sack,  and  that  the  central 
canal  sometimes  opens  freely  into  its  cavity.  When  the  cleft  in  the 
integument  becomes  closed  over  and  the  membranes  of  the  cord  are 
developed,  liquid  collects  partly  in  the  subarachnoid  space  and  partly  in 
the  lower  end  of  the  central  canal.  It  is  however  a  question  whether  in 
some  cases  hydromyelia  alone  may  not  lead  to  myelomeningocele. 

Nothing  certain  is  known  as  to  the  causation  of  meningocele.  Per- 
haps here  too  the  malformation  depends  on  the  imperfect  differentiation 
of  the  cord-substance  from  the  epidermis. 

References: — Virchow,  Virch.  Arch.  vol.  27,  Krankh.  GescliwiXMe  i.;  Leyden, 
Virch.  Arch.  vol.  68,  Kliiiik  d.  Ruckenmarkskrankheiten  i.  Berlin  1874;  Cruveil- 
HiER,  Anat.  Pathol.  Paris  1824-1842;  Hilton,  Lanat  2,  1860;  Discussion,  Med. 
Times  and  Gaz.  2,  1858;  Rindfleisch,  Virch.  Arch,  vols,  19,  27;  Fokster, 
Missbild.  d.  Menschen  Jena  1865;  Braune,  Die  Doppelbildiiageii  und  die  angeb. 
Oe.schivulsted.  Kreuzbeingegend  Leipzig  1862;  Fleischmaxn,  Jahrb.f.  Kinderheilk. 
(new  series)  V. ;  J.  Ranke,  ibid.  xn.  (1878);  Dareste,  Product,  artific.  d.  mon- 
struosites  Paris  1877;  Tourneux  and  Martin,  Journ.  de  Vanat.  1881;  "W.  Koch, 
Mittheil.  ub.  Fragen  d.  wins.  Medicin  i.  Cassel  1881;  Ahlfeld,  Die  Missbild.  d. 
ilfensc/ieim.  Leipzig  1882;  Marchand,  Arch.f.  Gyndk.  xvii.  (1881);  Art.  Spina 
bifida,  \n  Eidenburg's  Realencyclop.  1882;  Demme,  Berichte  ub.  d.  Kinderspitals 
Berne  1883;  Erb,  Ziemssen's  Cyclop,  xiii. ;  Holmes;  Syst.  of  surgery  iii.  London 
1883  (with  references);  Humphry,  Lancet  1, 1885,  Journ.  of  Anat.  and  Physiol. 
XIX.,  XX.  (1885-1886);  Cleland,  ibid,  xvii.;  Report,  Trans.  Clin.  Soc.  xviii.  1885; 
VON  Recklinghausen,  Virch.  Arch.  vol.  105. 

633.  Particular  parts  of  the  central  nervous  system  are  irequently 
ill-developed,  and  in  consequence  remain  after  birth  abnormally  small. 
The  cerebrum  is  naturally  the  part  which  has  attracted  most  attention 
in  this  respect.  When  it  fails  to  reach  the  minimum  size  met  with 
in  healthy  persons  the  condition  is  spoken  of  as  niicrencephaiia  :  when 
the  cranium  as  a  whole  is  likewise  abnormally  small  we  have  microce- 
phalia. 

The  average  weight  of  the  adult  male  cerebrum  is  1375  grammes, 
that  of  the  female  1245.  The  minimum  weight  for  the  male  is  960 
grammes,  for  the  female  880;  the  maximum  for  the  male  1800,  and  for  the 
female  16U0  grammes.  The  brain  of  a  new-born  infant  is  about  385 
grammes,  that  of  a  two-year-old  child  1173  grammes.  The  brain  Aveight 
of  an  infant  is  therefore  very  large  relatively  to  its  body-weight,  the  pro- 
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portion  being  about  14  :  100,  while  that  of  an  adult  is  only  2.37  :  100 
(Vierordt). 

Micrencephalia  is  usually  apparent  even  at  birth,  but  it  becomes  more 
obvious  as  the  child  develops:  while  the  back  part  of  the  cranium  re- 
mains stationary  (microcephalia)  the  face  grows  apace  and  the  dispro- 
portion becomes  very  marked.  This  aplasia  of  the  brain  is  sometimes 
greater  in  one  part  than  another,  the  anterior,  lateral,  or  posterior 
region  being  in  diiferent  cases  the  most  stunted.  As  a  rule  however  all 
parts  are  abnormally  small.  The  gyri  and  sulci  are  generally  ill-devel- 
oped and  abnormal  in  their  arrangement.  The  subordinate  or  secondary 
sulci  are  usually  the  most  defective,  though  cases  occur  in  which  some 
of  the  principal  convolutions  and  fissures  are  entirely  absent.  The 
statistics  of  Vogt  and  Jensen  show  that  the  weight  of  the  brain  in 
microcephalic  patients  may  fall  to  one-third  or  one-fourth  of  the  normal. 
The  cerebellum  and  cerebral  axis  like  the  hemispheres  are  liable  to  be 
dwarfed,  though  they  are  usually  less  so  than  the  latter. 

C.  VoGT  thought  than  in  micrencephalia  we  had  an  instance  of 
atavism  or  reversion  to  an  earlier  developmental  type  in  the  Primates. 
The  later  researches  of  Aeby,  Jensen,  Klebs,  Flesch,  Virchow, 
BiNSWANGER,  and  others  have  however  shown  that  this  view  is  unten- 
able. Micrencephalia  is  an  arrest  or  rather  failure  of  development,  an 
agetiesis,  due  either  to  intrinsic  causes  or  to  injurious  influences  exerted 
on  the  embryo.  It  is  accordingly  very  commonly  found  in  association 
with  other  morbid  alterations  in  the  brain  and  other  organs,  and  is 
partly  a  consequence  and  partly  a  concomitant  of  these. 

Thus  the  micrencephalic  patient  may  also  exhibit  porencephalia  or 
ventricular  hydrocephalus.  Fibrous  thickenings  of  the  pia  mater  in 
some  cases  indicate  antecedent  inflammatory  disorder.  Often  too  there 
is  some  malformation  of  the  extremities  due  to  some  injurious  intra- 
uterine pressure;  and  premature  synostosis  of  the  cranial  sutures, 
synchondrosis  of  the  basal  bones,  and  coalescence  or  cohesion  of  the 
hemispheres  are  also  not  uncommon.  Of  these  changes  some,  e.  g. 
porencephalia,  meningeal  inflammation,  and  premature  synostosis,  must 
occasionally  be  regarded  not  as  mere  concomitants  of  the  defective  cere- 
bral development  but  as  the  primary  changes  which  have  led  to  it. 

Less  grave  results  of  defective  development  are — abnormal  smallness 
of  particular  lobes  or  gyri,  and  non-typical  arrangement  of  the  gyri 
associated  with  diminution  (or  occasionally  increase)  of  their  number. 
Thus  in  what  has  been  called  microgyria  the  surface  of  the  hemispheres 
is  thrown  into  a  multitude  of  puckered  creases  or  folds  like  those  of  a 
shirt-frill,  the  brain  as  a  whole  being  usually  malformed.  Very  fre- 
quently too  in  brains  otherwise  normal  in  size  the  arrangement  of  the 
convolutions  is  so  irregular  that  the  typical  furrows  and  fissures  that  serve 
as  our  landmarks  can  scarcely  be  recognized.     In  rare  cases  the  separa- 
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tion   of  the  lipmispheres  is  inconipleto  (Turner,  Journ.  of  Anal,  (tnd 
Physiol.  XII.  1878). 

Asymmetry  of  the  hemispheres,  affecting  either  the  anterior  or  the 
posterior  regions,  is  not  infrequently  observed.  Smulhiess  of  the  corpus 
callosum,  the  fornix,  the  thiihimi,  the  corpora  striata,  corpora  albicantia, 
olivary  bodies,  corpora  quad rigemina,  etc.  have  also  been  described.  The 
cerebollum  may  be  no  larger  than  a  walnut,  and  in  such  cases  the 
peduncles  also  are  defective. 

Abnormal  smallnessor  shortness  of  the  cord  is  known  as  iiiicroiiiye- 
]i:i  :  the  various  tracts  of  the  cord  may  likewise  be  imperfectly  de- 
veloped. 

The  causes  of  such  local  agenescs  are  sometimes  undiscoverable;  in 
other  cases  they  are  obviously  connected  with  morljid  conditions  in  other 
parts.  A  certain  amount  of  hydromyelia,  for  example,  leads  to  defective 
development  of  the  posterior  columns.  Abience  of  the  central  convolu- 
tions of  the  cortex  results  in  the  absence  or  degeneration  of  the  pyram- 
idal tracts.  Congenital  absence  of  the  cerebellum  is  accompanied  by 
absence  of  the  superior  peduncle  and  of  the  red  nucleus  (Flechsig). 

The  loss  of  any  of  the  peripheral  end-organs  (Art.  649)  results  in 
partial  or  total  atrophy  of  the  corresponding  centres  in  the  central 
nervous  system  (Gudden). 

The  posterior  columns  have  frequently  been  found  ill-developed 
(Kahler,  Pick,  Jaderholm,  Schultze),  and  the  like  is  true  of  some 
of  the  fibres  in  other  tracts  (Kahler,  Pick,  Westphal,  Flechsig, 
Furstner).  These  forms  of  aplasia  have  a  special  interest,  as  they  are 
probably  the  basis  of  a  predisposition  to  disease  of  the  cord. 

Heterotopia  is  a  peculiar  variety  of  malformation,  in  which  masses 
of  gray  matter  are  found  in  abnormal  situations.  Such  masses,  in  the 
form  of  gray  nodules,  are  now  and  then  met  with  in  the  epcndyma  of 
the  ventricles  (Virchow,  Tungel,  E.  Wagner,  Meschede),  and  in 
the  subjacent  white  layer:  they  measure  1  to  10  mm.  across  and  are 
sometimes  very  numerous.  They  have  also  been  found  in  the  middle  of 
the  centrum  ovale  (Virchow,  Mesciiede),  and  somewhat  resemble  in 
structure  the  gray^ matter  of  the  convolutions.  Nodules  of  gray  matter 
are  also  described  (Simon)  as  rising  from  the  surface  of  the  convolu- 
tions themselves  in  the  form  of  little  tumors.  Heterotopia  of  gray 
matter  also  occurs  in  the  cerebellum  (Pfleger),  and  lastly  these  mis- 
placed masses  have  been  found  in  the  white  tracts  of  the  cerebral  axis 
and  of  the  cord  (Pick,  Bra m well,  Osler). 

Most  of  those  hitherto  described  contained  ganglion-cells,  but  a  few 
rather  resembled  the  substantia  gelatinosa  of  the  cord.  In  the  cord  they 
are  doubtless  nothing  more  than  isolated  fragments  of  the  gray  matter, 
which  frequently  in  the  same  case  itself  shows  signs  of  abnormal  configu- 
ration or  arrangement. 

Hypertrophy  of  the  brain  is  rare,  though  it  has  been  observed  in 
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children  and  young  persons:  it  may  affect  the  whole  or  any  part  of  the 
organ.  It  is  due  to  excessive  developmental  growth,  probably  in  the 
last  resort  arising  from  some  abnormality  in  the  primary  rudiment  of 
the  brain.  True  acquired  hypertrophy,  not  depending  on  congenital 
causes,  has  never  been  observed. 

The  brain  and  the  cranium  are  more  or  less  enlarged  according  to 
the  extent  of  the  hypertrophy.  If  the  overgrowth  takes  place  after  the 
sutures  of  the  skull  have  closed  the  bones  in  some  places  may  be  atten- 
uated or  absorbed  under  the  continuous  pressure.  After  death  the  gyri 
are  usually  found  to  be  flattened,  the  ventricles  narrow  and  appressed, 
and  the  brain-substance  firm  and  condensed.  We  at  present  know  little 
of  the  histological  characters  of  the  tissue:  ViRCEOW  states  that  the 
principal  change  is  an  increase  of  the  neuroglia. 

The  cord  in  like  manner  is  sometimes  of  abnormal  size.  Partial 
duplication  has  been  met  with  in  persons  who  were  otherwise  normally 
developed  (Lenhosseck,  Furstn"er,  Zacher)  or  suffered  from  some 
malformation  of  the  brain. 

Oq  microcephalia  and  malformation  of  the  convolutions: — Virchow,  Gesamm 
Abhancll.  1856;  C.  VoGT,  Arch.  f.  Anthropol.  ii.  (1887);  Aeby,  ibid,  vi.,  vii 
(1874),  Ueb.  d.  Verhdltniss  d.  Mikrocephalie  z.  Atavismus  Stuttgart  1878,  Vireh 
Arch.  vol.  77;  RoHON,  Arbeit,  a.  d.  zool.  Inst,  zu  Wien  ii.;  Wille,  Arch.  f. 
Psych.  X.;  Flesch,  Verhandl.  d.  phys.-med.  Gesell.  zu  WiXrzburg  ^riw.  {1^1^), 
Festschr.  z.  Jubil.  d.  Universitdt  Wilrzburg  1882;  Virchow,  Berl.  Min.  Woch 
1877,  Verhandl.  d.  Berlin,  anthrop.  Gesell.  1878;  Jensen,  Arch.  f.  Psych,  x. 
Hadlich,  ibid.;  Sander,  ibid.  i.  (1870);  Klebs,  Sitzungsber.  d.  phys.-med.  Gesell 
zu  Wurzburg  1873;  Schuttleworth,  Journ.  of  mental  science  Oct.  1878;  BlNS- 
WANGER,  Firc/i.  Arch.  vol.  87;  Retzius,  Hofmann  und  Schwalbe's  Jahresber.  1878; 
Chiari,  Jahrb.  f.  Kinderheilk.  xiv. 

O a  aplasia  of  the  cerebellum  and  cord: — Meynert,  Med.  Jahrb.  d.  Gesell.  f. 
Aerzte  7ienna  1864;  Pierret,  Arch,  de  physiol.  iv.  (1871-72);  Fischer,  Arch.  f. 
Psych.  Y. ;  Huppert,  ibid.  vii. ;  Kahler  and  Pick,  Prag.  Zeitschr.  f.  Heilk.  ii. 
(1881),  Berl.  Min.  Woch.  1879;  Jaderholm,  Nord.  med.  Arkivi.;  A.  Pick,  Prag. 
vied.  Woch.  1880;  Flechsig,  Ueb.  Systemerkrankungen  Leipzig  1878. 

On  heterotopia  of  gray  matter,  hypertrophy  of  the  brain,  and  duplication  of 
the  cord: — Virchow,  Krankh.  Geschwiilste  lil.,  Virch.  Arch.  vol.  33;  Meschede, 
Allg.  Zeitschr.  f.  Psych,  xxi.,  Virch.  Arch.  vol.  56;  E.  Wagner,  Arch.  d.  Heilk. 
1861;  TtJNGEL,  Virch.  Arch.  vol.  16;  Pick,  Prag.  med.  PFoc7i..l881,  Arch.  f.  Psych. 
vm.;  Merkel,  Virch.  Arch.  vol.  38;  Simon,  ibid.  vol.  58;  Scoda,  Allg.  Wien. 
med.  Zeitung  1859;  Gelmo,  Jahrb.  f.  Kinderheilk.  iv.  (1860);  Steiner  and  Neu- 
REUTTER,  Prag.  Vierteljahrsschr.  xx.  (1863);  Pfleger,  Cent.f.  med.  Wiss.  1880; 
Bramwell,  Diseases  of  the  spinal  cord  Edinburgh  1884;  Lenhosseck,  Woch.  d. 
Zeitschr.  Wien.  Aerzte  1858;  FtJRSXNER  and  Zacher,  Arch.  f.  Psych,  xii.;  Osler, 
Journ.  of  Anat.  and  Physiol,  xv.  1881  (so-called  medullary  neuroma). 

Virchow  {Gesamm.  Abhandl.  1856)  found  in  a  child  3  years  old  a  brain  weigh- 
ing 1911  grammes,  in  another  of  13  the  brain  weighed  1732.  Landouzy  (Gas;. 
med.  de  Paris  1874)  describes  a  brain  of  1590  grammes  in  a  boy  of  10,  and  Zieg- 
liER  has  recorded  one  of  1857  grammes  in  a  young  woman  of  20. 

634.     All  the  malformations  of  the  brain  above  described,  when  they 
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are  not  incompatible  witli  life  and  growth,  ^ve  rise  to  more  or  less  grave 
disorder  of  its  functions.  Where  the  malformation  is  great  mental  de- 
velopment fails,  and  a  condition  of  idiocy  is  the  result.  There  is  liow- 
ever  no  one  variety  of  nialfonnalion  which  can  be  assigned  as  the  anatom- 
ical basis  of  idiocy;  there  is  in  other  words  no  special  *  idiotic  brain.* 
General  arrest  of  development,  dropsical  dilatation  of  the  ventricles, 
local  defects  or  imperfections,  all  may  result  in  idiocy.  In  other 
instances  idiocy  may  accompany  very  slight  and  apparently  unimportant 
abnormalities,  such  as  heterotopia  of  gray  matter,  absence  or  smallness 
of  the  corpora  albicantia,  corpus  callosum,  fornix,  thalamus,  optic 
nerves,  corpus  striatum,  pineal  body,  or  olivary  body,  irregularity  of  the 
gyri,  asymmetry  of  the  hemispheres,  etc.:  or  the  brain  may  be  so  far  as 
we  can  see  perfectly  normal,  or  hypertrophic  through  increase  of  the 
neuroglia.  Lastly,  ischtemic  and  inflammatory  destructive  processes 
affecting  the  cortex  sometimes  induce  idiocy.  On  the  other  hand  grave 
malformations  such  as  we  have  just  mentioned,  and  even  others  appar- 
ently more  serious,  have  existed  without  giving  during  life  any  func- 
tional evidence  of  their  presence. 

In  cretinism  as  in  sporadic  idiocy  no  special  and  characteristic  defect 
of  the  brain  can  be  demonstrated. 

Cretinism  is  as  we  have  seen  (Art.  G23  a)  a  disorder  of  development 
occasioned  by  some  unknown  miasmatic  influence,  and  manifested  in  the 
imperfect  growth  of  the  skeleton  and  the  disproportionate  size  of  the 
soft  parts.  Idiocy  more  or  less  pronounced  is  a  frequent  though  not  in- 
variable symptom,  but  malformation  of  the  brain  is  not  more  general  or 
constant  than  in  idiocy  without  cretinism. 

Benedikt  some  time  ago  asserted  that  in  criminals  certain  pecu- 
liarities of  the  configuration  of  the  cerebral  surface  were  constantly  met 
with,  and  inferred  that  criminals  were  practically  to  be  regarded  as  an 
anthropological  variety  of  the  race.  Their  brains  resemble  in  some 
points  those  of  lower  animals,  and  were  characterized  by  a  tendency  of 
the  sulci  to  run  one  into  the  other,  so  that  they  were  continuous  at  points 
where  in  normal  brains  they  would  be  bridged  over  or  interrupted  by 
convolutions.  This  hypothesis  is  however  untenable.  Apart  from  the 
difficulty  of  settling  the  definition  of  the  term  criminal,  investigation 
has  shown  that  Benedikt's  anomaly  of  the  sulci  occurs  in  persons  who 
have  never  committed  crime  or  come  under  the  criminal  law  (Barde- 
leben). 

The  like  holds  for  the  anomalies  and  malformations  of  the  brain 
found  in  certain  insane  and  epileptic  patients.  They  are  none  of 
them  peculiar  or  pathognomonic  of  nervous  or  mental  disease,  inasmuch 
as  they  also  occur  in  persons  whose  mental  functions  are  perfectly  nor- 
mal. All  we  can  say  is — that  anomalies  of  brain-structure,  both  grave 
and  trifling,  are  more  frequent  in  persons  who  exhibit  mental  peculiari- 
ties or  defects  than  in  those  whose  minds  are  normal.     Thus  heterotopia 


936  THE   CENl'EAL   NEEVOTJS    SYSTEM. 

of  gray  matter  has  been  met  with  chiefly  in  lunatics,  idiots,  and  epilep- 
tics; and  in  progressive  paralysis  (of  the  insane)  various  malformations 
of  the  brain  are  frequent  in  addition  to  the  usual  cortical  changes  char- 
acteristic of  the  disease  (Art.  G56). 

Deficiency  existing  in  places  where  according  to  our  experience  the 
centres  governing  certain  specific  functions  are  usually  situate,  or 
through  which  certain  conducting  paths  usually  pass,  as  a  rule  implies  a 
like  deficiency  in  the  corresponding  mental  or  other  function,  such  as 
total  or  partial  sensory  or  motor  paralysis,  and  so  on. 

References: — Virchow,  Gesamm.  Abhandl.  1856;  Klebs,  Stud.ub.d.  Verbreit. 
d.  Cretinismus  in  Oesterreich  Prague  1877;  Benedikt,  Anat.  Stud.  anVerbrecherge- 
hirnen  Vienna  1879,  Cent.  f.  med.  Wiss.  1880;  Flesch,  Sitzungsber.  d.  phys.-med. 
Oesell.  zu  Wurzburg  1881,  Unters.  m&.  Fer&?'ec7iergre7iirree  Wtirzburg  1882;  Bar- 
DELEBEN,  Deut.  med.  Wocli.  1883;  Petrina,  Zeitschr.  f.  Heilk.  li.;  Binswanger, 
Virch.  Arch.  vol.  87;  Harvouet,  Arch,  dephysiol.  iv.  1884. 


CHAPTER  XOIIL 

DISORDERS    OF  CIRCULATION. 

635.  The  quantity  of  blood  contained  in  the  vessels  of  the  cerebro- 
spinal system  is  subject  to  very  considerable  physiological  variations.  It 
is  greater  when  the  system  is  functionally  active  than  when  it  is  at  rest: 
the  pulsations  of  the  basilar  arteries  give  rise  to  a  pulsatile  movement  of 
the  convexity  of  the  brain,  and  its  surface  likewise  rises  during  expira- 
tion and  sinks  during  inspiration.  Local  hyperaemia  of  a  particular 
region  causes  an  efflux  to  other  parts  of  the  lymph  from  the  circumvas- 
cular  channels  and  of  cerebrospinal  liquid  from  the  subarachnoid 
spaces  and  from  the  ventricles.  When  hypersemia  is  general  space  is 
found  for  the  excess  of  blood  by  the  efflux  of  cerebrospinal  liquid  into 
the  lymphatics  of  the  head,  neck,  and  trunk,  and  into  the  venous 
sinuses  of  the  dura  mater. 

Morbid  congestion  or  arterial  hyperaemia  of  the  brain  and  cord  is 
occasioned  when  the  activity  of  the  heart  is  greatly  and  abnormally  in- 
creased, or  when  the  resistance  to  dilatation  of  the  afferent  arteries  or  of 
the  arterioles  of  the  meninges  and  nerve-substance  is  morbidly  dimin- 
ished.    In  the  latter  case  the  hypersemia  may  remain  local. 

Passive  hyperaemia  or  engorgement  takes  place  when  the  return  of 
venous  blood  from  the  cranial  cavity  and  the  spinal  canal  is  checked,  as 
it  is  for  instance  in  certain  diseases  of  the  heart  and  lungs.  Local  en- 
gorgement may  be  due  to  intracranial  thrombosis,  or  to  tumors,  exuda- 
tions, etc.  passing  upon  the  veins. 

Venous  engorgement  of  the  brain  or  cord  is  most  apparent  in  the 
meninges,  whose  vessels  are  more  or  less  distended  with  blood,  and  owing 
to  the  transparency  of  the  membranes  can  be  followed  to  their  minutest 
ramifications.  The  meninges  have  but  few  capillaries,  and  hence  the 
injection  of  the  venules  is  most  marked,  though  a  few  of  the  arterioles 
are  also  distended.  It  must  however  be  kept  in  mind  that  the  appear- 
ances after  death  are  far  from  representing  exactly  the  conditions  that 
prevailed  during  life:  as  soon  as  death  takes  place  the  blood  is  in  a 
measure  free  to  pass  out  of  the  cranium  and  the  vertebral  canal,  while 
that  which  remains  tends  to  sink  to  the  parts  that  are  most  dependent. 

Hyperaemia  of  the  white  matter  is  recognizable  post  mortem  only  by 
the  distention  of  the  small  veins:  on  section  they  allow  their  contents  to 
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exude  as  variouslj'-sized  drops  of  blood.  A  general  reddening  of  the 
tissue  from  dilatation  of  the  capillaries  is  very  uncommon,  owing  to  the 
fact  that  the  coagulation  or  post-mortem  rigidity  of  the  white  matter 
squeezes  most  of  their  contents  out  of  the  capillaries,  while  the  non- 
transparent  nature  of  the  coagulated  white  matter  prevents  the  red  tint 
from  shining  through. 

In  the  gray  matter  the  minuter  venules  and  capillaries  may  remain 
filled  with  blood,  the  latter  giving  rise  to  a  diffuse  or  mottled  reddening 
of  the  tissue. 

AnaBiuia  of  the  central  nervous  system  is  manifested  by  the  empti- 
ness of  the  arterioles  and  venules  of  the  pia  mater,  and  the  pallor  of 
the  gray  matter.  The  white  matter  on  section  shows  few  or  no  drops  of 
blood  on  its  surface.  This  ansemia  of  brain  and  cord  may  be  part  of  a 
general  aneemia,  or  may  be  due  to  a  morbid  congestion  of  other  organs 
or  parts  of  the  body  (collateral  ansemia).  Or  again  it  may  result  from 
spasmodic  contraction,  thickening,  or  other  obstruction  in  the  afferent 
arteries,  or  to  changes  within  the  cranium  and  vertebral  canal  which 
interfere  with  the  entrance  of  blood,  e.  g.  changes  which  diminish  the 
space  within  these  bony  cavities,  such  as  subarachnoid  effusion,  dropsy 
of  the  ventricles,  tumors,  haemorrhages  beneath  the  dura  mater,  and 
so  on. 

Anaemia  of  the  brain  and  cord  is  general  or  local  according  to  the 
inducing  condition.  Local  aneemia  may  for  instance  be  caused  by  clo- 
sure of  a  branch  of  the  sylvian  artery  (middle  cerebral),  or  by  the  pres- 
sure on  the  cord  of  a  dislocated  vertebra  or  a  tumor  of  the  dura  mater. 

References :^Marshall  Hall,  The  nervous  system  and  its  diseases  London 
1836;  MuNK,  Reicherfs  Arch.  1853;  Reynolds  and  Bastian,  Reynold's  System  of 
med.  II.  London  1868;  Leyden,  Ueb.  Hirndruck  u.  Hirnbewegungen,  Virch.  Arch. 
vol.  37;  F.  Jolly,  Untersuch.  iib.  d.  Gehirndruck  u.  d.  Bliitbewegung  im  Sehddel 
"Wurzburg  1871;  E.  Pagenstecher,  Exp.  Studien  iib.  Gehirndruck  Heidelberg 
1871;  Althann,  Beitrdge  z.  Physiol,  u.  Pathol,  d.  Circulation  Dorpat  1871; 
ACKERMANN,  Virch.  Arcli.  vol.  15;  Nothnagel,  Ziemssen's  Cyclnpcedia  xii. ; 
Landois,  Cent.  f.  med.  Wiss.  1867;  'Kos,'S>o,  Kreislauf  d.  Blutes  i m  Gehirn 'Leipzig 
1881;  MoxoN,  Lancet  1,  1881;  Ross,  Diseases  of  the  nervous  system  ii.  London 
1883;  Adamkiewicz.  Wiener  Sitzungsber.  Lxxxviii.  1883;  Obersteiner,  Brain 
vn.  1884. 

636.  The  brain  and  spinal  cord  are  especially  liable  to  haBmorrhage, 
both  by  diapedesis  and  by  rupture  (Art.  27).  In  simple  congestive 
hyperemia  some  amount  of  capillary  bleeding  is  not  uncommon,  and 
such  bleeding  is  an  almost  invariable  accompaniment  of  acute  inflamma- 
tory disorder  of  the  brain.  In  both  cases  the  extravasations  appear  as 
round  or  oval  specks  of  the  size  of  a  pea  or  smaller,  often  mottling  the 
cut  surface  in  a  remarkable  way.  The  extravasated  blood  lies  partly  in 
the  brain-tissue,  partly  in  the  sheaths  of  the  vessels.     In  the  latter 
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position  the  small  collections  of  blood  arc  olteu  described  as  miliary  di&- 
secting  aneurysms. 

in  pya3mic  encephalitis  bacteria  arc  sometimes  to  be  seen  in  the  ves- 
sels, and  look  as  if  tlicy  gave  rise  to  capillary  ha^nnorrliagc  i>artly  by 
obstructing  and  partly  by  destroying  the  walls  of  the  vessels.  In  other 
cases  the  capillaries  have  undergone  fatty  degeneration. 

When  the  arteries  are  obliterated  by  sclerotic  thickening  of  the 
intima,  by  thrombosis,  or  by  embolism,  the  ha3morrliages  are  not  usually 
very  extensive;  these  changes  more  frequently  give  rise  to  a  number  of 
small  isolated  patciics  of  extravasation. 

Extreme  venous  engorgement,  due  for  example  to  obstruction  of  the 
jugular  veins  or  thrombosis  of  a  sinus  in  the  dura  mater,  frequently  gives 
rise  to  capillary  and  venous  haemorrhages  situated  chiefly  in  the  pia 
mater  and  the  ependyma  of  the  ventricles.  In  the  former  situation 
they  are  are  sometimes  so  massive  that  the  subarachnoid  and  subpial 
spaces  are  largely  filled  with  blood.  Engorgement  within  the  brain,  such 
as  results  from  large  turners  or  old  extravasations,  usually  leads  to  the 
formation  of  numerous  small  circumscribed  patches,  lying  around  the 
capillaries  and  small  veins  either  in  the  sheaths  of  the  vessels  or  in  the 
nerve- substance  itself. 

Wounds,  compressions,  contusions,  and  concussions  of  the  brain  and 
cord  due  to  traumatic  violence  give  rise  to  bleeding  whose  extent  is  of 
course  dependent  on  the  number  and  magnitude  of  the  ruptured  vessels. 

Extensive  spontaneous  hsemorrhage  (apoplexy)  results  from  the 
rupture  of  an  artery,  and  that  only  takes  place  when  the  arterial  wall 
has  from  degenerative  or  inflammatory  change  lost  its  normal  power  of 
resistance  (Arts.  297-300).  Aneurysmal  dilatation  (Art.  3u3)  usually 
though  by  no  means  always  precedes  rupture.  Increased  pressure  within 
the  arteries  (so-called  Hiigh  tension^),  such  as  generally  accompanies 
the  hypertrophied  heart  and  contracted  kidney  of  chronic  nephritis  or 
arteriosclerosis,  is  apt  to  lead  to  the  rupture  of  diseased  vessels,  but  not 
of  healthy  ones. 

Spontaneous  arterial  hsemorrhage  takes  place  most  frequently  in  and 
about  the  region  of  the  basal  ganglia  and  the  internal  capsule.  It  is  less 
common  about  the  pons,  crura,  cerebellum,  and  centrum  ovale.  It  is 
least  common  on  the  convexity  of  the  hemispheres. 

This  inequality  of  distribution  depends  on  the  fact  that  the  arteries 
of  the  base  are  subject  to  a  higher  blood-pressure  than  the  smaller  ves- 
sels which  pass  from  the  arterial  network  of  the  pia  mater  i^to  the  gray 
matter  of  the  cortex.  This  is  especially  true  of  the  branches  of  the 
sylvian  artery  which  supply  the  basal  ganglia  and  the  internal  capsule. 

Arterial  haemorrhage  results  in  disintegration  of  the  nerve-tissue  and 
ganglia  over  a  more  or  less  extensive  area,  and  in  compression  of  the 
parts  surrounding  the  area.  Only  in  the  smallest  capillary  hemorrhages 
can  the  nerve-tissue  escape,  and  then  it  is  simply  compressed  by  accumu- 
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lation  of  blood  in  the  circumvascular  sheaths.  Rupture  of  the  smallest 
arteries  produces  liaBtnorrhagic  foci  varying  from  the  size  of  a  pea  to  that 
of  a  hazel-nut;  in  the  case  of  the  larger  branches  rupture  may  destroy 
entire  segments  of  brain-tissue,  such  as  the  greater  part  of  the  basal 
ganglia  of  one  side,  together  with  part  of  the  contiguous  white  sub- 
stance, or  the  whole  white  centre  of  one  occipital  lobe. 

A  recent  hgemorrhagic  patch  forms  a  soft  dark-red  coagulated  or 
pulpy  mass,  containing  fragments  of  disintegrated  nerve-tissue.  When 
the  hasmorrhage  is  large  the  remainder  of  the  brain  is  anaemic,  the  con- 
volutions more  or  less  flattened  by  pressure,  and  the  furrows  effaced. 
Round  the  chief  focus  lie  a  varying  number  of  smaller  foci  mottling  the 
cut  surface,  and  due  to  the  disturbance  of  the  circulation  set  up  by  the 
primary  haemorrhage.  If  the  rupture  takes  place  in  the  neighborhood 
of  a  ventricle,  blood  may  pass  into  its  cavity  and  thence  through  the 
transverse  fissures  into  the  subarachnoid  space. 

Blood  extravasated  into  the  cortex  is  apt  to  collect  beneath  the  pia 
mater  and  may  also  penetrate  to  the  subarachnoid  space,  in  heemor- 
rhage  from  meningeal  arteries  these  spaces  are  naturally  the  main  seat 
of  extravasation,  the  brain-substance  being  affected  only  in  a  secondary 
manner.  When  the  arachnoid  membrane  is  ruptured  we  have  also  sub- 
dural accumulations  of  blood. 

As  coagulation  takes  place,  the  hgemorrhagic  mass  contracts  and  the 
watery  portions  of  the  blood  are  in  part  removed  by  means  of  the  blood- 
vessels and  lymphatics.     The  initial  compression  of  surrounding  parts  is 
thus  gradually  diminished  and  at  length  ceases.     At  the  same  time  the 
clot  changes  color  and  becomes  reddish-brown.     Presently  some  of  the 
coloring-matter  (hsemoglobin)  is  absorbed,  tinging  with  yellow  the  parts 
,around.     At  length  the  whole  mass  disintegrates  (Art.  68),  the  detritus 
is  in  course  of  time  absorbed  (Arts.  638,  642),  and  the  space  so  vacated 
as  filled  up  either  by  exuded  liquid  or  by  the  contraction  and  falling 
together  of  its  walls.     In  the  latter  case  a  corresponding  dilatation  of 
the  subarachnoid  space  or  of  the  ventricles  must  take  place.     When  the 
space  is  filled  with  liquid  we  have  what  is  called  an  apoplectic  cyst, 
when  the  space  is  effaced  by  contraction  of  its  walls  we  have  an  apoplec- 
tic cicatrix.  In  either  case  there  is  usually  some  thickening  and  indura- 
tion of  the  walls  (Art.  639),  which  are  stained  of  a  yellow,  brownish-red, 
•or  brown  color,  while  some  of  the  pigment  derived  from  the  extravasated 
blood  remains  unabsorbed  as  brown  flakes  and  granules  of  ferric  hydrate, 
with  perhap's  a  few  particles  or  crystals  of  hasmatoidin.     The  induration 
is  due  partly  to  fibrous  hyperplasia  of  the  sheaths  of  the  blood-vessels, 
(partly  to  proliferation  of  the  neuroglia. 

When  the  haemorrhage  is  small  and  confined  to  -the  sheaths  of  the 
vessels,  and  so  does  not  involve  any  destruction  of  nerve-tissue,  the  pro- 
ducts of  disintegration  of  the  extravasated  blood  are  for  the  most  part 
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carried  off  by  the  circumvascular  lymphatics,  though  granules  of  pig- 
ment frequently  lie  for  a  long  time  embedded  in  the  adventitial  sheaths. 

Our  knowledge  of  the  genesis  and  history  of  spontaneous  haemorrhage  in  the 
brain  is  laigely  due  to  Chakcot (Les  maladies  des  vieillards  Paris  1867,  Diseases  of 
old  age  (New  Syd.  Soc)  London  1881).  He  affirms  that  small  or  miliary 
aneurysms  (described  by  ViRCHOW  in  Virch.  Arch.  vol.  3;  see  also  Boucuakij, 
Paiholvgu  of  cerebral  luzniorr'hage  London  1872)  are  always  present,  and  some- 
times in  great  numbers,  in  cases  of  arterial  ha;morrhage.  The}'  are  due  bethinks 
to  periarteritis,  wliich  leads  to  infiltration  and  thickening  of  tlie  adventitial  and 
piai  sheaths,  and  to  atrophy  of  the  muscular  coat,  Tlie  autlior  finds  that  Charcot's 
statement  applies  only  to  a  certain  number  of  cerebral  and  spinal  haemorrhages. 
The  aneurysmal  dilatation  does  not  always  precede  rupture:  and  as  to  the  cause 
of  the  dilatation  lie  agrees  with  Zenker  {Naturforscherversammlung  in  Leipzig 
1872),  ElCHLER(D.  Arch.  f.  Idin.  Med.  xxii.),  Coasts,  {Trans,  internat.  vied,  con- 
gress I.  London  1881),  LowENFELD  {Arbeiten  aus  dem  x)athologischen  Inslitut  za 
Miinchen  1880).  and  others,  that  it  may  be  due  to  atheromatous  degeneration,  or 
even  to  primary  degeneration  of  the  muscularis  alone.  This  last  is  not  always  of 
an  amyloid  nature,  as  Roth  maintained  (Corresp.  f.  Schweizer  Aerzte  1874);  at 
least  caces  occur  in  which  the  muscular  fibres  are  either  simply  absent  or  exhibit 
a  fatty  or  hyaline  change  which  gives  no  iodine-reaction  (Paget,  Surg.  Path. 
London  1863).  The  accumulation  of  cells  and  the  fibrous  thickenings  in  the 
sheaths  of  the  vessels  described  by  Charcot  are  doubtless  in  some  instances  of  a 
secondary  nature.    See  Chaelewood  Turner,  Trans.  Path.  Soc.  xxxv.  1884. 

The  '  miliary  dissecting  aneurysms '  (first  described  by  Kolliker  in  1849) 
are  most  frequently  met  with  in  cases  of  acute  inflammatory  congestion.  The 
term  is  strictly-speaking  incorrect,  inasmuch  as  the  blood  does  not  collect  between 
the  media  and  the  adventitia  (Art.  309),  but  between  the  vessel-wall  and  the 
pial  sheath. 

Both  ruptured  and  unruptured  aneurysms  of  the  cerebral  vessels  may  be  filled 
up  with  white  or  laminated  clot  and  so  become  obliterated. 

637.  (Edema  of  the  brain  and  cord  is  characterized  chiefly  by 
abnormal  moistness  of  the  gray  and  white  matter,  so  that  it  has  a 
glistening  appearance  on  section.  Owing  to  the  peculiar  structure  of  the 
central  nervous  system  the  dropsical  liquid  accumulates  not  so  much  in 
the  parenchyma  of  the  nerve-tissue  itself  as  in  the  wide  lymph-spaces 
which  it  contains.  These  are  chiefly  the  pial  sheaths  of  the  vessels,  the 
ventricles,  the  central  canal  of  the  cord,  and  the  subarachnoid  and  pial 
spaces.  We  thus  distinguish  oedema  of  the  nerve-tissue  from  oedema  of 
the  pial  sheaths  of  the  vessels,  of  the  membranes  {hyih'ops  meningeus), 
of  the  ventricles  {hydrops  ventriculorum  or  hydroceplialus  internus), 
and  of  the  central  canal  {liydromyelia).  In  dropsy  of  the  sheaths  of  the 
vessels  the  circumvascular  lymph-spaces  are  distended  with  liquid,  so 
that  the  vessels  appear  insulated  as  they  run  through  the  tissue.  Some- 
times small  cysts  are  thus  formed  (Schlesingee)  with  a  vessel  running 
axially  through  them. 

In  oedema  of  the  membranes  there  is  always  an  increase  of  the  sub- 
arachnoid liquid,  more  rarely  of  that  in  the  subdural  space  {hydrocephalus 
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externus).  Over  the  surface  of  the  brain  the  sulci  appear  somewhat 
widened  out.  This  change  sometimes  extends  over  the  whole  brain  and 
cord,  sometimes  is  limited  to  a  particular  region:  in  the  latter  case  the 
boundary  of  the  dropsical  part  is  indefinite  or  it  is  so  sharply  defined 
that  the  distended  subarachnoid  and  pial  spaces  resemble  cysts  (cystic  or 
vesicular  oedema).  These  dilatations  are  met  with  both  on  the  surface 
and  in  connection  with  the  processes  of  the  pia  mater  which  lie  inside 
the  ventricles,  namely  the  telse  choroidege  and  their  plexuses.  The  latter 
especially  sometimes  carry  cysts  of  the  size  of  a  bean  or  larger  and  filled 
with  clear  liquid.  The  cyst-walls  consist  of  vascular  connective  tissue 
covered  externally  with  flat  polygonal  epithelium  and  internally  with 
endothelium.  The  cavity  of  the  cyst  is  often  traversed  by  vessels  and 
delicate  fibrous  bands.  Small  cysts  of  this  kind  are  of  no  great  impor- 
tance, but  the  larger  ones  may  cause  serious  compression  of  the  brain 
and  lead  to  disturbance  of  its  functions. 

Ventricular  dropsy  implies  the  distention  and  dilatation  of  one  or  all 
the  ventricular  cavities:  hydromyelia  leads  to  cylindrical,  fusiform,  glob- 
ular, or  m.ore  rarely  saccular  dilatations  of  the  central  canal. 

The  causation  of  accumulations  of  liquid  within  the  central  nervous 
structure  is  not  entirely  the  same  as  that  of  dropsy  in  other  organs:  to  a 
certain  extent  they  are  of  a  peculiar  nature,  and  to  understand  them  we 
must  somewhat  widen  our  notion  of  what  dropsy  implies. 

An  oedema  of  engorgement  may  take  place  over  say  the  whole  of 
the  brain  whe&ever  the  outflow  of  venous  blood  from  the  cranial  cavity 
is  impeded.  This  occurs  suddenly  when  the  heart  is  paralyzed,  as  in 
some  cases  of  typhoid  (Buhl,  Krapelin"),  when  the  veins  of  the  dura 
mater  are  occluded  by  thrombosis,  etc.  Chronic  disease  of  the  heart  or 
lungs  impeding  the  circulation  will  in  like  manner  give  rise  to  chronic 
03dema.  Acute  engorgement  usually  leads  to  accumulation  of  liquid  in 
the  parenchyma  of  the  brain  as  well  as  in  the  subarachnoid  tissue, 
chronic  engorgement  usually  in  the  latter  only  or  chiefly. 

Local  oedema  of  engorgement  is  very  common  round  about  hasmor- 
rhagic  foci,  tumors,  localized  venous  thromboses,  etc.  When  by  reason 
of  a  tumor  or  of  inflammatory  change  the  outflow  of  blood  from  the 
choroid  plexuses  is  impeded,  and  the  outflow  of  cerebrospinal  liquid 
from  the  ventricles  and  central  canal  is  at  the  same  time  checked, 
liquid  will  accumulate  to  a  greater  or  less  extent  in  these  cavities 
and  distend  them.  According  to  LAWGHAisrs  fusiform  and  even 
saccular  dilatations  of  the  central  canal  are  sometimes  produced  by  this 
cause;  they  project  into  the  posterior  longitudinal  fissure  of  the  cord 
and  usually  take  a  downward  direction.  He  also  states  that  clefts  or 
spaces  containing  effused  liquid  occasionally  appear  in  the  gray  matter  of 
the  posterior  commissure  and  of  the  anterior  and  posterior  horns;  these 
may  fitly  be  described  as  dropsical  lacunae. 
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The  so-called  hydrtemic  dropsy  occurs  chiefly  in  connection  with 
nopliritis,  and  affects  the  brain-substance  as  well  as  the  membranes. 

Inflammatory  oedema  is  set  up  within  the  substance  of  the  brain 
and  Curd  in  tlie  noigiiborhood  of  foci  of  inflammation,  sometimes  also 
around  tumors  and  patches  of  softening.  In  the  membranes  it  may  be 
the  chief  symptom  of  a  slight  meningitis,  though  it  accompanies  almost 
every  form  of  localized  disease  of  the  superficial  parts  of  the  central 
nervous  system.  In  the  ventricles  and  central  canal  it  results  from  in- 
llammatory  changes  in  the  vessels  of  the  plexuses  and  the  ependyma, 
and  is  sometimes  very  extensive.  It  is  acute  or  chronic  according  to  the 
aiTection  which  induces  it.  Wlien  the  inflammatory  effusion  in  the  ven- 
tricles is  abundant  the  convolutions  are  compressed  against  the  skull 
and  flattened,  while  the  blood  and  lymph  are  gradually  sque3zed  out  of 
the  enveloping  membranes. 

Acute  general  congestive  oedema  of  the  brain  is  said  to  be  common- 
est in  children  and  as  a  result  of  acute  congestive  hyperasmia.  The 
sudden  congestion  increases  the  intra-cranial  pressure,  and  so  compresses 
the  capillaries  and  veins  that  the  outflow  of  blood  from  the  meninges  is 
hindered:  in  this  way  secondary  engorgement  and  oedema  are  produced 
(Huguenin). 

It  is  not  possible  to  distinguish  sharply  between  congestive  and  in- 
flammatory oedema:  on  the  contrary  it  is  highly  probable  (Jurgensen) 
that  so-called  congestive  oedema  often  represents  merely  an  early  stage  of 
a  rapidly  fatal  inflammation  (Arts.  653,  653). 

When  the  brain  and  cord  diminish  in  size,  the  space  they  leave  un- 
occupied is  usually  fllled  up  by  the  collection  of  liquid  in  the  subarach- 
noid space:  this  is  described  as  meningeal  dropsy  ex  vacuo.  Some- 
times the  ventricles  are  at  the  same  time  dilated.  The  volume  of  the 
brain  may  diminish  rapidly  as  in  extreme  anaemia,  profuse  diarrhoea,  in- 
fantile marasmus,  etc.  or  slowly  and  gradually  as  in  senile  atrophy.  The 
like  happens  to  a  limited  extent  when  parts  of  the  brain  or  cord  lying 
Just  beneath  the  ependyma  or  pia  mater  are  lost  in  consequence  of  some 
destructive  process.  When  the  nerve-substance  in  the  interior  of  the 
central  organs  undergoes  atrophy  the  space  vacated  is  sometimes  filled 
by  liquid  gathering  in  the  circumvascular  channels  of  the  affected  re- 
gion itself.  This  is  especially  apt  to  occur  when  the  atrophy  has  been 
preceded  by  abnormal  dilatation  of  the  vessels  or  distention  of  the  lym- 
phatics within  the  brain,  so  that  the  circumvascular  lymph-spaces  are 
already  abnormally  capacious.  If  the  condition  is  wide-spread,  affect- 
ing a  considerable  number  of  vessels,  the  brain  on  section  appears  rid- 
dled with  perforations  and  the  condition  is  referred  to  as  Hat  crihU 
(Art.  643). 

Extensive  loss  of  substance  in  the  interior  of  the  brain  or  cord, 
"whether  due  to  hsemorrhage,  softening,  or  inflammation,  leads  (after  ab- 
sorption of  the  detritus)  to  the  formation  of  cavities  which  are  generally 
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filled  up  in  part  by  clear  or  turbid  liquid:  these  are  described  as  cysts. 
If  they  are  small  and  numerous  the  apparent  perforation  of  the  tissue  is 
also  described  as  etat  cribU  {' Grny^re  cheese  condition":  see  Savage 
and  White,  Trans.  Path.  Soc.  xxxiv.  1883). 

Vesicular  OBdema  or  cysts  of  the  pia  mater  would  appear  to  depend 
on  the  presence  of  closed  lyraph-spaces,  congenital  or  acquired,  in  the 
pia  mater  and  subarachnoid  tissue. 

An  interesting  affection  of  the  cord  called  syringomyelia  should  be 
mentioned  in  this  connection.  The  term  is  applied  to  a  condition  in 
which  fissures  and  cavities  occur,  chiefly  in  the  posterior  gray  commissure 
and  about  the  median  plane,  and  often  extending  longitudinally  over  a 
considerable  distance.  Not  infrequently  the  excavation  extends  into  the 
posterior  horns,  traversing  them  sometimes  transversely  sometimes 
obliquely,  or  into  the  posterior  columns;  very  rarely  extending  as  far 
as  the  anterior  horns,  the  anterior  commissure,  or  the  lateral  columns. 

These  fissures  and  cavities  may  occur  in  any  part  of  the  cord,  they 
have  even  been  observed  in  the  medulla  oblongata  (Schultze).  They 
are  always  enclosed  by  a  delicate  more  or  less  cellular  neurogliar  tissue, 
and  are  in  part  due  to  the  breaking  down  of  some  gliomatous  prolifera- 
tion of  this  tissue.  Their  contents  are  either  clear  liquid  or  a  kind  of 
hyaline  Jelly.  The  proliferation  which  precedes  their  excavation  starts 
as  a  rule  in  the  neuroglia  about  the  central  canal,  though  it  may  also 
originate  in  remoter  portions  of  either  gray  or  white  matter.  From  the 
facts  at  present  before  us  it  seems  likely  that  the  starting-point  in  most 
cases  is  some  congenital  histological  anomaly  in  the  posterior  commissure, 
which  interferes  with  the  closure  of  the  central  canal  and  so  with  the  de- 
velopment of  the  posterior  columns.  In  many  cases  syringomyelia  is  thus 
a  consequence  of  congenital  hydromyelia  (Letden),  and  that  either  be- 
cause some  abstricted  remnants  of  the  medullary  tube  persist  behind  the 
central  canal,  or  because  malformation  of  the  central  canal  is  associated 
with  histological  changes  in  the  parts  about  it  which  predispose  to  ab- 
normal proliferation  and  subsequent  disintegration  of  tissue  (Art.  650). 
With  reference  to  the  supposed  abstriction  and  persistence  of  parts  of 
the  medullary  tube  it  should  be  mentioned  that  several  observers 
(ScHUPPEL,  Pick)  have  recorded  instances  of  duplication  and  even 
triplication  of  the  central  canal  for  some  part  of  its  length,  each  tube 
being  lined  with  cylindrical  epithelium.  ^ 

Various  explanations  of  syringomeylia  have  been  given.  Simon  and  F. 
Schultze  refer  it  to  the  disintegration  of  proliferous  neuroglia.  Langha.ns 
maintains  that  obstructions  to  the  flow  of  blood  or  lymph,  such  as  are  caused  for 
example  by  the  growth  of  tumors,  give  rise  to  dilatations  and  even  sacculations 
of  the  central  canal.  Such  saccular  diverticula  extend  through  the  posterior 
columns  and  adjacent  parts  usually  in  a  downward  direction,  and  so  form  as  it 
were  a  segment  of  a  second  canal  behind  the  central  canal.  Dropsical  lacunae 
may  also  be  formed  by  the  collection  of  gelatinous  liquid  in  the  gray  commissure 
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and  the  posterior  horns.  The  appearances  would  thus  be  accounted  foi.  Leyden 
regards  syringomyelia  as  i-esultinj;  from  congenital  hydroniyeli:i  in  the  manner 
described  in  the  text.  Wkstimial  takes  a  like  view,  which  is  rendered  at  leaut 
possible  by  the  fact  that  the  central  canal  even  in  a  fujtus  of  the  lifth  month  still 
extends  to  the  posterior  margin  of  the  cord. 

ZlEQLER  agrees  with  those  who  think  the  affection  is  essentially  due  to  an  ex- 
cavation of  proliferous  neuroglia.  L.\xaUANS  is  no  doubt  right  in  stating  that 
tumors  of  the  cord  and  medulla  give  rise  to  very  remarkable  dilatations  of  the 
central  canal,  and  it  is  not  hard  to  believe  that  actual  diverticula  are  occasion- 
ally produced.  But  these  should  properly  be  considered  as  cases  of  hydromyelia, 
and  they  do  not  exclude  the  possibility  of  an  excavation  of  proliferous  tissue;  to 
this  latter  it  would  perhaps  be  well  to  limit  the  term  syringomyelia.  Probably 
too  we  shall  be  right  in  referring  the  whole  process  to  a  congenital  anomaly  of 
development,  the  proliferation  depending  on  some  morbid  structure  of  the  neu- 
roglia, accompanying  or  following  upon  defective  closure  of  the  canal  or  defec- 
tive elaboration  of  the  gray  or  white  matter  in  its  neighborhood. 

References  on  syringomyelia  and  duplication  of  tho  central  canal: — Nonat, 
Archives  generales  1838;  Gull,  Guy's  Hosp.  Mejiorts  Yin.  (1862);  Hallqpeau, 
Archives  generates  1871-72;  VmcHOW,  Vireh.  Arch.,  vol.  27;  Kesteven,  St. 
Barth.  Hosp.  Reports  vin.  (1872);  Westphal,  Arch.  f.  Psyddatrie  v.  (1874), 
Brain  \i.  (1883);  Simon,  ibid.;  Leyden,  Klinik  d.  Ruckenmarkskr.  ii.  1877,  Virch. 
Arch.  vol.  68;  Strumpell,  Arch.  f.  Psych,  x.;  Friedreich,  Virch.  Arch.  vols. 
26,  27;  Grimm,  ibid.  vol.  48;  Langhans,  ibid.  vol.  85;  Reisinoer,  ibid.  vol.  98;  F. 
Schultze,  ibid.  vol.  87;  Schuppel,  Arch.  d.  Heilk.  vi.  (1861);  Pick,  Arch.  f. 
Psych.  VIII.;  Witkowski,  Arch.  f.  Psych.,  xiv.  (1883);  Fijrstner  and  Zacher, 
ibid.  XIV.;  Taylor,  Trans.  Path.  Sac.  xxix.  (1878),  xxxv,  (1884);  Whipham,  ibid. 
XXXli.  (1881);  Krauss,  Virch.  Arch.  vol.  101;  Harris,  Brain  yiii.  (1886). 

On  cysts  of  the  meninges,  choroid  plexus,  etc.: — Zenker,  Virch.  Arch.  vol.  12; 
Haeckel,  ibid.  vol.  16;  Luschka,  Die  Adergeflechte  d.  mensch.  Gehirnes  Berlin 
1855;  ROKITANSKY,  Path.  Anat.  ill.  London  1850;  Ripping,  Cystoide  Degen.  d. 
Hirnrinde,  Allg.  Zeitschr.  f.  Psych,  vols.  30,  32(1874-65);  Schopfhagen,  Wie7ier 
Sitzungsber.  Lxxiv.  (1876);  Schlesinger,  Arch.  f.  Psych,  x.;  Arndt,  Virch.  Arch. 
vols.  63,  72. 

According  to  Buhl  {Henle  u.  Pfeuffer's  Zeitschr.  f.  rat.  Med.  iv.  (1858))  the 
amount  of  water  in  the  brain  in  typhoid  fever  increases  up  to  the  beginning  of 
the  third  week,  the  increase  amounting  to  9  or  10  per  cent  above  the  uormai 
10 
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CHAPTEE    XOIT. 

SIMPLE  AND  DEGENERATIVE  ATROPHY. 

638.     In  all  degenerative  processes  allecting  the  central  nervous 

system  the  nerve-elements  are  the  first  to  disintegrate  and  disappear, 
■\7hile  the  neuroglia  frequent]}^  persists  unchanged  or  actually  increases. 

Ganglion-cells  atrophy  by  simple  shrinking  of  their  protoplasm 
without  visible  change  of  structure;  when  they  lose  their  processes  they 
appear  as  little  shrunken  specks  (Figs.  257,  258,  Art.  640)  and  at  length 
disappear  altogether:  this  is  simple  atrophy. 

Pigmented  ganglion-cells   as  they  shrink   appear  to  be  still   more 


Fig.  250.    Deseneration  of  cells  and  fibres  from  the  cerebral  cortex. 

{From  the  border  of  an  encephalitic  patch  eight  days  old  :    the  preparation  macerated  in  Mailer's 

fluid  and  then  teased  out :  X   300.) 
o,    swollen  and  hyaline  ganglion-cells,  -with  pro-      a^,  C3ll  resolved  into  oil-globules 

cesses  already  splitting  up  b,    axis-cylinder  swollen  up  and  splitting 

a,,  pale  denucleated  cell  beginning  to  split  into      c,     normal  ganglion  cell 

fragments 

deeply  tinted;  indeed  it  sometimes  looks  as  if  the  actual  amount  of  pig- 
ment were  increased  during  the  atrophic  process.  This  form  has  been 
called  pigmentary  atrophy. 

In  acute  destruction  of  the  ganglion-cells,  such  as  occurs  in  the 
neighborhood  of  inflamed  areas,  after  sudden  compression,  angemic  and 
hsemorrhagic  softening,  and  so  on,  the  cells  and  their  processes  fre- 
quently swell  up   (Fig.    250)  and  become  pale  and  hyaline  (a).     Some- 
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times  vacuoles  appear,  and  the  nuclei  i)artake  of  tlie  general  .swelling. 
After  a  time  the  cells  split  up  and  dissolve  away  (a,),  tiie  nuclei  at  the 
same  time  disappearing.  Fatty  degeneration  of  tiie  cells  may  also 
occur  («,J  under  the  same  conditions,  but  it  is  more  common  in  cases 
where  chronic  or  recurrent  disorder  of  the  circulation  leads  to  defective 
nutrition  of  the  cells.  In  such  cases  it  may  be  the  only  change  that  is 
perceptible:  it  may  occur  in  patches  or  extend  over  tiie  cortex.  Fatty 
change  of  this  kind  is  met  with  in  many  forms  of  mental  disease. 

When  the  ganglion-cells  have  once  perished,  whether  from  inflam- 
mation, anoemia,  sudden  compression,  or  other  cause,  and  do  not  atonco 
dissolve,  they  sometimes  undergo  calcification  (Fig-  1^51),  becoming  as 
it  were  tightly  crammed  with  particles  and  spherules  of  calcareous  mat- 
ter.    Fkiedlandee  found  a  calcified  gangliou-ccU  thirteen  days  after'  a 


FiQ.  251.    Caix:ified  ganglion-cells  and 

FIBRES. 

{From  the  brain  of  a  hemiplegic  idiot  vxith 
unilateral  hydrocephalus :  X  300.) 


Fig.    252.     Degeneration   of   the    cord   from 
pressure. 

{White  matter  teased  out :  X  300.) 

a,  nerve-flbre  with  coagulated  myeline 
6,  axis-cylinder  with  myeline  attached 

c,  naked  axis-cylinder,  c,  another  nniuch  swollen 

d,  free  globules  of  myeline 
c,  free  detritus 

/,  granule-spheres  (calls  crammad  with  detritus) 
p,  small  round-cells  (leucocytes) 


wound  of  the  part.  In  chronic  diseases  the  cells  sometimes  take  on  a 
glistening  wax-like  appearance,  a  change  which  has  been  described  as 
sclerosis  of  the  ganglion  cells. 

In  the  degeneration  of  nerye  fibres  (at  least  of  the  medullated 
kind)  the  medullary  sheath  is  the  first  part  to  disintegrate.  When  for 
example  a  portion  of  the  brain  or  cord  is  destroyed  by  traumatic  violence 
or  by  anaemic  or  inflammatory  softening,  the  disintegrated  tissue  con- 
tains nerve-fibres  whose  sheath  consists  of  myeline  in  a  peculiar  state  of 
coagulation    (Fig.    252   a),   together  with    naked    or    sheathless   axis- 
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cylinders  (ccj,  free  drops  or  globules  of  myeline  (d),  and  small  spheres 
(e)  of  fatty  detritus  derived  from  the  disintegration  of  myeline.  The 
axis-cylinders  are  sometimes  unaltered,  sometimes  greatly  swollen  (cj, 
with  such  irregular  and  wavy  outlines  that  they  have  been  described  as 
varicose.  Soon  they  become  fragmented  and  are  absorbed;  sometimes 
however  globular  masses  of  altered  myeline  accumulate  at  certain  points 
of  their  length  and  thus  give  them  a  varicose  appearance  (b)  from  an- 
other cause. 

The  process  of  degeneration  is  similar  in  cases  that  arechroaic  or  less 
acute,  as  in  the  peripheral  parts  of  nerves  that  are  severed  from  their 
centres  (Art.  646). 

Wherever  nerve-fibres  thus  undergo  degeneration  it  is  sooner  or  later 


Fig.  253.    Dsgenbrating  patch  feom  a  case  op  multiple  sclerosis  of  the  brain. 
{Prepared  by  treating  with  perosmic  acid  and  teasing  :  X  200  ) 


a,  blood-vessel  flUed  with  blood 

b,  tunica  media 

c,  adventitial  lymph-sheath 

d,  unaltered  neuroglia  cells 

e,  fatty  neurogUa  cells 

f,  binuclear  neurogha  ceUs 


g,    sclerotic  tissue 

h,    lymphoid  cells  and  leucocytes 

hi,  cells  containing  a  few  oil-globules 

Aj,  fat-granule  cells 

hs,  pigment-granule  cells 


accompanied  by  extravasation  of  liquid  and  of  white  blood-cells  from  the 
neighboring  vessels.  Part  of  the  detritus  dissolves  in  the  exudation  and  is 
thus  absorbed.  The  undissolved  remainder  is  taken  up  chiefly  by  the  white 
blood-cells  which  thus  become  myeline-carriers  and  fat-granule  cells 
(Fig.  252  /,  Fig.  253  h„).  The  latter  are  always  present  when  disin- 
tegrative processes  are  going  on.     If  blood  should  have  escaped  from  the 
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vessels  during  the  process,  pigment-granule  cells  (Fig.  253  /i,)  will  also 
be  found. 

The  free  detritus  and  the  carrier-cells  are  in  tlie  course  of  time  con- 
veyed into  the  circumvascular  lymph-channels  (Fig.  253  c)  of  the  af- 
fected region  and  by  them  removed. 

When  the  degeneration  is  extensive  not  only  the  neighboring  lym- 
phatics but  also  those  more  remote  are  crammed  with  granules  and 
granule-carrying  cells.  If  these  reach  the  meshes  of  the  pia  mater  or 
the  subarachnoid  space  they  give  the  tissue  a  milky  and  turbid  appear- 
ance. 

Corpora  amylacea  (Art.  01),  which  are  normally  met  with  in  the 
brain-tissue,  are  found  in  increased  numbers  where  degeneration  has 
taken  place. 

Regeneration  of  the  nerve  elements  of  the  brain  and  cord  appears 
never  to  occur,  at  least  in  man.  When  ganglion-cells  and  the  nerve- 
tracts  corresponding  to  them  are  once  destroyed,  the  functions  they  per- 
formed can  only  be  restored  by  the  substitution  of  equivalent  centres 
and  tracts  capable  of  functionally  replacing  them. 

Tlie  above-mentioned  form  of  disintegration  of  the  rayeline  of  nerve-fibres  is 
usually  described  as  fatty  degeneration,  inasmuch  as  the  niyeline-detritus  after  a 
time  gives  the  niicrocheniical  reactions  of  fat. 

When  the  tissues  of  the  brain  and  cord,  with  their  membranes  and  lymphatics, 
are  found  to  contain  granule-carrying  cells,  it  may  in  general  be  regarded  as 
evidence  that  disintegration  of  nerve  substance  has  taken  place  at  some  place  or 
other.  According  to  Jastrowitz  {Arch.  f.  Psych.  li.)  this  applies  only  to  persons 
more  than  seven  months  old.  From  the  fifth  month  of  gestation  to  the  seventh 
month  after  birth  such  granule-cells  occur  normally  in  various  parts  of  the  cen- 
tral nervous  system,  depending  on  the  stage  of  growth:  they  appear  to  be  con- 
nected with  the  development  of  the  medullary  nerve-sheaths.  According  to 
Boll  the  material  for  the  formation  of  these  sheaths  is  brought  to  the  fibres  by 
migratory  cells.  Formerly  their  presence  was  supposed  to  indicate  a  morbid 
change  described  as  congenital  encephalitis.  ViRCHOW  has  however  re-asserted 
{Berl.  Idin.  Woch.  46,  1883)  the  pathological  nature  of  the  granule-cells  found  in 
the  brain  of  new-born  infants,  arguing  that  the  granules  give  the  microchemical 
reactions  of  fat  but  not  those  of  myeline,  that  they  are  not  constantly  found, 
and  that  they  are  accompanied  by  swelling  of  the  neuroglia-cells  and  multiplica- 
tion of  nuclei,  and  that  occasionally  some  degeneration  of  nerve-tissue  is  present. 
The  granule-cells  are  either  scattered  diffusely  or  grouped  in  clusters  which  form 
opaque  white  patches  on  the  grayish-red  surface  of  the  foetal  brain,  and  are  quite 
visible  by  the  unaided  eye. 

Not  infrequently  the  pia  mater  about  the  bass  of  the  brain  exhibits  a  deep- 
brown  staining.  It  is  usually  due  to  an  exceptional  development  of  the  stellate 
pigment-cells  normally  found  in  the  pia  mater,  and  is  therefore  not  pathological. 
Morbid  pigmentation  of  the  membrane  is  as  we  have  seen  sometimes  caused  by 
hemorrhagic  effusions. 

The  mode  in  which  the  amyloid  COncretlons  are  produced  is  not  certainly 
known.  Ceci  has  recently  {Transunti  d.  real,  accad.  dei  Lincei  v.)  called  atten- 
tion to  the  fact  that  they  do  not  always  give  the  iodine-reaction,  while  they  are 
stained  brown  or  black  by  perosmic  acid,  differing  in  this  from  ordinary  amyloid 
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substance.  In  their  double  refracting  power  and  in  their  reactions  they  resemble 
myeline,  and  Ceci  suggests  that  they  may  consist  of  or  be  derived  from  that  sub- 
stance. 

The  question  of  the  regeneration  of  the  tissues  of  the  central  nervous  system 
and  especially  of  the  cord  has  frequently  been  the  subject  of  experimental 
enquiry.  H.  Muller  experimented  on  lizards  and  fishes  (C/e&.  Regeneration  d. 
Wirbelsdule  u.  d.  Ruckenmarkes  Frankfort  1864),  Masius  and  Vanlair  Mem. 
de  Vaead.  de  Belgique  xxi.  (1870))  on  frogs,  while  Brown-Seqcard  {Gaz.  med. 
1849,  '50,  '51),  EiCHHORST  and  Naunyn  (Arch.  f.  exp.  Path,  ii.),  Dentan  (iJec/i.  sur 
la  regeneration  de  la  moelle  epiniere  In.  Diss.  Berne  1875),  and  Schiefferdecker 
(Virch.  Arch.  vol.  67)  used  dogs.  Some  of  the  results  were  negative,  others 
pointed  to  functional  and  histological  regeneration  of  the  severed  cord.  Never- 
theless it  cannot  be  considered  as  proved  that  this  regeneration  takes  place  in 
mammals. 

References  on  the  behavior  of  ganglion-cells  and  nerve-fibres  in  degenera- 
tion:— "ViRCHOW,  Virch.  Arch.  vols.  10,44,  50;  Leyden,  Klinikd.  Rilckenmarkskr. 
1874-76,  Zeitschr.  f.  klin.  Med.  i.  (1879);  Obersteiner,  Wiener  med.  Jahrh.  in.,  iv. 
(1879);  Jahn,  Arch.  f.  Psych.  Yin.;  Zenker,  Arch.  f.  Ophthalm.  ii. ;  Muller, 
Beitr.  zur  path.  Anat.  d.  Riickenmarkes  Ijeipzig  1871;  Charcot,  Maladies  du  syst. 
nerv.  Paris  1877-80;  Diseases  of  the  nervous  system  (iJew  Syd.  Soc.)  London 
1876-80;  Meschede,  Virch.  Arch.  vol.  34;  MOBius,  Schmidt's  Jahrh.  190,  193  (a 
summary  of  recent  memoirs  on  nervous  diseases);  Wieqer,  Virch.  Arch.  vol.  78 
references  on  hyaline  degeneration  of  cerebral  vessels);  Hadlich,  ibid.  vol.  46; 
Salvioli,  Rivista  din.  di  Bologna  10,  1878;  Roth,  Virch.  Arch.  vol.  53;  Fried- 
lander,  ibid.  vol.  88.  The  last  three  authors  refer  specially  to  calcification  of 
ganglion-cells  either  as  an  accompaniment  of  degeneration  or  as  an  independent 
affection.  Virchow  met  with  it  chiefly  as  a  consequence  of  concussion  of  the 
brain.  On  senile  degenerative  changes  in  the  cells  of  the  cortex  see  KosTJURiN 
and  Hess,  Wiener  mad.  Jahrh.  1886. 


639.  When"  a  large  area  of  nerve-tissue  is  destroyed  the  neil  roglia 
is  apt  at  the  same  time  to  undergo  partial  necrosis,  or  at  least  to  show 
evidence  of  fatty  degeneration  in  its  tissue-cells  (Fig.  253  e).  In  like 
manner  the  endothelium  of  the  pia  mater  and  of  the  blood-vessels  may 
become  fatty.  When  the  destruction  of  tissue  is  less  extensive  the  nerve- 
elements  alone  persist,  while  the  neuroglia  with  its  vessels  and  their  sup- 
porting fibrous  structures  remain  intact. 

After  absorption  of  the  products  of  disintegration  of  the  nerve- 
elements  the  neuroglia  of  the  white  matter  of  the  brain  has  the  appear- 
ance of  a  network  of  anastomosing  stellate  cells  (Fig.  254^5,).  The 
fibrils  of  these  cells  are  very  fine,  and  in  hardened  sections  at  least  have 
a  granular  appearance,  which  is  most  marked  in  recent  preparations 
where  the  degeneration  is  not  advanced.  When  the  absorption  of  the 
nerve-tissue  is  incomplete,  the  meshes  of  the  connective  tissue  contain 
particles  of  detritus  and  granule-carrying  cells  (Fig.  254  c). 

The  white  matter  of  the  cord  in  degeneration  resembles  that  of  the 
brain  (Fig.  255  B),  but  the  network  {c)  of  connective  tissue  which 
originally  surrounded  the  parallel  nerve-fibres  appears  much  more  regular 
and  at  the  same  time  stouter.     The  meshes  contain  either  liquid  or  the 
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detritus  of  the  ncrvo-fibros  together  with  granule-cells  {d)  aiul  a  few 
leucocytes. 

The  neuroglia  of  the  gray  matter,  like  that  of  the  white,  may  j>er8i8t 
after  the  uerve-elemeuts  have  disappeared.  Tiio  tis.iue  iu  hardeii'M  sec- 
tions appears  granular  (Fig.  258)  and  beset  with  the  nuclei  of  neuroglia- 
cells.  In  the  cortex  of  the  brain  fibrils  make  their  a[)i)earance  which  at 
their  intersections  exhibit  small  masses  of  protoplasm  with  or  without 
nuclei.  Here  and  there  cells  can  be  seen  giving  off  procesees  resembling 
the  fibrils.  As  degeneration  proceeds  a  delicate  granular  raeshwork 
(Fig.  2G0  a  Art.  (Ji'Z,  Fig.  271  Art.  GoO),  with  cells  placed  at  some  of 
the  intersections,  is  all  that  remains.  Ultimately  this  too  disappears,  so 
that  nothing  persists  but  the  blood-vessels  (Fig.  260  b,  Fig.  254  cc,). 

In  many  cases  the  persisting  neuroglia  itself  ultimately  perishes.     In 


Fig.  ^4.    Shction  through  ths  margin  op  a  patch  of  softejtino  in  the  brain. 

{Hardened  in  Mailer's  fluid,  stained  with  hcematoxi/lin  and  carmine,  and  mounted  in  Canada 

balsam :  X  250.) 


A    normal  tissue 
a,   nerve-fibres  cut  across  at  various  angles 
6,   normal  nsuroglia-cells 
6, ,  persisting  neuroglia-ceUs 
c,    blood-vessel 
c, ,  blood-vessel  with  thickened  sheath 


B    degenerate  tissue 

d,  estravasated   but   unaltered    white    blood. 

cells 

e,  fat-granule  cells  which  have  lost  tteir  fat 

during  the  treatsient  of  the  section  with 
alcohol  and  clove  oil 


others  it  remains  quiescent  or  undergoes  hyperplasia.  So  far  as  can  be 
made  out  the  process  begins  by  subdivision  and  multiplication  of  the 
persisting  nuclei  of  the  tissue-cells  (Fig.  253  /,  Fig.  254  B).  This  is 
followed  by  cell- multiplication  and  fibrillation,  and  the  resulting  new 
tissue  appears  like  a  felted  mass  of  delicate  translucent  fibrils  and 
nucleated  cells,  enclosing  particles  of  detritus  :ind  liquid   (Fig.  253  g. 
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Fig,  256  h).  Some  of  the  fibrils  are  connected  with,  the  neuroglia-oells, 
forming  processes  as  it  were;  others  seem  to  have  no  such  connection 
(Fig.  253). 

Frequently  the  walls  of  the  blood-vessels,  and  especially  the  adven- 
titial tissue,  take  part  in  the  hyperplastic  process.  The  vessels  then  look 
as  if  beset  and  studded  with  proliferous  cells,  and  the  adventitia  is 
thicker  and  more  densely  fibrous  than  usual  (Fig.  254  c,). 

So  long  as  a  degenerating  patch  contains  detritus  of  nerve-tissue  it 
appears  white  and  opaque  and  is  of  soft  consistence.  If  the  disintegra- 
tion is  extreme  it  may  be  almost  diffluent  on  section.  After  absorption 
of  the  products  of  disintegration  the  tissue  becomes  gray  and  trans- 
lucent. When  hyperplasia  of  the  neuroglia  ensues  a  gray  gelatinons 
patch  is  formed;  such  patches  are  occasionally  described  as  instances  of 
gray  degeneration. 


'^■^^.,- 


Fig.  255.     Ascending  degeneration  of    the 
coKD  (recent). 

{Section  taken  from  a  cord  which  had  been 
severely  compressed  ten  weeks  before  :  hardened 
in  Mailer's  fluid,  stained  with  hoematoxylin 
and  carmine,  and  mounted  in  Canada  balsam : 
X250.) 

A    normal  white  matter 
B    degenerate  white  matter 

a,  normal  nerve-fibres 

6,  neuroglia 

c,  neurogUa-cells 

d,  fat-granule  cells  (fat  dissolved  out) 


Fig.  256.     Ascending    degeneration   of   the 
CORD  (advanced). 

{Section  taken  from  a  cord  severely  com- 
pressed eighteen  months  before  :  prepared  as  in 
Fig.  252 ;  X  250.) 

a,  section  across  nerve-fibres 

b,  hyperplastic  neuroglia 

c,  nuclei  of  neuroglia-cells 

d,  fat-granule  cells  (fat  dissolved  out) 


When  the  new-formed  fibrils  are  scanty  and  their  meshes  wide  and 
filled  with  liquid,  the  patch  is  soft;  on  section  it  allows  the  liquid  to 
escape  and  retracts  below  the  general  surface.  If  the  fibrils  are  abundant 
and  the  resulting  felted  mass  close-meshed,  the  patch  is  firm  and  dense. 
These  two  varieties  correspond  to  soft  or  gelatinous  degeneration 
and  firm  gray  degeneration  or  sclerosis.     The  sclerotic  tissue  by  con- 
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traction  may  become  touj^h  ami  cicatricial,  but  this  rofjuircis  MionfJi-;  and 
probably  years. 

The  behavior  of  the  blood-vessels  varies  according  to  th*;  form  of  the 
degenerative  process.  As  a  rule  however  in  the  later  stages  hyperplasia 
of  the  adventitia  and  thickening  of  the  vessel-walls  take  place. 

The  more  intimate  structure  of  the  neuroglia  or  supfJorting  framework  of 
the  nervous  system,  and  the  significance  of  its  several  elements,  are  matters 
which  are  still  under  discussion. 

SCHWALBE  distinguishes  three  constituents,  namely  (1)  the  epithelium  of  the 
ventricles  and  central  canal,  (3)  tiie  neuroglia,  which  in  life  forms  a  homogeneous 
cementing  substance  between  the  nerve-elements,  but  after  death  is  resolved  by 
coagulation  into  delicate  reticular  fibrils,  (3)  a  '  granular  substance'  which  forms 
a  very  close-meshed  network  and  is  composed  of  neuro-keratin  (Ewald  and 
KiJHNE).  All  of  these,  he  says,  are  derived  from  epithelial  structures.  The  neu- 
roglia it  is  true  contains  flattened  (endotheloid)  cells,  but  they  are  to  be  regarded 
as  migratory  cells  which  have  become  modified. 

KoLLiKER,  Deiteks,  Jastrovvitz,  Boll,  Lowe,  GoLai,  Friedmann,  and 
others  assign  the  neuroglia  to  the  connective  tissues,  an  I  give  as  its  constituents 
a  fibrillar  network,  a  granular  matrix  or  ground-substance,  and  cells  both  stellate 
and  simple. 

Schwalbe's  account  of  the  neuroglia  does  not  agrea  with  the  experience  of 
pathologists.  It  is  a  tissue  which  to  some  extent  is  sui  generis,  some  of  its  proper- 
ties resembling  those  of  no  other  structure;  but  it  must  nevertheless  be  classed 
with  the  connective  tissues. 

Both  gray  and  white  matter  contain  besides  nerve-cells  round  or  oval  cells 
with  scanty  protoplasm  and  numerous  fine  processes  either  radiating  in  all  direc- 
tions (stellate  cells)  or  running  more  or  less  parallel  (Fig.  253  ef,  Fig.  254  Ci, 
Fig.  268).  These  were  first  described  by  Deiters  and  are  called  Deiters'  cells. 
The  number  of  the  processes  and  the  form  of  the  cells  vary  much  in  different 
parts. 

There  are  also  certain  rounded  or  polygonal  cells  without  processes,  which  are 
either  undeveloped  Deiters'  cells  or  migratory  cells. 

The  ground-substance  surroundmg  the  cells  consists  of  a  finely-granular 
reticulate  structure  through  which  the  processes  of  the  cells  ramify.  It  is  not  yet 
certain  whether  all  the  fibrils  that  are  seen  communicate  w^ith  cells.  In  the  white 
matter  the  granular  structure  is  scanty  or  absent,  in  the  gray  matter  it  is 
abundant,  and  the  nerve-fibres  and  ganglion-cells  seem  as  if  embedded  in  it.  It 
is  questionable  however  whether  the  ground-substance  is  granular  during  life. 
According  to  Gierke  {Nearol.  Geiitralb.  18S3,  Arch.  f.  mikrosk.  Aiiat.  xxvi.  ,1885) 
it  is  homogeneous  and  transparent. 

ScHULTZE  and  RUMPF  {Cent.  f.  med.  Wiss.  1878)  have  found  that  in  hyperplasia 
of  the  neuroglia,  where  a  dense  felted  niass  of  fibrils  is  produced,  the  so-called 
ueuro-keratin  of  Kuhne  does  not  increase  in  quantity,  and  the  new  fibrils  react 
to  digestive  agents  just  like  fibrous  tissue. 

The  terms  gray  degeneration  and  sclerosis  have  been  used  as  if  they  were  equi- 
valent terms.  Strictly  speaking  6KXrfpo3  means  hard  and  dry,  and  the  term 
sclerosis  should  be  limited  to  hardening  accompanied  by  loss  of  moisture 
(Art.  650). 

References  on  the  histology  of  the  central  nervous  system: — Hbnl,e  and 
Merkel,  Zeitschr.f.  rat.  Med.  (3d  series)  vol.  34;  Lockhart  Clarke,  Phil.  Trans. 
1851,  '58,  '59,  '62;  Deiters,  Unters.  iXber  Gehirn  u.  Ruckenmark  Brunswick  1865; 
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•  Meynert,  Bau  d.  Orosshirnrinde  Neuwied  1869;  Gerlach,  Strieker's  Man:  of 
Histology  n.  (New  Syd.  Soc.)  London  1872;  Jastrowitz,  Arch.  f.  Psych,  ii.,  iii.; 
Boll,  ibid.  vii.  (1873);  Lowe,  ibid.  vii.  (1877);  Stieda,  Zeitschr.  f.  wiss.  Zool. 
XVIII.,  XIX.,  XX.,  XXIII.,  XXV.;  Ranvier,  Comptes  rendus  Lxxvii.  (1873),  Histo- 
logic du  syst.  nerv.  Paris  1878,  Arch,  de  physiol.  xv.  1883  (structure  of  neuroglia) 
GoLGi,   Rivista  clinica  Nov.  1871,   Arch.  Hal.  de  biologic  iii.,  iv. ;   Schwalbe 
Handb.  d.  Augenhcilk.  {Grdfe  and  Samisch)  i. ,  Lehrb.  d.  Neurol.  Erlangen  1881 
Friedmann,  Jahrbixcher  f .  Psych.  1883;  Ewald  and  Kuhne,  Verh.  d.  nat.  med 
Vereines  zu  Heidelberg  i. ;  Duke  Karl  Theodor  of  Bavaria,  Virch.  Arch.  vol.  69 
J.  Weiss,   Med.  Jahrbucher  1878;  Turner,   Journ.  of  Anat.  and  Physiol,  xiii, 
1879  (descriptive  summary  of  recent  memoirs):  Schopfhagen,  Jahrbuchf.  Psych 
III.  (1881);  Klein  and  Noble  Smith,  Atlas  of  Histology  London  1880,  Quain's 
Anatomy  II.  London  1882;  Hollis,  Journ.  of  Anat.  and  Physiol,  xvii.,  xviii.,  xix. 

640.  Simple  atrophy.  This  term  is  applied  to  those  changes  in  the 
brain  and  cord  which  are  characterized  by  dwindling  and  partial  disap- 
pearance of  the  nerve-elements  without  any  marked  textural  alteration 
either  preceding  or  following.  The  atrophy  is  either  general  or  at  least 
extensive,  or  it  is  confined  to  particular  parts  of  the  brain  and  cord. 

Atrophy  of  the  cerebrum  is  the  commonest  example  of  the  extensive 
form;  the  whole  or  the  greater  part  of  the  hemispheres  diminishing  more 
or  less  in  volume,  the  gyri  becoming  narrower,  and  the  sulci  with  the 
subarachnoid  spaces  wider  and  filled  with  liquid.  JSTot  infrequently  the 
ventricles  also  are  dilated. 

Atrophy  of  the  cerebellum  or  of  the  medulhi  and  c  »rd  is  much 
less  common:  cases  are  however  recorded  in  which  the  cerebellum  was  so 
shrunken  that  its  volume  was  less  than  half  the  normal  and  its  gyri  were 
almost  filiform.  In  most  instances  the  atrophy  is  not  uniformly  diffused, 
but  is  most  evident  in  one  or  two  of  the  lobes  or  in  particular  convo- 
lutions. The  atrophied  parts  are  usually  firmer  and  denser  than  the 
healthy  parts. 

Atrophy  of  the  pons,  of  the  medulla,  and  of  the  cord,  is  sometimes 
symmetrical,  sometimes  unsymmetrical,  and  may  affect  the  nerve-tracts 
as  well  as  the  ganglion-cells. 

The  forms  of  local  atrophy  most  amenable  to  microscopical  investiga- 
tion are  those  which  are  met  with  in  the  anterior  horns  of  the  cord  and 
in  the  motor  nuclei  of  the  medulla  (bulbar  nuclei),  and  which  form  the 
anatomical  basis  of  certain  nervous  diseases  variously  named  by  clinical 
:  observers. 

The  anterior  horns  (Fig.  257)  of  the  cord  consist  of  a  tissue  whose 
characteristic  elements  are  large  multipolar  ganglion-cells  (a)  and  nu- 
merous tracts  of  medullated  nerve-fibres  (J),  whence  the  anterior  roots 
(5,)  of  the  spinal  nerves  take  their  origin.  Between  these  elements  is  a 
complex  texture  of  stout  and  slender  nerve-fibres  (d),  the  whole  being 
embedded  in  a  delicate  nucleated  neuroglia  (e). 

In  simple  atrophy  of  the  anterior  horns  (Fig.  258)  the  ganglion- 
cells  and  then  the  nerve-fibres  are  lost;  so  far  as  can  be  made  out  they 
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simply  dwindle  and  disappeur.  'I'lic  ;(uti;^lion-oells  (a)  lose  their  pro- 
cesses and  shrink  u])  into  small  pigmented  lumps:  when  these  perish 
nothing  remains  Imt  a  few  grains  of  pigment,  and  even  this  may  be 
ultimately  removed  by  absorption.     At  length  all  but  a  very  few  of  the 


Fig.  257.    Left  anterior  horn  (normal)  at  the  level,  of  the  fourth  ci::iv7cal  nerve. 

(Hardened  in  Mailer' s  fluid  and  alcoJiol,  stained  with  hcematoxylin  and  carmine,  and  mounted  in 

Canada  balsam:  X  150.) 


o~,  multipolar  g:anglion-ceUs 

b,  horizontal   nerve-tracts   within   the    gray 

matter 
fc,,  anterior  roots 


c,  cross-sections  of  nerves  in  the  adjacent  white 

matter 

d,  nerve-fibres  cut  across  more  or  less  obliqusly 
c,    nuclei  of  neurogLia-cells 


Fia.  2!5S.    Left  AjrrEriion  horn  (ATROPHrED)  at  the  level  of  t^c  fourth  csiivical  nerve, 

{Prom  a  woman  aged  43  loho  died  of  ascsndinj  atrophy  of  the  anterior  Iioms:    prepare-d  as 

above:    X  150.) 


a,  normal  ganglion-ceils 

rt],  atrophied  ganglion-cells 

6,    intact  nerve-fibres  in  gray  mattar 


c,  cross-sections  of  nerves  in  adjacent  white  mat- 

ter 

d.  blood-vessel 
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cells  and  fibres  {a  a,  b)  disappear,  and  the  anterior  horn  comes  to  consist 
chiefly  of  neuroglia. 

Simple  uncomplicated  atrophy  is  not  accompanied  by  any  change  of 
the  connective  tissue,  and  there  is  no  trace  of  inflammatory  mischief; 
moreover  it  is  only  when  the  nerve-fibres  are  involved  and  their  medul- 
lary feheath  is  undergoing  disintegration  that  even  granule-cells  are 
detected,  and  these  in  very  small  number  (Art.  638).  Sometimes 
secondary  sclerosis  follows.  Simple  atrophy  may  therefore  be  de- 
scribed as  a  primary  affection  involving  simple  loss  of  the  nervous 
elements  of  ihe  gray  matter  of  the  anterior  horn;  it  leads  to  atrophy  of 
the  anterior  roots  of  the  spinal  nerves,  and  paralysis  with  atrophy  of  the 
muscles  supplied  by  them.     It  may  attack  any  portion  of  the  anterior 


Fig.  259.    Atbopht  of  the  cortex,  of  the  cerebellum. 

{From  a  man  aged  25  who  died  in  an  epileptic  fit:  section  hardened  in  MiMer'' s  fluid  and  alcohol, 
stained  with  hcematoxylin  and  carmine,  and  mounted  in  Canada  balsam,:     X  25.) 


A,    normal, 
a,  normal  external  layer 
tti,  atrophied  external  layer 
6,  normal  intermediate  layer 


B,    atrophied  gyrus 

c,  normal,  Ci  atrophied  granular  layer 

d,  Purkinje's  cells 

e,  medullary  (white)  centre 


columns,  but  most  frequently  begins  at  the  upper  or  the  lower  extremity 
and  thence  extends.  In  the  former  case  the  motor  nuclei  in  the  medulla 
are  usually  soon  involved,  while  in  the  ascending  forms  this  is  naturally 
a  late  symptom.  The  sensory  nuclei  in  the  medulla  and  the  posterior 
columns  of  the  cord  are  in  general  unaffected. 

This  peculiar  affection  may  thus  be  characterized  as  a  simple  disap- 
pearance of  the  ganglion-cells  of  the  motor  centres  of  the  cord  and 
medulla.     When  it  extends  over  the  greater  part  of  the  length  of  the 
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cord  it  gives  rise  to  a  portion  of  the  group  of  diseases  spoken  of  as 
chronic  atrophic  spinal  paralysis  (poliaini/ehiis  anterior  chronica)  and 
progressive  muscular  atrophy;  when  it  involves  the  nuclei  of  the  medulla 
it  leads  to  some  of  the  alfections  known  collectively  as  chronic  progres- 
sive bulbar  paralysis  and  Duchcnne's  paralysis.  Descending  atrophy  of 
the  anterior  horns  is  in  general  associated  with  degeneration  in  the  pyra- 
midal tract  (Art,  647).  When  the  atrophy  begins  in  the  lumbar  cord 
this  degeneration  docs  not  take  place. 

A  similar  disappearance  of  nerve-cells  and  nerve-fibres  takes  place 
both  in  the  biistil  ganglia  and  in  the  cerebral  cortex.  When  exten- 
sive it  leads  to  a  very  marked  loss  of  bulk  in  the  parts  affected.  This 
loss  of  bulk  is  due  ])artly  to  the  entire  disappearance,  partly  to  marked 
dwindling,  of  the  nerve-elements.  In  the  cortex  it  is  sometimes  • 
uniformly  and  widely  diffused,  sometimes  in  isolated  patches. 

The  white  matter  like  the  gray  is  also  liable  to  atrophy,  which  is 
either  primary  or  secondary  to  atrophy  of  gray  matter.  When  the  bulk 
of  a  portion  of  the  brain  or  cord  is  markedly  diminished,  the  atrophic 
process  extends  to  the  white  matter,  and  microscopic  examination  shows 
that  some  of  the  nerve-fibres  in  the  latter  have  entirely  disappeared 
while  others  have  plainly  undergone  diminution  of  their  thickness.  In 
the  disseminated  or  patchy  form  of  atrophy  the  medullary  white  centre 
of  the  cerebrum  often  contains  minute  areas  within  which  the  tissue  has 
a  perforated  or  cribriform  appearance;  the  nerve-fibres  having  disappeared 
a  loose  meshwork  of  neuroglia  is  all  that  remains.  The  adventitial 
lymph-spaces  are  in  general  dilated  (Art.  637). 

Atrophy  of  the  laminae  of  the  cerebellum,  when  it  is  at  all  marked, 
is  chielly  due  to  thinning  of  the  cortical  layers,  though  the  medullary 
centre  also  suffers  in  a  less  degree.  As  the  cells  and  nerve-fibres  disap- 
pear the  external  (or  molecular)  layer  (Fig.  259  a)  of  the  cortex  is 
reduced  to  a  third  or  fourth  (a,)  of  its  original  thickness.  The  cells  of 
Purkinje  {d)  and  their  processes  disappear  entirely,  and  with  thsm  the 
slender  intermediate  layer  [b).  Lastly  the  granular  layer  (c),  losing  its 
nerve-cells  and  fibres,  becomes  reduced  to  a  mere  film  {c^). 

Loss  of  volume  alone  is  not  a  certain  mark  of  atrophy  of  the  brain.  Thus  in 
infants  suffering  from  chronic  diarrhoea  the  brain  may  shrink  so  rapidly  that  the 
cranial  bones  overlap  one  another,  but  this  is  due  in  great  measure  simply  to 
abstraction  of  liquid  from  the  brain  and  its  membranes. 

Atrophyof  the  anterior  horns  of  the  cord  can  be  certainly  demonstrated  only 
by  examining  a  series  of  sections.  The  ganglion-cells  are  by  no  means  uniformly 
distributed  in  different  segments  of  the  cord,  and  thus  it  may  happen  that  a  sin- 
gle section  of  a  perfectly  normal  cord  shows  very  few  ganglion-cells,  while 
neighboring  sections  show  them  in  abundance. 

Many  authorities  apeak  of  pigmentary  atrophy  of  the  ganglion-cells  as  distinct 
from  simple  atrophy;  but  it  does  not  appear  that  there  is  ever  any  real  or  marked 
mcrease  of  pigment  in  the  cases  they  describe.  As  ganglion-cells  normally  con- 
taining pigment  become  smaller  the  pigment  does  not  disappear,  and  they  ac-- 
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cordingly  seem  to  have  more  of  it  in  proportion  to  their  size.  Non-pigmented 
cells  scarcely  ever  exhibit  any  pigment  as  they  atropliy.  It  must  however  be  ad- 
mitted that  occasionally  after  the  disappearance  of  the  cells  the  amount  of  pig- 
ment seems  to  increase. 

Atrophy  of  the  large  ganglion-cells  of  the  anterior  horns  is  followed  by  atro. 
pby  (amyotrophy)  of  the  corresponding  muscles;  but  all  muscular  atrophy  is  not 
dependent  on  loss  of  the  ganglion-cells.  Erb,  Schultze,  and  others  have  de- 
scribed cases  in  which  after  recent  atrophy  of  the  anterior  horns  of  gray  matter 
the  anterior  nerve-roots  were  still  intact,  though  the  muscles  showed  signs  of 
degeneration.  From  this  it  would  appear  that  the  muscles  perish  more  rapidly 
than  the  nerve-fibres.  Many  authoi's  affirm  that  loss  of  the  anterior  ganglion- 
cells  is  accompanied  by  an  increase  of  the  neuroglia.  This  is  occasionally  the 
case,  but  by  no  means  uniformly:  very  marked  atrophy  may  be  unattended  by 
any  such  inci'ease.  It  is  worth  mentioning  that  after  the  total  disappearance  of 
the  nerve-elements  from  a  section  of  the  anterior  horns  small  granular  masses 
remain,  interspersed  among  the  cells  and  fibres  of  the  neuroglia.  This  would  go 
to  show  that  the  granular-looking  substance  of  the  gray  matter  does  not  belong 
wholly  to  the  nerve-fibres  and  ganglion-cell-processes,  a  view  recently  re-affirmed 
.  by  Ranvier  (Arch,  dephysiol.  i.  1883). 

Atrophy  of  the  anterior  horns  with  or  without  sclerotic  change  is  often  re- 
garded as  a  chronic  inflammation  and  described  as puliomyelitis  anterior  chronica. 
In  like  manner  ischsemic  softening  is  sometimes  regarded  as  a  poliomyelitis.  The 
genesis  and  course  of  these  affections  make  it  obvious  that  they  are  non-inflam- 
matory and  that  such  terms  are  inappropriate. 

References  on  simple  atrophy  of  the  anterior  horns  and  bulbar  nuclei:  — 
Charcot  and  Joffroy,  Arch,  dephysiol.  1869;  PiiiaRET,  ibid.  ii.  (1875;;  Charcot 
and  GoBiBAULT,  ibid.;  Duchennb  and  Joffkoy,  ibid.  iv.  (1870);  Charcot,  tbid., 
Diseases  of  the  nervous  system  London  1876-80;  Kesteven,  St.  Barth.  Hosp.  Rep. 
xiii.  (1878);  Schultze,  Virch.  Arch.  vol.  75;  Cornil  and  Lepine,  Paralysie  gen. 
spinale  ant.  subaigue,  Oaz.  med.  de  Paris  1875;  Jarisch,  Viertelj.  f.  Derm.  u. 
Syph.  vni.  (1881);  Erb  and  Schultze,  Arch.  f.  Psych,  ix.;  Vierordt,  ibid,  xiv.; 
Goltdammer,  Berl.  klin.  Woch.  1876;  Dejekine,  Arch,  dephysiol.  vi.  (1883;;  see 
also  Art.  647,  references  on  amyotrophic  lateral  sclerosis. 

References  on  the  structure  of  the  cerebellar  cortex  and  cerebellar  atrophy: — 
.  Denissenko,  Arch.  f.  mikros.  Anat.  xiv.;  Obersteiner,  Allg.  Zeitschr.f.  Psych. 
vol.  37,  Biolog.  Centralb.  m.  (1883);  Golgi,  Arch.  ital.  p.  I.  mal.  nerv.  1874, 
Rivista  sperim.  di  freniatria  1882,  1883;  Fiedler,  Zeilsehr.  f.  rat.  Med.  xi. 
(1861);  DuGUET,  Oaz.  hebdom.  186-3;  Meynert,  Med.  Jahrb.  d.  Gesell.  d.  Aerzte 
in  Wien  1864;  Pierrft,  Arch,  dephysiol.  iv.  (1871-72);  E.  Clapton,  Trans.  Path. 
Soc.  xxn.  (1871);  Otto,  Arch.  f.  Psych,  iv.;  Fischer,  ibid,  v.;  Huppert,  ibid. 
VII. ;  Bischoff,  ibid.  xii. 

Gil.  Some  of  the  conditions  included  under  the  general  term  atro- 
phy are  directly  dependent  on  aplasia  or  agenesis  (Arts.  630  and  633)  of 
parts  of  the  brain  and  cord.  Many  atrophies  detected  only  in  years  of 
maturity  are  in  fact  aplasias  dating  from  the  foetal  period.  Other 
atrophies  affect  nervous  structures  which  have  from  the  beginning  been 
ill-developed  or  ill-organized.  The  greater  number  of  cases  of  cerebellar 
atrophy  (Art.  640)  unassociated  with  inliammation  or  tumor  certainly 
belong  to  this  latter  class,  as  do  also  those  cases  of  shrinking  of  the  cere- 
brum in  which  close  examination  of  the  convolutions  and  their  structure 
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shows  that  the  atrophy  coexists  with  local  aplasias,  such  as  partial  de- 
fects of  the  gyri,  etc.  Atrophies  of  the  cord,  also,  are  frequently  fouud 
associated  with  anomalies  of  its  development. 

When  simple  atrophy  occurs  without  any  visible  cause  in  patients 
who  have  a  family  history  of  nervous  disease,  it  is  natural  to  suppose 
that  the  nerve  elements  have  had  some  intrinsic  weakness  of  constitution 
which  led  to  their  premature  decay  and  disappearance:  and  the  same 
supposition  is  permissible  even  in  cases  where  there  is  no  such  history, 

GuDDEN"  and  his  pupils  have  shown  that  sensory  as  well  as  motor 
centres  undergo  atrophy  and  lose  their  ganglion-cells  if  at  birth  and  or 
in  infancy  the  i^eripheral  end-organs  or  nerves  are  destroyed.  The  ex- 
planation is  perhaps  this — that  in  the  absence  of  the  end-organ  the  cor- 
responding central  organ  is  not  called  on  to  perform  its  function  and  so 
wastes,  or  at  least  fails  to  attain  to  complete  development. 

Loss  of  peripheral  end-organs  in  later  life  is  only  to  a  slight  extent 
followed  by  similar  atrophy.  Thus  after  amputation  of  the  limbs  no 
marked  changes  take  place  in  the  cord,  the  number  of  ganglion-cells 
and  nerve-fibres  is  apparently  unaltered.  In  a  few  cases  the  correspond- 
ing half  of  the  cord  has  appeared  to  become  smaller,  probably  from 
thinning  of  the  nerve-fibres.  At  the  same  time  it  must  be  kept  in  mind 
that  in  fifty  out  of  every  hundred  persons  the  cord  is  more  or  less  un- 
symmetrical  (from  incomplete  decussation  of  the  pyramids),  and  this 
makes  it  difficult  to  be  sure  that  in  a  given  case  asymmetry  is  due  to 
pathological  causes. 

Loss  of  the  eye  and  optic  nerve  leads  after  a  time  in  the  human  sub- 
ject to  atrophy  of  the  corresponding  parts  of  the  optic  tract.  When 
blindness  has  lasted  for  a  number  of  years  the  atrophy  is  said  (Hugue- 
NIN)  to  extend  up  to  the  occipital  lobe. 

Senile  atrophy  of  the  brain,  which  is  not  at  all  uncommon,  seems 
to  be  due  in  the  first  place  to  mei*e  outwearing  and  decay  of  the  nerve- 
elements,  and  in  part  also  to  diminution  of  the  natural  nutritive  pro- 
cesses (see  Kostjukin"  and  Hess,  Wiener  med.  Jalirl.  1886).  Cerebral 
atrophy  in  younger  patients  reduced  and  weakened  by  disease  is  doubt- 
less due  chiefly  to  disordered  nutrition. 

Localized  atrophy  of  nerve-cells  and  fibres  within  particular  circum- 
scribed regions  is  at  times  demonstrably  induced  by  atheromatous  and 
hyaline  thickening  of  the  vessel-walls  (Art.  642),  or  by  occlusion  and 
obliteration  of  the  circumvascular  lymph-channels  from  extravasa- 
tion of  blood  or  hyaline  deposit.  As  regards  the  various  forms  of  nerv- 
ous atrophy  met  with  in  persons  who  have  long  suffered  from  disordered 
circulation,  we  must  assume  that  the  general  cause  has  led  to  the  par- 
ticular effect.  Disease  of  the  heart  or  of  the  lungs,  chronic  inflamma- 
tion of  the  meninges  (Arts,  655,  656),  and  intracranial  tumors,  all  act  in 
this  way;  in  the  latter  case  local  compression  leading  to  local  anaemia 
(Art.  644)  assists  the  more  general  causes.      Lastly  we  must  recognize 
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as  causes  of  atrophy  the  many  injurious  agencies  which  reach  the  cen- 
tral nervous  system  by  way  of  the  blood;,  and  so  damage  its  constituent 
elements.  As  examples  we  may  mention  lead  (Vulpian",  Dejeri^ste. 
MoNAKOW,  Popow,  and  others),  and  alcohol  when  taken  constantly  and 
for  a  long  time. 

GUDDEN  (Arch.  f.  Psych,  n.,  Graefe's  Arch.  f.  Ophthalmologie  XX.,  xxi.,  xxv., 
Naturforscherversammlung  in  Eisenach  1883)  was  the  first  to  show  that  the  extir- 
pation of  peripheral  or  central  end-organs  in  young  animals  is  followed  by  atro- 
phy of  the  corresponding  central  or  peripheral  end-organs  respectively  and  of  the 
conducting  tracts.  Thus  extirpation  of  one  cerebellar  hemisphere  induces  atro- 
phy of  the  restiform  body  and  its  three  nuclei  on  the  same  side  and  the  olivary 
body  on  the  opposite  side.  Extirpation  of  one  anterior  quadrigeminal  body  leads 
to  blindness  and  proportionate  wasting  of  the  nerve-fibres  of  the  optic  tract  on 
the  opposite  side.  This  method  enables  us  to  determine  the  central  nuclei,  the 
course,  and  the  connections  of  the  various  cerebral  and  spinal  nerves,  and  the 
connections  between  the  nuclei  of  the  cerebral  axis,  the  cerebrum,  and  the  cord. 
FoREL  {Arch.  f.  Psych,  vii.),  Mayser  (ibid.),  Ganser  {ibid,  xiii),  Furstner  {ibid. 
XII.),  andMoNAKOW  {ibid,  xii.,  xin.)have  applied  the  method,  and  thereby  greatly 
increased  our  knowledge  regarding  the  nuclei  and  tracts  of  the  cerebral  axis. 
MON AKO w  (/4rc/t, /.  Psych,  xii.)  showed  that  extirpation  of  the  visual  centre  in 
the  occipital  cortex  in  new-born  rabbits  is  followed  by  atrophy  of  almost  the 
entire  visual  tract,  *'•  e.  the  corresponding  part  of  the  corona  radiata  (optic  radi- 
ations of  Gratiolet),  the  external  geniculate  body,  the  lateral  (latticed)  stratum 
of  the  external  nucleus  of  the  thalamus,  to  a  less  extent  the  anterior  quadrige- 
minal body  of  the  same  side,  the  chiasma,  and  the  opposite  optic  nerve.  Extir- 
pation of  the  eyeball  leads  to  atrophy  of  the  same  parts,  most  marked  however 
in  the  optic  nerve  of  the  same  side  and  in  the  anterior  quadrigeminal  body  of  the 
opposite  side.  According  to  Haab  a  like  atrophy  or  rather  aplasia  is  met  with 
in  cases  of  anophthalmia. 

Our  knowledge  of  the  secondary  degenerations  of  the  visual  tract  is  however 
still  very  defective,  and  minute  investigation  of  the  histological  changes  involved 
is  much  to  be  desired.  Probably  the  first  change  is  a  disintegration  of  the  medul- 
lary sheath  of  the  nerve-fibres  (Art.  646):  the  axis-cylinder  appears  to  persist  for 
a  time.  Gudden,  Schmidt-Rimpler,  Purtscher,  Samuelsohn,  Baumgarten, 
Marchand,  and  others  have  shown  that  atrophy  of  the  optic  nerve  is  after  a  time 
accompanied  by  wasting  of  the  decussating  bundles  of  fibres  on  the  inferior  or 
ventral  aspect  and  of  the  non-decussating  bundles  on  the  dorsal  aspect  of  the 
optic  tract.  We  do  not  yet  know  how  far  this  process  of  wasting  may  extend. 
Samuelsohn  followed  it  up  to  the  external  geniculate  body:  Huguenin  states 
that  it  extends  to  the  occipital  lobe.  The  descending  atrophy  induced  by  de- 
struction of  the  visual  centre  in  the  cortex  (hemianopsia)  has  not  been  fully  in- 
vestigated. Leber  thinks  that  in  adults  the  trunk  of  the  optic  nerve  does  not 
atrophy  after  a  cortical  lesion,  and  only  after  a  period  of  years  when  it  is  the 
optic  tract  that  is  destroyed.  HosCH  {Klin.  Monatsbl.  f.  Augenheilk.  xvi.)  alone 
seems  to  have  actually  observed  atrophy  of  the  optic  nerve  after  destruction  of 
the  occipital  lobe.  It  would  appear  from  what  we  have  said  above  that  in  the 
case  of  the  optic  nerve  we  may  have  an  ascending  atrophy,  but  the  like  has  not 
been  observed  in  the  case  of  other  sensory  nerves.  The  only  analogue  is  appa- 
rently the  atrophy  of  the  posterior  columns  of  the  cord  observed  to  follow  de- 
struction of  the  posterior  nerve-roots,  and  we  might  add  the  instance  of  ascend- 
ing   atrophy   of    the  auditory  nerve  extending  to   the  temporal  lobe,    which 


SIMPLE   AND    DEGENERATIVE    ATROPHY.  961 

HUGUENIN  describes  as  having  occurred  in  a  patient  who  had  been  diaf  for  many 
years. 

References  on  ascending  atrophy  of  the  visual  tract: — Leber,  Qraefe  and 
SaemiscKs  Handb.  v.;  Gudden,  Arch.  /.  Ophthalm.  1879;  IIaab,  Beitrdge  z. 
OphthalTn.,  Festsclirift  fixr  //or «er  Wiesbaden  18S1;  Kelleumann,  Beilage  z- 
klin.  Monatsbl.  1879:  Purtsciier,  Graefe's  Arch.  f.  Ophthalm.  xxvi.  (1880); 
SaMUELSOIIN,  Berl.  Jdiii.  Wuch.  1880;  Baumgarten,  Cent.  f.  med.  Wiss.  1878; 
Marcuand,  Graefc'.s  Arch,  xxviir. ;  Mauthner,  Gehirn und AtigeWieBh-d.denl6S\.; 
Drescufeld,  Brain  iv.  (1882). 

On  hemianopsia  and  destruction  of  the  cortical  visual  centre  see  Art.  625. 

Dickinson  (Journ.  of  Anat.  and  Physiol,  ill.  1868),  Dreschfeld  {ibid.  xiv. 
1880),  VuLPlAN  {Arch,  de  physiol.  1868),  Leyden  (Klinik  d.  Ruckenmarkslcr.  ll.), 
DfijERlNE  and  Mayer  {Gaz.  med.  de  Paris  1878),  and  otiiers  have  described  cases 
of  atrophy  of  the  motor  and  sensory  centres  and  tracts  in  the  cord  after  amputa- 
tions of  the  limbs.  Objections  may  be  taken  to  some  of  their  statements,  but  it 
would  appear  that  the  posterior  roots,  posterior  horns,  and  posterior  columns 
may  occasionally  atrophy:  the  ganglion-cells  and  nerve-fibres  do  not  disappear 
outright  but  become  abnormally  small  and  thin. 

It  is  questionable  whether  in  persons  who  in  adult  life  have  lost  a  limb  the 
corresponding  centres  in  the  cortex  ever  undergo  atrophy.  Sander  (Cent.  f. 
med.  Wiss.  1875),  Luys  {Gaz.  des  hop.  1876),  Bourdon  {Recherches  din.  sur  les 
centres  mot.  des  membres  Paris  1877,  Bull,  de  Vacad.  de  med.  xii.  1883),  and  others 
have  described  such  cortical  atrophies,  but  it  must  be  remembered  that  the  width 
of  the  convolutions  varies  greatly  even  in  persons  otherwise  normal.  Charcot, 
Feruier,  and  others  have  failed  to  find  unmistakable  instances.  Davida  ( Firc/i. 
Arch.  vol.  88)  and  Edinger  {ibid.  vol.  89)  have  found  that  when  limbs  are  con- 
genitally  absent  there  is  atrophy  of  the  spinal  nerve-roots,  the  corresponding 
gi-ay  matter,  and  the  lateral  columns  of  the  cord,  and  in  some  cases  (Edinger, 
GowERS)  even  of  the  corresponding  cortical  centres. 

VuLPiAN  {Maladies  du  syst.  nerv.  Paris  1879),  Dejerine  (Gaz.  med.  de  Paris 
1879),  MoNAKOW  (Arch.  f.  Psych,  x.  1880),  Popow  (Virch.  Arch.  vol.  93),  and 
others  state  that  in  paralysis  from  lead-poisoning  there  is  degeneration  not  only 
of  the  muscles  and  peripheral  nerves  but  also  of  the  ganglion-cells  of  the  cord 
and  brain.  It  does  not  appear  certain  that  lead  gives  rise  to  any  primary  atro- 
phy of  the  central  nervous  system,  thougli  apparently  there  is  no  doubt  that  in 
lead-poisoning  the  brain  may  contain  a  large  proportion  of  the  metal,  and  that 
the  affection  may  be  accompanied  by  grave  and  chronic  mental  disorders.  For 
reference  see  Ross,  Diseases  of  the  nervous  system  ii.  London  1883,  and  Robinson, 
Brain,  viii.  1885. 

642.  Iscliaeniic  and  haemorrhagic  softening.  The  vessels  of  the 
brain  and  cord  are  peculiarly  liable  to  morbid  changes.  Sclerosis  and 
atheroma  are  more  common  in  them  than  in  those  of  almost  any  other 
•  organ,  while  the  small  arteries  and  capillaries  of  the  central  nervous 
system  and  its  membranes  might  almost  be  called  the  favorite  seat  of 
hyaline  degeneration.  Fatty  and  calcareous  change  are  exceedingly 
common,  the  latter  being  sometimes  so  extensive  and  so  great  that  on 
section  the  vessels  stand  out  from  the  brain-substance  as  little  rigid 
tubes.  Moreover  corpuscular  matters  passing  from  the  heart  into  the 
arterial  system,  and  atheromatous  detritus  or  fibrinous  coagula  from  the 
17 
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ascending  aorta,  are  very  readily  swept  through  the  cervical  into  the 
cerebral  arterifis. 

The  coTiRftfjuence  is  that  it  is  very  common  for  the  arteries  of  the 
brain  or  cora  to  be  suddenly  or  gradually  occluded,  the  accident  being 
followed  by  grave  disturbance  of  the  circulation  and  nutrition  of  the  cor- 
responding regions. 

The  arteries  of  the  brain  and  cord  have  no  arterial  anastomoses  within 
the  nerve-substance,  and  thus  after  the  closure  of  one  of  them  collateral 
circulation  is  very  slowly  and  imperfectly  established.  This  is  especially 
the  case  when  the  neighboring  arteries  are  already  rigid  and  obstructed 
by  atheromatous  or  hyaline  change  in  their  walls. 


Fig.  260.    IscaEMic  sopteninq  of  the  cortex  of  the  brain. 

{FVornthebrainof  an  idiot:  hardened  in  MiUler's  fluid  and  alcohol,  stained  with  hcemotoxylin 
and  carmine,  and  mounted  in  Canada  balsam:    X  25.) 


A,  white  centre 


B,  normal  cortex 


Bi,  softened  cortex 


C,  normal  pia  mater 

a,  softened  part  of  the  cortex  without  gang- 
lioncells,  the  neuroglia  stiU  remaining 
in  places 

6,  part  with  little  but  the  capUlary  network 
remaining 

c,    condensed  fibrous-looking  tissue 


Ci,  thickened  pia  mater 

d,  groups  of  cells  in  the  subpial  and   subarach- 

noid spaces 

e,  patch  containing  leucocytes,  fat-granule  cells, 

and  pigment-cells 
/,     small  blood-vessel 
g,     groups  of  cells  in  the  circumvascular  spaces 


Engorgement,  stasis,  and  haemorrhage  all  lead  to  local  anaemia  or 
ischaemia  of  the  particular  regions  affected.  Haemorrhage  need  not  be 
at  all  large;  even  the  smallest  extravasations,  confined  it  may  be  to  the 
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pial  sheaths  of  the  vessels,  have  their  effect,  and  other  matters,  such  as 
products  of  disintegration,  when  they  collect  in  these  sheaths  may  by 
compression  render  the  vessel  impermeable  to  the  circulation. 

Lastly,  compression  of  the  nerve-substance  by  tumors,  exudations, 
etc.  (Art.  644)  leads  frequently  to  local  anaamia  or  ischsemia. 

When  such  temporary  or  permanent  ischemia  gives  rise  to  necrosis 
of  the  substance  of  the  brain  or  cord,  softening  of  the  necrosed  region 
speedily  takes  place.  If  the  ischaemia  is  unaccompanied  by  haemorrhage 
the  tissue  remains  pale  and  at  first  only  becomes  softer  and  more  brittle: 
this  process  is  therefore  described  as  wliit3  softening. 

After  a  few  days  the  substance  of  the  organ  is  (owing  to  the  rapid 
disintegration  of  the  nerve-elements  and  the  escaped  liquid  from  the 
vessels)  transformed  into  a  pulpy  mass,  containing  the  products  of  disin- 
tegration described  in  Art.  638  together  with  fat-granule  cells  of  every 
conceivable  form. 

In  the  course  of  weeks  the  process  of  liquefaction  steadily  advances, 
and  at  length  nothing  remains  of  the  nerve-substance  but  a  liquid  mass 
rendered  turbid  by  detritus  and  fat-granule  cells.  The  blood-vessels 
usually  persist  (Fig.  254  c,  Fig.  260  b),  and  thus  the  liquid  appears  as  if 
lodged  in  the  meshes  of  a  delicate  network  of  capillaries.  After  some 
months  the  liquid  becomes  clear,  owing  to  the  absorption  of  the  products 
of  disintegration. 

Around  the  patch  of  softening  the  neuroglia  proliferates  and  gives 
rise  to  sclerotic  thickening,  though  this  is  seldom  very  marked.  It 
is  most  apt  to  occur  when  the  patch  is  small,  the  patient  young,  and  the 
softening  not  due  to  arterial  sclerosis.  Often  after  weeks  or  months  no 
considerable  proliferation  is  discoverable,  the  softened  patch  being 
surrounded  by  a  zone  in  which  the  nerve-elements  are  in  process  of 
degeneration  and  the  tissue  accordingly  more  or  less  interspersed  with 
granule-cells. 

The  vessels  within  the  softened  patch  become  in  part  obliterated. 
Cellular  and  fibrous  hyperplasia  sometimes  takes  place  in  the  pial  sheaths 
both  of  the  collapsed  and  of  the  permeable  vessels. 

When  hsemorrhage  accompanies  the  ischeemic  softening  the  products 
of  disintegration  of  the  extravasated  blood  mingle  with  those  of  the 
nerve-substance  and  give  the  patch  a  red,  yellow,  rusty,  or  brown  tint. 
The  process  is  then  described  as  red  or  yellow  softening.  The  mass 
thus  contains  pigment-granule  cells,  and  after  a  time  flakes  of  yellow 
or  brown  pigment  and  occasionally  crystals  of  hamatoidoin  are  deposited 
in  the  surrounding  tissue. 

On  ischeetnic  softening  see  Eisenlohr  {Arch.  f.  Psych,  ix.  1878,  on  acute  affec- 
tions of  the  medulla  and  pons),  Klebs  {Prag.  med.  Woch.  1879). 

On  hyaline  degeneration  of  cerebral  vessels  see  Wedl,  {Wiener  Sitzungsber. 
XLiii.  1863),  Arndt  {Virch.  Arch.  vol.  49),  Lubijioff  {ibid.  vol.  57),  Benedikt 
{ibid.  vols.  64,   72),  Kolessnikow  {ibid.  vol.   85),  Neelsen  {Arch.  d.  Heilh.  xviL 
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1876),  Otto  (  Arch.  f.  Psych.  XVL,  on  aneurysms  of  the  vessels  of  the  cord),  and 
references  in  Art.  636. 


643.  The  size  of  a  patcli  of  softening  depends  on  that  of  the  vascu- 
lar territory  which  has  been  deprived  of  blood,  and  consequently  varies 
much  in  different  cases.  The  smallest  patches  may  be  too  small  for 
the  unaided  eye,  the  larger  may  involve  whole  convolutions,  important 
sections  of  the  centrum  ovale  or  of  the  basal  ganglia,  or  even  entire 
lobes. 

The  smaller  patches  after  a  time  take  the  form  of  little  cavites  filled 
with  clear  liquid,  and  when  numerous  give  the  tissue  a  cribriform  or 
sponge-like  appearance.  When  the  softening  has  occurred  round  a  small 
arterial  branch  the  space  left  vacant  on  absorption  of  the  products  of 
disintegration  is  often  filled  up  by  accumulation  of  liquid  in  the  adventi- 
tial lympli-channel  belonging  to  the  vessel,  which  latter  then  looks  as  if 
it  ran  through  a  wide  lymph-sac  resembling  that  caused  by  simple  local- 
ized lymphatic  stagnation  or  engorgement.  The  condition  in  which  the 
nerve-tissue  is  thus  as  it  were  riddled  with  small  cavities  is  commonly 
described  as  an  etat  cribU  (compare  also  Art.  637). 

The  contents  of  large  cysts  of  disintegration  due  to  ischsemic 
softening  are  seldom  quite  clear,  the  absorption  of  the  solid  detritus  be- 
ing a  very  slow  process,  while  at  the  borders  of  the  softened  region 
the  disintegration  of  nerve-substance  usually  goes  on  to  some  extent  for 
months  or  years  after  the  initial  lesion. 

When  such  large  cysts  lie  Just  under  the  pia  mater  or  at  least  not 
very  deeply,  the  overlying  tissue  in  general  sinks  in  and  leaves  a  subpial 
or  subarachnoid  space  which  soon  fills  with  liquid.  The  depressed  sur- 
face looks  opaque  and  white  or  tinged  with  yellow  or  brown.  On  section 
the  softened  patch  is  found  to  contain  a  milky  (or  sometimes  pigmented) 
liquid  traversed  by  shreds  of  tissue  which  are  for  the  most  part  collapsed 
or  still  permeable  vessels  and  capillaries  (Fig.  360  B^). 

The  membranes  overlying  an  old  patch  of  softening  are  usually 
hyperplastic  (C,)  ,the  blood-vessels  also  often  showing  signs  of  thickening 
(/).  A  certain  amount  of  cellular  infiltration  takes  place  not  only  into 
the  walls  of  the  cyst  but  also  into  the  soft  membranes  (pia  mater  and 
subarachnoid),  and  this  may  continue  as  long  as  the  process  of  disinte- 
gration goes  on.  Calcareous  concretions  are  not  infrequently  formed  in 
the  thickened  membranes,  and  the  ganglion-cells  in  the  parts  contiguous 
to  the  cyst  may  also  become  calcified.  When  a  patch  of  softening  lies 
near  a  ventricle  the  latter  usually  becomes  dilated  by  the  falling  away  of 
its  walls  in  the  direction  of  the  cyst  of  disintegretion. 

Ischa3miG  softening  occurs  at  all  parts  of  the  central  nervous  system: 
in  the  brain  the  process  is  named  briefly  encephalomalacia,  in  the  cord 
it  has  been  called  myelomalacia. 

Softening  of  the  cold  affects  the  gray  matter,  the   white  matter,  or 
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both  together.  It  is  interesting  to  observe  that  the  anterior  iiorns  are 
more  liable  than  other  regions  to  undergo  anaemic  and  hsemorrhagic 
softening:  the  anterior  horn  corresponds  almost  exactly  with  the  vascular 
territory  of  one  of  the  arterial  twigs  entering  by  the  anterior  longitudinal 
fissure,  and  when  the  circulation  in  it  is  suspended  almost  all  the  motor 
ganglion-cells  in  the  corresponding  half  of  the  spinal  segment  must 
suffer. 

Any  part  of  the  basal  region  of  tlie  bi-ain  may  be  the  seat  of  soften- 
ing, and  the  disorders  of  function  thus  induced  are  of  the  most  various 
kinds.  Occurring  anywhere  in  the  pyramidal  (or  motor)  tract  it  leads  to 
motor  paralysis  which  is  usually  unilateral  (hemiplegia):  in  the  neigh- 
borhood of  the  bulbar  nuclei  or  the  conducting  paths  leading  from  them 
it  gives  rise  to  paralysis  of  one  or  more  of  the  cranial  nerves. 

In  the  cerebrum  softening  occurs  in  the  territory  of  tlie  basilar  or  of 
the  cortical  arteries.  Destruction  of  cortical  centres  thus  brought  about 
results  in  various  motor  and  sensory  paral3'ses.  Thus  destruction  of  the 
angular  gyrus  and  occipital  lobe  implies  loss  of  vision,  destruction  of 
the  central  convolutions  and  parietal  lobe  causes  paralysis  of  the  limbs 
on  the  opposite  side,  destruction  of  the  left  inferior-frontal  convolution 
in  right-handed  persons  induces  motor  aphasia,  and  so  on.  If  the  num- 
ber of  patches  of  cortical  softening  (Fig.  260)  be  great,  all  the  functions 
of  the  brain  may  be  more  or  less  impaired. 

Large  and  single  or  small  and  multiple  softening  occurring  in  the 
corona  radiata  or  internal  capsule  lead  to  interruption  of  the  motor  tract 
and  consequently  to  motor  paralysis. 

Localized  softening  in  the  anterior  horns  of  the  cord  is  followed  by  paralysis 
of  special  groups  of  muscles.  Thus  in  a  recent  case  observed  by  the  author  the 
muscles  of  one  arm  were  paralyzed,  in  another  one  arm  and  the  diaphragm; 
on  examination  patches  of  softening  were  in  each  case  found  in  the  anterior 
horn  of  the  middle  and  lower  portions  of  the  cervical  cord  on  the  same  side.  Such 
ischaemic  softenings  of  the  anterior  horns  are  frequently  misdescribed  by  clinical 
observers  as  due  to  anterior  poliomyelitis.  Ehrlich  and  Brieqer  (Zeitschr.  f. 
hlin.  Med.  1884)  found  that  after  temporary  ligature  of  the  aorta,  by  which  the 
lumbar  cord  was  deprived  of  blood  for  half  an  hour,  the  gray  matter  and  the  an- 
terior roots  were  completely  degenerated,  the  white  columns  still  remaining 
intact. 

644.  Softening  from  compression.  When  the  substance  of  the 
brain  or  cord  is  in  anyway  subjected  to  severe  compression,  degeneration 
of  the  compressed  tissue  sooner  or  later  sets  in.  Such  compression  is 
most  frequent  in  the  case  of  the  cord,  every  encroachment  on  the  narrow 
spinal  canal  involving  almost  of  necessity  a  pressure  on  the  soft  tissue 
which  it  cannot  escape.  For  example,  tuberculous  granulations,  caseous 
matter  and  pus  collecting  in  the  epidural  space  during  inflammatory 
disease  of  the  vertebrae,  tumors  of  the  bone,  dura  mater,  or  pia  mater, 
haemorrhagic   effusion  into  the   membranes,  varicosities  or  angiomatous 
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overgrowth  of  the  pial  vessels,  dilatations  of  the  central  canal  of  the  cord 
itself,  dislocation  of  the  vertebrae  such  as  occurs  in  caries  of  the  spine, 
all  give  rise  to  compression  of  the  nerve-substance. 

Loosening  or  rupture  of  the  ligaments  connecting  the  axis  and  atlas, 
such  as  occurs  in  carious  disease  of  the  upper  cervical  spine  or  occiput, 
or  a  blow  on  the  back  of  the  head  or  neck,  may  cause  the  odontoid  pro- 
cess of  the  axis  to  press  upon  the  medulla  oblongata. 

The  injurious  effect  of  sudden  or  gradual  compression  of  the  cord, 
apart  from  au}"  mechanical  damage  of  the  tissues,  is  doubtless  clue  in 
great  measure  to  disturbance  of  the  circulation,  leading  to  more  or  less 
protracted  anemia  of  the  nerve-substance.  When  this  reaches  a  certain 
degree  of  intensity  and  duration  anseraic  necrosis  and  softening  are  in- 
duced. In  like  manner  if  the  outflow  of  blood  be  hindered  by  the  com- 
pression we  have  heemorrhage  from  venous  engorgement.  The  white 
matter  is  the  first  to  soften;  the  gray  matter  usually  persists  for  a  time, 
its  blood-supply  being  derived  not  from  the  periphery  but  from  the  ves- 
sels of  the  longitudinal  fissures.  According  to  Kahler  six  hours  after 
compression  the  axis-cylinders  begin  to  swell  up  to  such  a  degree  that 
they  sometimes  seem  to  distend  and  stretch  the  meshes  of  the  neuroglia. 
After  the  second  day  they  begin  to  disintegrate,  often  becoming  vacuo- 
lated in  the  process. 

In  the  first  week  or  two  after  compression  the  substance  of  the  cord 
is  white  and  opaque  owing  to  the  quantity  of  nerve-detritus  which  is 
present.  Then  it  becomes  more  translucent,  and  at  length  gray  and 
gelatinous,  as  the  products  of  disintegration  are  absorbed.  At  the  same 
time  hyperplasia  of  the  neuroglia  sets  in,  and  continues  for  some  months, 
until  the  tissue  is  very  considerably  increased  in  amount  and  in  density 
(Art.  639,  Fig.  256).  If  the  hemorrhage  has  taken  place  during  the 
process  of  softening  the  gray  sclerotic  tissue  is  more  or  less  visibly  pig- 
mented. 

Compression  of  the  brain  differs  in  its  conditions  from  that  of  the 
cord  much  as  the  cranial  cavity  differs  from  the  spinal  canal.  Thus  if 
a  meningeal  tumor  slowly  encroaches  on  the  space  within  the  cranial 
cavity  room  is  made  for  it  by  an  efflux  of  lymph  or  cerebrospinal  liquid 
from  the  brain,  the  latter  so  far  altering  its  form  as  to  become  indented 
where  the  growth  presses  on  it.  The  brain-substance  remains  uninjured 
unless  the  tumor  is  of  considerable  size:  in  this  case  it  may  cause  a 
localized  simple  or  degenerative  atrophy.  Degeneration  is  more  common 
in  cases  of  tumor  growing  within  the  brain,  or  of  chronic  cerebral  ab- 
scesses, which  by  pressure  on  the  sound  tissue  give  rise  to  disturbance  of 
the  circulation. 

Sudden  encroachments  are  apt  to  damage  the  brain-substance,  such 
for  instance  as  are  caused  by  haemorrhages,  or  inflammatory  exudations 
into  the  meninges  or  ventricles.  Even  sudden  congestive  hyperaemia 
may  give  rise  to  dangerous  intracranial  pressure. 


SIMI'LE    AND    DKOENERATIVK    ATItOJMIY.  9G7 

Increased  am II X  of  blood  to  the  brain,  inflanitnatory  exudations,  and 
haeinorrha^^ic  cITusions  determine  in  the  first  instance  an  outUow  of  cere- 
brospinal liquid  from  the  cranium  into  the  spinal  canal:  Hornetimes  in- 
deed tlie  licjiiid  disphu^cd  is  so  abundant  that  t!ie  intervertobr^il  liga- 
ments bulge  under  its  pressure.  When  however  the  intracranial  pressure 
reaches  a  certain  j)oint  no  further  displacement  can  take  place,  the 
capillaries  of  the  brain  are  corn{)re!3sed,  the  (;irculatiori  comes  to  a  stand- 
still, and  the  impaired  nutrition  of  the  nerve-elements  results  in  impair- 
ment of  their  functions.  If  the  pressure  is  not  quickly  relaxed  by 
re-absorption  of  tlie  elTusion  or  by  cHlux  of  blood,  so  that  tlie  circulation 
is  restored,  and  death  does  not  at  once  ensue,  extensive  degencj-ative 
changes  may  take  place  in  the  parts  first  compressed.  In  remoter 
parts  the  pressure  relaxes  as  the  first  give  way.  Tiius  it  is  very  common 
to  find  a  zone  of  softening  immediately  surrounding  an  extravasation  of 
blooil  or  mi  effusion  into  a  ventricle,  but  not  extending  to  any  great  dis- 
tance. 

References: — Ekb,  ZiemsserVs  Cydopcedia  XIII. ;  Leyden,  Klinik  d.  Rucken- 
markskrankh.  1874-76;  Kahler  and  Pick,  Arch.f.  Psych,  x.;  Charcot,  Diseases 
of  the  nervous  system  il.  London  18S0,  Gaz.  med.  1874;  Bdcchard,  Diet.  ency.  d. 
sciences  med.  (second  series)  vm  ;  IMichaud,  Sur  la  myelite  et  la  meaingite  dans 
les  vial,  vertebr.  Paris  1871;  Bero.mann,  Deutsche  Chirurrjie  part  30,  1880; 
Kahlek,  Prag.  Zeitschr.  f.  Heilk.  iii. ;  Adamkiewicz,  Wien.  Sitzungsber. 
XLViii.  1883,  Wiener  Klinik  vm.,  ix.  (1834);  Wernicke,  Fortschritte  d.  Med.  ui. 
1885. 

Kahler  experimented  on  compression  of  the  cord  by  injecting  melted  wax 
into  the  spinal  canal.     Sclerosis  resulted  only  after  several  months. 

645.  SoftPiiini?  from  contusion  and  concussion.  When  the 
substance  of  the  brain  or  cord  is  contused  or  crashed,  or  even  violently 
shaken,  it  frequently  undergoes  complete  and  rapid  necrosis  and  ulti- 
mately disintegrates. 

A  moderatsly  abundant  spontaneous  hemorrhage  may  have  this 
effect,  but  among  mechanical  causes  the  commonest  are  dislocation  and 
fracture  of  the  vertebras,  blows  or  falls  on  the  head  (concussion),  cuts  or 
stabs  penetrating  the  bony  coverings  of  brain  or  cord,  and  projectiles 
reaching  the  central  nervous  tissues.  Splinters  of  bone,  such  for  exam- 
ple as  occur  in  deprecsed  fracture  of  the  skull,  sliould  also  be  included. 

The  death  of  the  nerve-substance  is  doubtless  due  to  the  direct  injury 
to  its  elements  and  the  rupture  of  their  connections,  and  in  part  to  the 
disturbance  of  the  circulation  and  consequent  failure  of  nutrition. 

When  the  injury  is  very  extensive  it  may  speedily  result  in  death. 
Where  the  contusion  is  less  severe,  as  in  the  case  of  a  blow  on  the  head, 
the  part  directly  injured  or  even  the  entire  brain  is  the  seat  ot  capillary 
hasmorrhage,  so  that  on  section  its  appears  mottled  or  speckled  with 
spots  of  red.  Extreme  violence  may  cause  immediate  disintegration  of 
the  tissue,  so  that  it  becomes  a  mere  mass  of  debris  and  blood.  Menin- 
geal hsemorrhage  is  an  almost  invariable  accompaniment. 
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The  changes  resulting  from  traumatic  destruction  of  the  nervous 
tissues,  provided  septic  inflammation  is  excluded,  exhibit  the  characters 
partly  of  auEemic  and  partly  of  hasmorrhagic  necrosis.  Liquefaction  and 
absorption  of  the  products  of  disintegration  ensue,  the  process  not  being 
essentially  different  from  that  described  in  connection  with  ischaemic 
necrosis,  though  the  subsequent  inflammatory  changes  are  apt  to  be 
somewhat  more  intense  than  in  the  latter  case  (Art.  658).  If  the  trau- 
matic softening  is  confined  to  the  cortex  of  the  brain,  we  find  some  time 
afterwards  defects  in  the  convolutions,  which  are  covered  over  by  a  mass 
consisting  of  collapsed  capillaries,  unabsorbed  detritus,  and  granule- 
cells.  Sometimes  sclerotic  thickening  of  the  underlying  brain-tissue 
takes  place. 

It  is  worth  remarking  that  the  degenerative  changes  set  up  by  trau- 
matic violence  such  as  we  have  just  described  occasionally  go  on  for 
years  after  the  initial  injury,  and  that  a  gradually  advancing  disintegra- 
tion of  the  borders  of  the  soften^ed  region  takes  place,  by  which  in  the 
course  of  time  a  very  extensive  destruction  of  tissue  is  effected.  Thus 
for  example  after  a  blow  on  the  forehead  the  whole  of  the  frontal  lobe 
may  perish.  Probably  this  progressive  destruction  depends  on  some 
secondary  disease  of  the  blood-vessels  or  obstruction  of  the  lymphatics, 
which  gives  rise  to  permanent  disorder  of  circulation  and  nutrition. 

If  the  effect  of  the  initial  injury  is  slight  there  may  be  no  general 
disintegration  of  tissue,  the  damage  perhaps  not  extending  beyond  the 
necrosis  and  calcification  of  a  few  ganglion- cells. 

The  changes  in  the  cord  are  exactly  similar  to  those  in  the  brain 
under  the  same  conditions  (Art.  659). 

The  clinical  symptoms  of  coucussion  of  the  brain  and  cord  (commotio  cerebri 
et  mediilloe  spinalis),  namely  partial  or  t6tal  loss  of  consciousness,  confusion  of 
mind,  muscular  weakness,  disorder  of  the  functions  of  the  cord,  etc.,  are  not  de- 
pendent on  the  local  damage  alone.  Even  in  rapidly  fatal  cases  this  damage  may 
be  but  slight.  There  is  in  fact  a  disturbance  of  the  functions  of  the  entire  organ, 
due  doubtless  to  the  mechanical  shock  which  affects  detrimentally  the  whole  of 
the  nerve-substance  (Koch,  Filehne,  Witkowski,  Bergmann). 

In  infants  who  die  soon  after  birth  we  often  meet  with  subdural  and  intra- 
meningeal  haemorrhages,  due  no  doubt  to  rupture  of  the  venous  sinuses  or  sub- 
arachnoid veins  from  displacement  and  compression  of  the  cranial  bones  in  the 
act  of  parturition. 

Workmen  engaged  in  bridge-building  and  exposed  to  high  air-pressure  in 
sunken  caissons  are  sometimes  seized  with  pai'alysis  w^hen  they  come  out  sud- 
denly into  the  free  air.  Leyden  {Arch.  f.  Fsych.  ix.)  found  in  some  of  them 
small  patches  of  degeneration  in  the  cord.  These  he  attributes  to  the  rapid 
escape  of  gas  (oxygen)  from  the  blood,  which  had  under  high  pressure  absorbed 
it  in  excess,  the  bubbles  probably  forming  small  emboli  in  the  vessels. 

References: — Bergmann,  Kopfverletzungen,  Deutsche  Chirurgie  part  30,  1880; 
Fischer,  Sammlung  klin.  Vortrdge  10,  27;  Bruzelius  and  Key,  Virchow's 
Jahresber.  ii.  (1880);  FronmIjller,  Die  Ruckenmarkszerreissung,  Memorabilien 
1876;  W.  MULLER,  Path.  Anat.  u.  Physiol,  d.  Ruckenmarks  Leipzig  1871;    Erb, 
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Ziemssen's  CijclopcpAia  xiii.;  Olemkns,  Die  Erschutterung  d.  Ruekenmarka, 
Deutsche  KUnik  18G3-65;  Ober^trinicr,  Wlemr  med.  Jahrb.  1879;  voN  Ri:cK- 
LINQHAUSEN,  Virch.  Arch.  vol.  30;  Jolly,  Stud.  a.  d.  Inst.  f.  exp.  Path.  Vienna 
1870;  Krapft-Ebing,  Die  d.  Gehirnerschutt.  u.  Kopfvcrletzungen  hervorgeTu- 
fenen  psych.  Krankh.  Erlangeu  1808;  Kocil  and  Filehne,  Lfxngenbeck's  Arch. 
XVII.  (1874);  WITKOWSKI,  Virch.  Arch.  vol.  69. 

646.  Secondary  degeneration  of  the  tracts  (systemic  degenera- 
tions). Destruction  of  certain  parts  of  the  brain  and  cord  is  followed  by 
a  degeneration  of  certain  corresponding  tracts  of  nerve-fibres,  which  is 
called  secondary  degeneration.  It  is  probably  due  to  the  fact  tliat  the 
affected  tracts  are  severed  from  their  '  trophic  centres/  or  that  these  lat- 
ter are  destroyed.  We  have  ascending  and  descending  secondary  degen- 
eration, according  to  the  direction  in  which,  the  process  advances. 

Descending  degeneration  is  commonest  in  the  pyramidal  tracts 
(Art.  626,  Fig.  246  Pvb  Psb),  and  takes  place  in  all  cases  in  which  the 
motor  centres  of  the  cerebral  cortex  are  destroyed,  or  in  which  the  motor 
tract  as  it  passes  through  the  corona  radiata,  the  internal  capsule,  the 
peduncular  region,  or  the  pyramidal  columns,  is  anywhere  interrupted. 
The  degeneration  extends  down  to  the  points  at  which  the  motor  fibres 
leave  the  anterior  horns  of  the  cord.  In  rare  cases  the  ganglion-cells  of 
the  anterior  horns  also  are  atrophied,  and  then  the  motor  fibres  in  the 
anterior  roots  of  the  spinal  nerves  become  degenerate.  When  the  de- 
struction of  the  cortical  centres  is  incomplete  or  only  superficial  it  is  not 
usually  followed  by  secondary  degeneration.  It  must  however  be  borne 
in  mind  that  in  insane  paralytic  patients,  in  whom  extensive  superficial 
atrophy  of  the  motor  region  of  the  cortex  has  resulted  from  chronic  in- 
flammation, we  meet  with  degeneration  of  the  pyramidal  tract:  this  is 
however  probably  a  secondary  disease  of  the  cord  rather  than  a  secondary 
degeneration  in  the  strict  sense  of  the  term  (Art.  647). 

When  the  primary  disease  is  in  the  cord,  and  such  that  the  motor 
tract  is  entirely  interrupted,  the  anterior  pyramidal  tract  below  the  af- 
fected section  becomes  atrophied,  but  only  for  a  distance  of  one  or  two 
centimetres,  a  few  fibres  perhaps  showing  degenerative  change  for  a 
greater  distance.  In  the  case  of  the  posterior  columns  of  Burdach  the 
degeneration  extends  downward  along  some  fibres  as  much  as  six  centi- 
metres. The  latter  are  perhaps  fibres  which  enter  with  the  posterior 
roots  and  then  pass  downwards  for  a  certain  distance  in  the  substance  of 
the  cord  (Schultze). 

According  to  Charcot  when  the  anterior  portion  of  the  internal  cap- 
sule is  destroyed  secondary  degeneration  appears  in  a  bundle  of  fibres 
passing  through  the  middle  of  the  crustal  stratum  of  the  crus  to  the 
pons  and  probably  ending  in  some  of  the  nuclei  of  the  medulla. 

Ascending  degeneration  follows  upon  destruction  of  the  cord  or  of 
the  posterior  root-fibres  of  the  spinal  nerves. 

If  the  cord  is  cut  across  all  the  posterior  tracts  degenerate  for  a  short 
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distance  above  the  point  of  section,  the  columns  of  G-oU  (Fig.  246  fgr) 
alone  degenerate  for  a  greater  distance,  namely  up  to  the  nucleus  of  the 
funiculus  gracilis.  Destruction  of  the  posterior  roots  has  the  like  effect. 
It  is  thus  rendered  probable  that  the  columns  of  Goll  have  their  trophic 
centre  in  the  spinal  ganglion-cells. 

If  the  cord  is  cut  in  the  upper  dorsal  region  the  direct  cerebellar 
tracts  (Fig.  246  Ksh)  above  the  lesion  become  degenerate:  they  pass 
from  the  vesicular  columns  (of  Clarke)  to  the  cerebellum.  According 
to  ScHULTZE  a  small  region  of  the  lateral  column  near  the  periphery 
also  undergoes  atrophy. 

Secondary  degeneration  occurs  chiefly  after  ischgemic  softening, 
atrophy  from  compression,  and  haemorrhagic  or  inflammatory  destruc- 
tion of  the  tracts  and  cejatres  indicated.  It  does  not  always  follow 
upon  sclerosis  of  the  cord  or  brain,  inasmuch  as  the  conducting  tracts 
are  apparently  not  always  entirely  interrupted  in  passing  through 
sclerotic  patches. 

The  degeneration  takes  place  simultaneously  over  the  whole  extent 
of  the  affected  tract.  It  is  recognizable  under  the  microscope  in  the 
second  week  after  the  initial  lesion,  disintegration  of  the  medullary 
sheath  and  axis-cylinder  of  the  nerve-fibres  having  by  that  time  begun. 
When  it  has  advanced  to  a  certain  point  absorption  of  the  products  of 
disintegration  begins,  and  the  familiar  granule-cells  make  their  appear- 
ance. The  space  vacated  by  the  atrophied  fibres  is  filled  up  partly  by 
effusion  of  liquid,  partly  by  hyperplasia  of  the  neuroglia,  though  it 
may  be  months  or  years  before  the  latter  becomes  fairly  dense  and  com- 
pact (Art.  639,  Figs.  255,  256). 

So  long  as  the  degenerate  tracts  contain  abundance  of  detritus 
they  are  white,  opaque,  and  soft.  As  absorption  goes  on  they  become 
gray  and  translucent;  when  sclerosis  takes  place  they  become  firm,  and 
at  the  same  time  shrink  in  volume. 

In  the  text  we  have  spoken  only  of  total  secondary  degeneration  of  the  longi- 
tudinal tracts  of  t  he  brain  and  cord.  Of  course  particular  bundles  of  fibres  may 
likewise  undergo  degeneration,  and  even  the  short  transverse  or  commissural 
fibres  of  the  cord.  Schultze  met  with  a  case  of  traumatic  injury  to  the  sciatic 
fibres  in  the  lumbar  coi*d,  in  which  only  the  posterior  portions  of  the  columns  of 
Goll  were  atrophied.  Nerve-tracts  degenerate  from  the  initial  lesion  up  to  the 
next  terminal  organ,  and  apparently  in  the  direction  of  normal  conduction. 
Some  of  the  fibres  of  the  cord  however  do  not  degenerate  in  either  direction 
after  an  interrupting  lesion  (Flechsig). 

Bouchard  and  Schiefferdeckek  found  secondary  degeneration  14  days  after 
lesion,  W.  Muller  13  days,  and  Kahler  and  Pick  11  days. 

References:— TURCK,  Zeitsehr.  d.  Oesell.  d.  Aerzte  in  Wien  1850,  Wiener 
Sitzungsber.  vi.  (1851),  xi.  (1853);  Waller,  Muller's  Arch.  1852;  Westphal, 
Arch.  f.  Psych,  ii.;  Simon,  ibid,  v.;  Leyden,  Deutsche  Klinik  1863,  Klin.  d. 
Eilckenmarkskr.  ii. ;  Bouchard,  ^rc/i.  generales  1866;  Gudden,  Arch.  f.  Psych. 
II.  (1869);  Charcot,  Diseases  of  the  nervous  system  London  1878-80,  Legons  sur  la 
localis.  dans  les  mal.  d.  cerveau  i.  Paris  1878-80,   Progres  vied.  1879;  Flechsig. 
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jyi,e  Leitungsbahnen  Leipzig  1876,  Arch.  d.  Heilk.  xviii.  (1877),  Ueher  Systemer- 
fcranfeMnr/en  Leipzig  1878;  Schultze,  Cent.  f.  med.  Wlsh.  187G;  Virch.  Arch.  vol. 
79,  Arch.  f.  Psych,  xiii.,  xiv. ;  Meyek,  ibid,  xiii.;  Kaiileu  and  Pick,  ibid,  x.; 
BiNSWANQER,  ibid.  XI.;  ScriiEFFiciiDECKEii,  Virch.  Arch.  vol.  07;  Hayem,  Arch, 
dephysiol.  v.  (1873);  Homen,  Vii^ch.  Arch.  vol.  88,  Forlachrittcd.  Med.  in.  (1885); 
Ekb,  ZiemsserCs  Cyclopaedia  xni.;  Neelsen,  D.  Arch.  f.  Iclin.  Med.  xxiv.  (1879); 
Ferrier,  Localization  of  cerebral  disease  London  1878,  Trans,  internal,  med. 
congress  I.  London  1881;  Bramwell,  Diseases  of  the  spinal  cord  Edinburgh  1884; 
Earth,  Arch.  d.  Heilk.  x. ;  Muller,  Path.  Anat.  d.  Rilckenm.  1871;  Isartier, 
Des  degen.  second,  de  la  moelle  epin.  consec.  aux  lesions  du  cerveau  Paris  1878; 
LOWENTHAL,  Fortschrttte  d.  Med.  l.  (1883);  Mendel,  Neurolog.  Centralb.  I.  (1882); 
Martinotti,  Sidle  degen.  sistem.  del  midollo  spin,  second.,  Collezione  Hal.  di 
medicina  (3d  series)  11  and  13,  1885;  Langley,  Brain  viii.  1880. 

647.  Primary  scleroses  of  the  columns  of  the  cord.  Primary 
sclerosis  or  gray  degeaeration  is  a  change  extending  over  entire  tracts 
or  columns  of  the  spinal  cord:  it  resembles  secondary  degeneration  in 
its  course  and  results,  differing  from  it  however  in  the  apparent  absence 
of  any  interrupting  lesion  of  the  conducting  paths. 


Fig.  261.    Sclbeosis  op  the  posterior  white  columns  of  the  cord. 
{.Section  treated  with  Mailer's  fluid,  hcematoxylin,  carmine,  and  perosmic  acid,  and  mounted 

in  glycerine:  X  150.) 
o,    section  of  normal  nerve-fibres  d,    blood-vessel 

6,    granule-cells  e,    granule-cells   in   the    lymph-sheath    of    the 

c,    neuroglia  with  nuclei  vessel  d 

Its  essential  characters  are  degeneration  of  the  nerve-fibres  and  hyper- 
plasia of  the  connective  tissue  (sclerosis),  but  the  relations  of  these  are 
somewhat  different  from  those  observed  in  secondary  degeneration. 
Disintegration  of  the  nerve-elements  and  increase  of  the  neuroglia  be- 
gin almost  simultaneously  and  go  on  side  by  side:  indeed  some  have  re- 
garded the  neurogliar  hyperplasia  as  the  primary  disorder  and  the 
degeneration  of  nerve  substance  as  secondary  to  it.  There  is  however 
no  real  doubt  that  the  degeneration  is  the  primary  and  essential  feature 
of  the  disease. 

The  medullary  sheaths  are  the  first  to  disintegrate,  and  then  the 
axis-cylinders;  the  degenerating  tract  thus  loses  in  succession  a  number 
of  its  fibres,  greater  or  less  according  to  the  duration  of  the  affection 
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(Fig.  261).  Fat-granule  cells  (5  e)  appear,  as  in  all  nerve  degenerations, 
and  accumulating  chiefly  in  the  lymph-sheaths  (d)  of  the  vessels  are 
carried  ofE  by  these  channels.  While  this  is  goinsj  on  the  cells  of 
the  neuroglia  (c)  begin  to  multiply,  and  as  the  nerve  elements  dwindle 
and  disappear  the  connective  tissue  increases  and  fills  their  places 
Thickening  of  the  vessel-walls  also  takes  place. 

Sclerosis  is  commonest  in  the  posterior  columns  of  the  oord,  and  i 
the  anatomical  basis  of  the  disease  known  as  tabes  dorsalis  or  locomo 
tor  ataxv 


Fig.  862. 


Fig.  263. 


a  6  b  (V  c 


Fig.  204. 


la.    *J 


Fig.  262.    Complete  sclerosis  op  posterior  columns  and  atrophy  op  posterior  roots. 
{Section  through  dorsal  region ;  X  5. ) 

cuneate  fasciculus  c,    atrophied  posterior  root 

column  of  QoU 

Fig.  263.    Sclerosis  op  posterior  and  lateral  columns. 
(Section  through  upper  lumbar  region :  X  5.) 
cuneate  fasciculus  c,    atrophied  posterior  root 

column  of  Qoll  d,    posterior  portion  of  lateral  column 


Fig.  264.    Sclerosis  op  posterior  columns  and  op  marginal  region. 
(After  WESTPHAL :  section  through  cervical  region :  X  5.) 

a,  evmeate  fasciculus  fc,    marginal  sclerosis   along   direct  (or  lateral) 

b,  column  of  Goll  cerfebellar  tract 
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In.  advanced  cases  the  degeneration  and  sclerosis  may  extend  over 
the  entire  section  of  the  posterior  columns  in  the  dorsal  region  of  the 
cord  (Fig.  262).  In  the  lumbar  region  (Fig.  263)  the  anterior  portion 
of  the  section  is  almost  always  exempt.  In  the  cervical  region  (Fig. 
264)  two  lateral  segments  of  the  anterior  portion  are  spared  or  but 
slightly  affected.  The  changes  are  usually  (unless  the  degeneration  is 
universal)  most  marked  in  the  lumbar  and  dorsal  regions,  though  cases 
occur  in  which  the  cervical  region  is  the  most  affected.  The  degenera- 
tion ascends  within  the  columns  to  beyond  the  obex  of  the  calamus 
scriptorius  and  ceases  about  the  level  of  the  strice  acusticce  (Fig.  248, 
Art.  629). 

When  the  degeneration  of  the  posterior  columns  is  well-advanced 
their  outer  surface  assumes  a  gray  or  grayish-red  tint,  and  on  section 
the  tissue  appears  quite  gray  and  translucent.  At  the  same  time  the 
columns  appear  somewhat  shrunken. 

The  posterior  nerve  roots  are  always  more  or  less  atrophic  and  gray, 
the  atrophy  being  greatest  when  the  general  degeneration  is  most  ad- 
vanced. The  posterior  root-fibres  within  the  cord  are  likewise  atrophic; 
and  not  alone  those  which  pass  forward  through  the  substance  of  the 
posterior  columns  but  also  those  which  traverse  the  posterior  root-zones. 
In  rare  cases  some  of  the  ganglion  cells  of  the  gray  matter  are  destroyed. 

This  degeneration  of  the  posterior  columns  with  the  accompanying 
changes  in  the  posterior  roots  is  usually  an  independent  and  uncompli- 
cated malady:  but  cases  occur  in  which  simultaneously  or  subsequently 
portions  of  the  lateral  columns  also  undergo  degeneration  (Fig.  263  d). 

The  portions  most  apt  to  be  invaded  are  the  posterior  (pyramidal 
tracts)  and  the  marginal  (direct  cerebellar  tracts.  Fig.  264  k):  some- 
times the  marginal  sclerosis  extends  right  round  to  the  anterior  col- 
umns. 

A  second  form  of  primary  degeneration  is  that  known  as  amyotro- 
phic lateral  sclerosis.  It  is  essentially  a  degeneration  of  the  lateral 
columns  extending  over  the  whole  length  of  the  cord,  and  accompanied 
by  atrophy  of  the  ganglion-cells  of  the  anterior  horns  and  the  equiva- 
lent gray  nuclei  in  the  medulla. 

The  degeneration  of  the  white  matter  is  marked  by  atrophy,  disinte- 
gration, and  disappearance  of  nerve  fibres,  together  with  increase  of 
connective  tissue,  though  the  sclerotic  induration  is  not  usually  so  ex- 
treme as  in  the  corresponding  affection  of  the  posterior  columns.  Only 
when  the  disease  has  lasted  a  very  long  time  the  new  fibrous  tissue  be- 
come dense  and  compact. 

In  many  cases  the  degeneration  is  limited  to  the  lateral  pyramidal 
tracts  (Fig.  265  h):  and  thus  where  these  tracts  have  a  well-marked 
contour  on  section,  namely  in  the  cervical  region,  the  disease  is  also 
sharply  defined;  where  they  are  interpenetrated  by  other  systems  of 
fibres  and  extend  forwards,  as  in  the  dorsal  region,  it  is  difficult  to  make 
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out  the  exact  extent  of  the  disease.  If  the  pyramidal  tracts  have  de- 
cussated completely  at  the  medulla,  the  degeneration  is  confined  to  the 
lateral  columns  (Fig.  265  b);  but  if  some  of  the  strands  are  undecus- 
sated  then  the  anterior  (or  uncrossed)  pyramidal  tracts  are  also  affected. 
In  other  cases  again  the  short  tracts  in  the  anterior-lateral  columns 
variously  described  as  principal  tracts  (Flechsig)  and  anterior  root- 
zones  (Charcot)  undergo  a  like  change.  These  tracts  connect  the 
various  segments  of  the  cord  with  each  other  and  with  the  medulla, 
and  include  root-fibres  which  run  longitudinally  for  a  certain  distance 
within  the  cord  before  passing  out  with  the  roots. 

The  direct  cerebellar  tracts  are  invariably  exempt.  In  an  ascending 
direction  the  disease  has  been  traced  up  to  the  pons  and  crura  cerebri, 
but  no  further.  We  are  thus  ignorant  of  the  upper  limit  of  the  change, 
and  it  is  quite  possible  that  it  sometimes  extends  up  to  the  cortex. 


Fig.  265.    Amyotrophic  lateral  sclerosis. 

(Secton  through  the  cervicaZ  cord:    X  10.) 

a,  anterior  horns,  the  ganglion-cells  of  which'have  almost  all  disappeared 
6,  diseased  region  of  the  lateral  column  corresponding  to  the  completely  decussated  pyramidal 
tract 


In  the  anterior  horns  it  is  chiefly  the  most  anterior  ganglion-cells 
which  perish  (Fig.  265  a);  those  of  the  intermedio-lateral  tract  are 
scarcely  if  at  all  affected;  while  those  of  darkens  columns  are  quite 
exempt. 

Of  the  motor  nuclei  of  the  cerebral  axis  those  of  the  hypoglossal, 
facial,  and  spinal  accessory  nerves  are  the  most  liable  to  atrophic  change; 
and  to  a  very  much  less  extent  those  of  the  abducens  and  trigeminal 
nerves.  Details  regarding  the  limits  to  which  the  atrophy  may  extend 
are  unfortunately  lacking. 

In  proportion  to  the  atrophy  of  the  motor  ganglion -cells  in  the  cord 
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and  medulla  we  have  of  course  progressive  atrophy  of  the  corresponding 
motor  nerves  and  muscles. 

Amyotrophic  lateral  sclerosis  is  from  a  pathological  point  of  view 
closely  akin  to  anterior  poliomyelitis,  or  spinal  paralysis  with  wasting  of 
the  ganglion-cells  in  the  anterior  horns  (Arts.  G40,  659). 

Charcot,  Erb  {Virch.  Arch.  vol.  70),  and  others  incline  to  the  belief  that  a 
primary  form  of  sclerosis  of  the  pyramidal  tracts  exists,  unaccompanied  by 
degeneration  of  the  anterior  horns,  and  giving  rise  to  a  group  of  symptoms 
described  by  Erb  as  spastic  spinal  paralysis,  by  Berqer  as  primary  lateral 
sclerosis,  and  by  Charcot  as  spasmodic  tabes  dorsalis.  Stoffela  (IVien.  med. 
Woch.  21,  1878)  describes  a  case  of  sclerosis  of  the  lateral  columns  only,  but  the 
anatomical  examination  was  not  sufficiently  minute  to  prove  tliat  it  was  a 
primary  lateral  sclerosis.  The  like  is  true  of  the  older  instance  given  by  TiJRCK 
(Wiener  Sitzungsber.  xxi.  1856).  Probably  it  was  a  case  of  amyotrophic  lateral 
sclerosis.  See  however  Dreschfeld,  Journ.  of  Anat.  and  Physiol,  xv.  1881,  and 
the  cases  and  references  given  by  Ross,  Diseases  of  the  nervous  system  ii.  London 
1883,  Tue  autlior's  experience  induces  him  to  agree  with  Leyden  (SerZ.  klin. 
Woch.  48,  1878),  Schulz  {D.  Arch.  f.  Idin.  Med.  xxni.),  Weiss  (Wien.  med. 
Woch.  1883),  and  STRtJiiPELL  (Arch.  f.  Psych,  x.),  in  their  view  that  the  symptoms 
of  spastic  spinal  paralysis  may  be  caused  by  disseminated  sclerosis,  myelitis, 
degeneration  from  compression,  tumors,  spinal  meningitis,  hydromyelia,  etc. 
The  nature  of  the  lateral  sclerosis  of  clironic  insane  paralytic  patients  (West- 
PHAL,  Virch.  Arch.  vol.  40;  Schultze.  Arch.  f.  Psych.  IX.)  is  still  in  dispute: 
Flechsig  regards  it  as  a  secondary  degeneration,  Westphal  as  a  primary  affec- 
tion. 

References  on  the  morbid  anatomy  of  tabes  dorsalis; — Leyden,  Die  graue 
Degen.  d.  hint.  RiicJcenmarksstrdnge  Berlin  186-3,  Klinik  d.  Ruckenmarkskr.  ii., 
D.  Zeitschr.  f.  klin.  Med.  1877,  Art.  Tabes  dorsalis  in  Realencyclop.  d.  gesammt. 
Heilkunde;  Pierret,  Arch.  d.  physiol.  iii.  (1870),  iv.,  v.,  Les symptomes  cephaliques 
du  tabes  dorsalis  Fails  1870,  Gaz.  vied,  de  Paris  1882;  Frommann,  Unters.  iXb. 
norm,  u.path.  Anat.  d.  Riickenmarks  Jena  1867;  Rindfleisch,  Path.  Histology  ii. 
London  1873;  Solly  and  Clarke,  St.  Thos.  Hasp.  Reports  1870;  Westphal, 
Arch.f.  Psych,  v.,  ix.,  xiL,  xvi.;  Wolff,  ibid.  xii. ;  Adamkiewicz,  ibid,  ix.,  x. 
XII.,  Trans,  internat.  vied,  congressu.  London  1881,  Die  RUckenmarksschwindsucht 
Vienna  1885;  Takacs,  Cent.  f.  med.  Wiss.  1878,  Arch.  f.  Psych,  ix. ;  Charcot, 
Diseases  of  the  nervous  system  London  1876-80;  Vulpian,  Maladies  du  systeme  ■ 
nerveux  Paris  1879;  Sims  Woodhead,  Journ.  of  Anat.  and  Physiol,  xiv.  (1882); 
Erb,  Ziemssen's  Cyclopaedia  xiii.;  Friedreich,  Virch.  Arch.  vols.  26,  27,  6S,  70; 
Strumpell,  Naturforscherversammlung  in  Salzburg  1881,  Arch.  f.  Psych,  xn. 
(1882)  (and  Pram  V.  1882);  Jaderholm,  Nord.  med.  Arkiv.  L;  Kahler,  Zeitschr. 
f.  Heilk.  II.  (1882);  Raymond  and  Artaud,  Soc.  de  biol.  July  1882;  Ross,  Dis- 
eases of  the  nervous  system  ll.  London  1883  (with  numerous  references);  Bram- 
well.  Diseases  of  the  spinal  cord  Edinburgh  1884  (for  good  figures);  Buzzard, 
Brain  vi.  1884  (disease  of  blood-vessels);  Kraus,  Neurolog.  Centralb.  1885; 
Dejerine,  Arch,  de  physiol.  1884;  Babinski,  ibid.  1885;  Lissauer,  Fortschritte  d. 
Med.  III.  1885. 

References  on  amyotrophic  lateral  sclerosis  and  bulbar  paralysis: — Duchenne^ 
Gaz.  hebdom.  1859,  1861;  Charcot,  Diseases  of  the  nervous  system  u.  London 
1880;  Flechsig,  Ueber  Systemerkrankiuigen  Leipzig  1878;  Barth,  .Arc/i.  d.  Heilk. 
XII.,  XV.;  DuMENiL,  Gaz.  hebdom.  1867;  Leyden,  op.  eit..  Arch.  f.  Psych,  ii., 
HI.,  VIII.;  Maier  and  Kussmaul,   Virch.    Arch.  vol.   61;  Gombault,  Arch,   de 
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physiol.  IV.;  Pick,  Arch.  f.  Psych,  viii.;  Pitres,  Arch,  de physiol.  1876;  Lepine, 
Gaz.  med.  de  Paris  17,  1878;  Westphal,  Virch.  Arch.  vol.  40;  Kussmaul,  Samvi- 
lung  hlin.  Vortrdge  54;  Worms,  Arch,  de  physiol.  iv.  (1877);  Cornil  and  Lepine, 
Gaz.  vied,  de  Paris  1875;  Ferrier,  Lancet  1, 1881;  Stadelmann,  D.  Arch.  f.  klin. 
Med.  xxxiii.;  Moeli,  Arch.f.  Psych,  x. ;  Vierordt,  ibid.  xiv. ;  Dejerine,  Arch, 
de  physiol.  vi.  (1883);  Minkowski,  D.  Arch.f.  Min.  Med.  xxiv.  (1884);  Ormerod, 
Brain,  viii.  1886  (a  critical  digest). 

On  sclerosis  affecting  more  than  one  tract  (' combined  degeneration'): — 
Westphal,  Virch.  Arch.  vols.  39,  40,  Arch.f.  Psych,  v.,  viii.,  ix.  xv.  (causation 
of  spastic  spinal  paralysis);  Kahler  and  Pick,  ibid,  viii.,  x. ;  Schultze,  Virch. 
Arch.  vol.  79,  Arch.  f.  Psych,  v.;  Friedreich,  Virch.  Arch.  vols.  26,  27,  68,  70; 
Strumpell,  Arch.f.  Psych,  xi.;  Prevost,  Arch,  de  physiol.  iv.  (1877);  Wolff, 
Arch.  f.  Psych,  xii.;  Hamilton,  New  York  med.  record  xv.  (1879);  Babesiu, 
Virch,  Arch.  vol.  76;  Ormerod,  Brain  vii.  1885  (a  critical  digest  of  the  literature), 

648.  From  what  we  have  said  in  the  last  Article  it  will  be  seen  that 
both  in  tabes  dorsalis  and  in  amyotrophic  lateral  sclerosis  the  morbid 
change  follows  the  course  of  certain  definite  tracts,  and  the  question  at 
once  arises  whether  in  these  cases  we  have  what  with  Flechsig  we  may 
call  primary  systemic  diseases.  If  by  a  '  system  Mve  mean  one 
definite  group  of  homologous  nerve-fibres  and  their  ganglion-cells,  and 
this  only,  these  affections  can  hardly  be  described  as  simply  '^  systemic/ 
inasmuch  as  at  least  in  tabes  various  systems  are  involved.  Tabes  would 
in  that  case  be  properly  described  as  a  combined  systemic  disease 
(Strumpell).  But  if  we  include  under  the  term  '  system '  a  group  of 
fibres  and  cells  all  functionally  related,  both  tabes  and  amyotrophic 
lateral  sclerosis  are  systemic. 

The  morbid  cliange  in  tabes  has  been  variously  interpreted  by 
different  authors.  Leyden  regards  it  as  a  degenerative  process,  Cyon", 
Friedreich,  and  Frommajstn'  regard  it  as  inflammatory,  Charcot  calls 
it  a  parenchymatous  inflammation,  Erb  a  chronic  myelitis,  Adam- 
KiEWicz  thinks  the  essential  fact  is  a  chronic  degeneration  of  the  con- 
nective tissue. 

Minute  microscopic  examination  shows  however  that  the  process  is 
essentially  a  degenerative  one,  having  nothing  to  do  with  inflammation; 
and  Strumpell  accurately  expresses  the  facts  when  he  describes  it  as  a 
degeneration  of  functionally  related  nerve-fibres. 

According  to  Pierret,  Charcot,  and  Strumpell  the  disease  begins 
with  the  degeneration  of  certain  strands  of  fibres  running  through  the 
middle  of  Burdach^s  columns  (Fig.  366  a),  and  usually  in  the  lumbar 
and  dorsal  regions  of  the  cord.  At  the  same  time  degenerate  fibres 
appear  in  the  posterior  nerve-roots,  and  along  the  inner  (or  median) 
aspect  of  Goll's  columns  in  the  dorsal  and  cervical  regions  there  is  a 
sclerotic  strip.  After  a  time  Burdach's  columns  in  the  cervical  region 
are  likewise  invaded. 

We  have  thus  at  first  patches  and  strips  of  degeneration  occurring  in 
centripetal  fibres  which  enter  the  cord  through  the  posterior  roots.  This 
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is  followed  by  secondary  ascending  degeneration  of  the  fibres  initially 
attacked  in  the  lower  part  of  their  course.  Tabes  according  to  this  view 
then  is  a  localized  multiple  ascending  degeneration  primarily  affecting  a 
part  of  the  region  of  the  posterior  columns,  which  with  its  associated 
secondary  degenerations  extends  in  the  course  of  years  over  nearly  the 
whole  of  that  region. 

As  to  the  cause  of  the  first  onset  of  the  affection — whether  it  depends 
on  some  congenital  or  acquired  weakness  of  the  centripetal  tracts,  or  on 
disordered  nutrition  from  disturbance  of  the  circulation — it  is  not  easy 
to  decide.  The  fact  that  some  forms  of  tabes  appear  to  be  inherited  or 
at  least  congenital  (Fried/iexch)  supports  the  former  supposition,  while 
the  latter  agrees  with  the  observation  that  very  frequently  we  find 
almost  from  the  commencement  of  the  disease  like  disorder  of  the  optic, 
oculomotor,  and  trigeminal  nerves,  while  simultaneously  with  its  pro- 
gress multiple  patches  of  sclerosis  appear  in  other  parts  of  the  brain  and 


Fig.  266.    Commencing  sclekosis  of  the  posterior  columns. 
{After  CHARCOT:  section  from  the  dorsal  region :    X  5.) 
a,  sclerotic  patch  in  the  cuneate  fasciculus  6,  sclerotic  patch  in  the  columns  of  Goll 

cord.  When  simultaneous  degeneration  of  other  systems  of  fibres  takes 
place  we  can  only  suppose  that  the  like  weakness  of  organization  or  dis- 
order of  nutrition  is  affecting  them  also.  At  least  there  is  no  ground 
for  the  theory  that  the  imagined  inflammatory  process  has  extended 
by  continuity  from  the  primarily  diseased  posterior  columns  to  other 
tracts. 

At  present  we  cannot  say  anything  as  to  the  real  nature  of  the  excit- 
ing cause.  Clinical  observers  mention  a  great  variety  of  predisposing 
conditions,  such  as  cold,  over-exertion,  sexual  excess,  etc.  FouR:ifiER, 
Erb,  Gowers,  and  others  have  lately  laid  special  stress  on  syphilis  as 
the  commonest  of  all  antecedents  of  tabes.  If  when  the  pathogenic 
agency  is  extrinsic  the  sensory  tracts  alone  are  affected,  we  must  assume 
either  that  they  have  been  congenitally  weaker  than  the  others,  or  that 
they  are  normally  less  able  to  resist  certain  forms  of  injury. 

The  like  difficulties  arise  in  the  case  of  amyotrophic  lateral  sclerosis. 
Here  also  we  are  driven  to  conclude  that  the  disease  is  a  result  of  a 
18 
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localized  degeneration  occurring  primarily  in  the  region  of  the  motor 
tract,  perliaps  also  m  the  motor  nuclei,  and  followed  by  a  secondary 
degeneration  along  the  course  of  the  pyramidal  fibres.  This  is  the  more 
likely  inasmuch  as  the  degeneration  of  the  pyramidal  tracts  is  most 
marked  and  typical  when  the  degeneration  affects  chiefly  the  medulla 
oblongata;  while  a  like  degeneration  beginning  in  the  gray  matter  of  the 
lumbar  cord  is  not  as  a  rule  followed  by  any  appreciable  change  in  tlie 
pyramidal  tracts  (Art.  640).  In  some  cases  indeed  (Ziegler)  the 
medulla  shows  not  only  atrophy  of  the  ganglion-cells  of  the  gray  nuclei 
but  also  patches  of  softening  in  the  white  matter  of  the  pyramids: 
descending  secondary  degeneration  may  well  start  from  the  latter  also. 

When  portions  of  the  white  matter  of  the  anterior  root-zones  and 
neighboring  lateral  regions  are  affected  as  well  as  the  pyramidal  tracts, 
\ve  may  explain  the  apparent  complication  by  assuming  that  fibres 
belonging  to  the  anterior  (uncrossed)  pyramidal  tracts  run  through  the 
anterior  root  zones  (Flechsig),  as  they  they  sometimes  do;  while  we 
also  bear  in  mind  that  the  atrophy  of  the  ganglion-cells  of  the  anterior 
horns  involves  atrophy  of  the  root-fibres  entering  and  leaving  the  white 
substance.  Perhaps  in  some  cases  fresh  primary  foci  of  degeneration 
appear  in  the  region  of  the  commissural  fibres  of  the  anterior  columns. 
And  when  as  has  been  observed  in  a  few  instances  the  posterior  columns 
are  likewise  affected,  we  must  infer  that  there  too  some  isolated  patch  of 
degeneration  has  led  to  secondary  degeneration  of  the  tract. 

Many  authors  (Friedreich,  Schultze,  Kahler,  Pick)  have  asserted  that 
defective  development  of  the  conducting  columns  is  frequently  the  principal 
"Cause  of  primary  systemic  degeneration.  In  support  of  this  they  point  to  the  fact 
ithiit  certain  forms  are  hereditary  (Friedreich,  Virch.  Arch.  vols.  08,  70;  Ruxi- 
meyer,  ibid.  vol.  91;  Dreschfeld,  Liverpool  and  Manchester  med.  and  surg. 
reports  ly.  1876;  Ormerod,  Brain  yh.  1884;  Everett  Smith,  Boston  med.  and 
surg.  journ.  1885;  Bury,  Brain,  viii.  1886,  with  summary  of  cases),  and  that  iu 
these  cases  post-mortem  examination  has  revealed  changes  explicable  only  on 
the  supposition  of  imperfect  development  of  the  cord.  It  cannot  be  denied  that 
in  some  cases  hereditary  conditions  play  a  considerable  part.  In  others,  and 
these  the  majority,  there  is  no  evidence  of  such  conditions,  and  we  ravat  look 
elsewhere  for  the  causes  of  the  disease.  Erb  (D.  Arch.  f.  klin.  med.  xxiv,  (1S79), 
Cent.  f.  med.  Wiss.  183\,  Trans  internat.  med.  congress  n.  1881,  Berl.  klin.  Woch. 
32,  18S3,),  FOURNIER  {Uataxie  locomotrice  d'origine  syphilitiqiie  Paris  1882),  Gow- 
EKS  (Lancet  1,  1881),  Althaus  {Trans,  internat.  med.  congress  ii.  1881)  Voigt  aurl 
RuMPP  {Berl.  klin.  Woch.  1883),  Eqlenburg  {Virch.  Arch.  vol.  99),  and  otliers 
liave  pointed  out  the  great  significance  of  syphilis  in  this  connection,  some  going 
so  far  as  to  say  that  80  to  90  per  cent  of  tabic  patients  have  suffered  from  syphilis 
Even  though  other  observers  like  Westphal  and  Buzzard  have  been  unable  to 
agree  with  such  high  estimates  it  appears  plain  that  the  influence  of  syphilis  in 
the  genesis  of  the  disease  is  an  important  one. 

Adamkiewicz  has  carefully  investigated  the  distribution  of  the  blood-vessels 
in  the  cord  {Wiener  Sitzungsber.  Lxxxiv.,  Lxxxv.  1883,  xc.  1884)  and  shows  that 
the  degeneration  of  the  posterior  columns  is  coextensive  with  the  vascular  terri- 
tory of  the  arteries  whicli  enter  from  the  posterior  circumference  and  the  pos- 
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terior  longitudinal  fissure.  Even  if  we  cannot  suppose  that  all  the  vessels  enter- 
ing from  these  situations  become  successively  diseased,  we  may  at  least  imagine 
that  the  initial  or  primary  lesion  is  due  to  disease  within  the  territory  of  some  of 
them,  and  that  this  lesion  is  the  starting-point  of  secondary  degeneration  of  the 
corresponding  tracts.  This  at  least  would  explain  why  the  process  sometimes 
does  not  extend  over  the  whole  of  the  posterior  columns  and  the  adjacent  gray 
matter.  On  the  other  hand  the  fact  that  the  disease  of  the  posterior  columns  so 
often  coexist  with  like  disease  of  other  systems  and  tracts  shows  that  the  degen- 
eration may  start  in  other  vascular  territories  also. 

TUCZEK  {Arch.  f.  Psych,  xiil.)  states  that  in  ergotism  changes  resembling  those 
in  tabes  appear  in  the  posterior  columns:  according  to  Leyden  this  is  also  the 
case  in  pellagra  (Art.  369).  Brunelli  {Trans,  internat.  med.  congress  ii.  1881) 
attributes  an  affection  presenting  the  symptoms  of  lateral  sclerosis  to  the  u^e  of 
bread  contaminated  with  La^7i?/ru.s  cicera.  If  these  observations  are  confirmed 
in  numerous  cases  they  will  go  to  show  that  certain  poisons  have  a  selective 
action  on  definite  tracts  of  the  central  nervous  system  (Adeiani,  La  pellagra 
Perugia  1880;  Althaus,  Bi^it.  Med.  Journ.  1,  1884). 

The  fact  that  we  occasionally  meet  with  thickening  of  the  meninges  in  tabes 
does  not  prove  that  the  disease  originally  starts  in  meningitis.  The  thickening 
of  the  pia  mater  may  quite  well  be  a  secondary  process,  though  of  course  it  is 
possible  that  it  may  be  primary  and  give  rise  to  the  characteristic  degenerative 
changes  in  the  cord. 

Westphal  {Virch.  Arch.  vols.  39,  40,  and  Arch.  f.  Psych,  xii.  1882)  and  Claus 
{Allg.  Zeitschr.  f.  Psych,  xxxviii.  1881)  have  shown  that  in  patients  suffering 
from  paralytic  dementia  (general  paralysis  of  the  insane)  gray  degenei-ation  or 
sclerosis  of  the  posterior  columns  is  very  common.  The  inference  is  either  that 
such  patients  are  peculiarly  liable  to  tabes,  or  that  the  exciting  causes,  which  in 
the  brain  produce  the  changes  that  are  manifested  as  progressive  paralysis,  are 
potent  to  give  rise  in  the  cord  to  gray  degeneration.  See  Stewart,  Glasgoiv 
Med.  Journ.  1886. 

Dejerine  {Soc.  de  biologie  Feb.  18,  1883,  Arch,  dephysiol.  1883,  Comptes  rendus 
1883)  states,  what  had  already  been  pointed  out  by  Friedreich  and  Westphal, 
that  in  tabes  the  periphex'al  nerves  undergo  degeneration.  He  infers  that  the 
affection  is  primarily  a  peripheral  one;  but  the  facts  afford  no  real  ground  for 
such  a  supposition.  See  also  Sakaky,  ArcJi.  f.  Psych,  xv. ;  Oppenheim  and 
SiMMEULiNG,  Neurol.  Centralb.  11,  1886. 

G49.  Multiple  sclerosis.  This  is  a  peculiar  affection  of  the  brain 
and  cord  characterized  by  the  formation  of  a  number  of  gray  condensed 
patches  in  the  nervous  tissues.  It  is  either  confined  to  the  cord  or  ex- 
tends over  the  whole  of  the  central  nervous  system. 

The  patches  are  some  of  them  superficial,  some  deep:  in  the  former 
case  they  can  be  recognized  by  their  gray  color.  Sometimes  they  are 
rounded  in  shape,  sometimes  elongated  and  irregular.  Their  diameter 
varies  from  1  millimetre  to  50  or  more.  On  section  they  look  uniformly 
gray  and  translucent,  occasionally  one  or  two  are  mottled  with  white  and 
softer  than  the  others.  They  are  usually  sharply-defined  against  the 
sound  tissue,  though  now  and  then  a  patch  is  surrounded  by  an  ill-defined 
zone  of  a  grayish-white  or  mottled  appearance.  In  general  they  are  firm 
and  dry,  but  cases  occur  in  which  they  are  softer  than  the  healthy  tissue 
and  contain  a  quantity  of  liquid  that  escapes  on  section. 
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The  dense  patches  (Fig.  267)  consist  of  a  close  feltwork  of  delicate 
sharply-contoured  fibres,  beset  with  a  larger  or  smaller  number  of  nuclei. 
Within  the  larger  and  firmer  patches  no  nerve  fibres  can  be  seen;  in  the 
smaller  and  more  recent  or  round  the  border  of  the  larger  ones  a  few  still 
persist  (a):  they  are  usually  normal  in  appearance,  though  sometimes 
they  show  signs  of  degeneration.  Fat-granule  cells  are  in  some  cases 
entirely  absent,  though  in  general  a  few  can  be  seen. 

The  vessels  (c)  are  at  times  unaltered,  in  other  cases  their  walls 
undergo  a  hyaline  thickening  or  the  adventitial  coat  is  denser  than  usual. 
Sometimes  too  the  adventitial  lymph-sheaths  contain  lymphoid  and 
granule-carrying  cells,  while  leucocytes  in  varying  number  are  scattered 
through  the  surrounding  nerve-tissne. 

Most  of  the  nuclei  that  are  visible  belong  however  to  the  neuroglia- 
cells,  which  have  a  scanty  protoplasm  and  a  large  number  of  glistening 
processes  (Art.  038,  Fig.  253).  The  feltwork  is  in  fact  essentially 
composed  of  the  interlacing  processes  of  these  cells. 


Fig.  267.    Sclerotic  patch  in  the  white  matter  of  the  cord. 
{Section  treated  with  Mailer's  fluid,  alcohol,  and  carmine:     X  300.) 

a,  section  of  nerve-fibres 

b,  neuroglia-cells 

c,  blood-vessels 

A  few  corpora  amylacea  occur  here  and  there. 

The  softer  and  more  gelatinous  patches  have  a  looser  feltwork,  with 
wider  meshes  and  interstices.  Those  that  are  mottled  with  white  con- 
tain numerous  granule-cells  and  other  products  of  nerve-disintegration. 
If  they  lie  within  the  gray  matter  they  sometimes  contain  also  atrophied 
and  shrunken  or  hyaline  and  swollen  ganglion-cells. 

The  affection  is  commonest  in  the  cord,  and  varies  very  greatly  in  its 
extent.  There  is  nothing  special  about  the  manner  in  which  the  patches 
are  distributed:  they  may  lie  anywhere  in  the  gray  matter  as  well  as  in 
the  white  (Figs.  268,  269,  270).  When  they  interrupt  conducting 
tracts,  more  or  less  extensive  secondary  degeneration  of  these  ensues,  but 
it  is  surprising  to  note  how  frequently  the  latter  change  is  absent  even 
when  the  sclerotic  patches  are  pretty  large.     If  the  sclerosis  should  cause 
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the  destruction  of  ganglion-cells  in  the  anterior  horns  some  of  the 
anterior  root-fibres  of  course  become  atrophied. 

In  the  brain  the  chief  seats  of  multiple  sclerosis  are  the  white  matter 
near  the  lateral  ventricles,  the  corpus  callosum,  the  corpora  striata,  the 
pons,  the  crura  cerebri,  and  the  dentate  nucleus.  Often  too  the  optic, 
olfactory,  and  trigeminal  nerves,  and  the  roots  of  the  spinal  nerves,  are 
found  diseased.  In  the  case  of  the  brain  we  now  and  then  find  that  a 
large  portion  of  the  roof  of  the  lateral  ventricle  is  transformed  into  gray 
sclerotic  tissue  several  millimetres  thick.  Multiple  sclerosis  of  the  cor- 
tex is  comparatively  rare. 

650.  In  most  cases  when  the  gray  patches  of  multiple  sclerosis  come 
under  observation  the  tissue-change  is  well  advanced,  and  appears  to  be 
due  to  increase  of  the  neuroglia  and  consequent  compression  and  atrophy 
of  the  nerve-elements.  This  late  appearance  gives  us  however  no  certain 
knowledge  as  to  the  origin  and  course  of  the  affection.  Even  when  the 
increase  by  hyperplasia  of  the  connective  tissue  is  the  most  obvious  fea- 


FiG.  269.  Fig.  270. 

Diagrams  of  multiple  scleeosis  (x  3). 
Fig.  268.    Cervical  region. 

a,  sclerotic  patoii  in  the  lateral  column  and  left  intermedio-lateral  tract 

b,  patch  in  the  posterior  columns 

Fig.  269.    Dorsal  region. 

a,  disssminated  patches 
Fig.  270.    Lumbar  region 

a,  disseminated  patches 

ture  in  the  ultimate  result,  it  does   not   follow  that  the  change  began 
with  such  hyperplasia. 

In  fact  there  is  no  doubt  that  in  many  cases  the  disease  begins  as  a 
degeneration,  dependent  primarily  on  a  disturbance  of  nutrition,  and 
first  affecting  the  nerve-elements.  Oases  sometimes  occur  in  which  the 
typical  gray  sclerotic  patches  are  accompanied  in  the  brain  and  cord  by 
others  which  are  mottled  with  white,  or  uniformly  white  and  opaque,  or 
even  pale-yellow;  and  these  manifest  on  the  one  hand  all  grades  of  degen- 
erative change,  on  the  other  an.  obvious  proliferation  and  hyperplasia  of 
the  neuroglia  (Art.  638,  Fig.  253).  In  teased  preparations  we  find  not 
only  abundance  of  nerve-detritus  and  granule-cells,  but  also  numer- 
ous neuroglia-cells  whose  protoplasm  is  abundant  and  nuclei  multiplied: 
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and  as  we  have  seen  (Arts.  638,  639)  there  is  no  doubt  that  degenerative 
changes  in  the  nerve-elements  may  be  followed  by  multiplication  of 
neuroglia-cells  and  formatioa  of  sclerotic  patches. 

The  changes  we  are  considering  are  certainly  often  of  a  non-inflam- 
matory kind,  being  simply  the  results  of  disordered  nutrition  due  to 
change  or  impurity  in  the  blood,  to  tliickening  or  degeneration  of  the 
vessel-walls,  or  to  disturbance  of  the  circulation.  It  is  at  any  rate  re- 
markable how  frequently  we  find  morbid  changes  in  the  vessel- walls  in 
connection  with  sclerotic  patches.  Once  however  a  sclerotic  hyperplasia 
has  begun  it  may  extend  to  contiguous  parts  without  any  antecedent 
degeneration. 

Though  we  are  thus  able  in  a  number  of  cases  to  refer  the  sclerotic 
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FiG.  271.    Gray  GELATiNoas  degeneration  of  the  anterior  horn. 

{From,  the  lumbar  cord,  13  months  after  an  attack  of  acute  poliomyelitis:  prepared  with  Muller^s 
fluid,  hcematoxylin  and  carmine,  and  Canada  balsam:    x  200.) 


c 


A,    white  matter 

a,  atrophied  anterior  roots 

b,  branching  neuroglia-cells  forming  a  net- 

work of  fine  glistening  fibres 

c,  round  cells  without  processes 


-B,    apex  of  the  anterior  horn 

d,  blood-vessels 

e,  sclerosis  of  white  matter  contiguous  to 

/,   dense  sclerosis  of  the  margin  of  the  anterior 
horn 


process  to  a  primary  degeneration,  it  does  not  follow  that  this  is  the 
invariable  rule.  Both  in  the  brain  and  in  the  cord  inflammatory  pro- 
cesses may  be  set  up  which  after  they  have  caused  the  destruction  of  a 
certain  amount  of  nerve-substance  come  to  an  end  by  what  we  might  call 
sclerotic  cicatrization.  *^ 

When  a  patch  of  inflammatory  degeneration  is  formed  and  the  acute 
changes  have  ceased,  absorption  of  the  detritus  and  exudation  takes  place 
exactly  as  in  the  case  of  ischaemic  degeneration  or  softening.     If  the 
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destruction  ia  extensive  a  pormanent  defect  or  hiatus  will  remain,  if  it  is 
more  limited  after  the  disintegration  and  absorption  of  the  nerve- 
elements  th^re  is  left  a  tissue  consisting  of  neuroglia  (Fig.  5i71  B)  and  a 
network  of  vessels  {d).  This  is  partly  old  and  persisting  tissue,  partly 
new-formed;  its  essential  components  are  stellate  or  multipolar  cells  {b) 
whose  processes  freely  anastomose.  After  absorption  is  complete  a  clear 
liquid  containing  a  few  leucocytes  (c)  lies  in  the  meshes  of  the  tissue. 
The  result  is  a  gray  moist  gelatinous  patch,  an  example  of  what  is  called 
gray  gelatinous  degeueratiou. 

Such  gelatinous  patches  are  usually  surrounded  by  a  zone  in  which 
the  network  of  neurogliar  fibres  is  much  denser  {ef),  and  might  almost 
be  called  a  feltwork,  and  the  nerve-elements  of  the  contiguous  tissue  are 
as  it  were  embedded  in  the  dense  overgrowth  which  surrounds  them  (e). 
This  change  which  in  gelatinous  patches  is  only  marginal  becomes  in 
other  cases  general.  Dense  hyperplasia  of  the  neuroglia  may  take  place 
throughout  the  whole  extent  of  a  degenerating  patch,  and  give  rise  to 
what  is  called  hard  sclerosis,  or  simply  sclerosis  (taken  in  a  restricted 
sense). 

Sclerotic  patches  such  as  we  have  described  occur  chiefly  as  the  result 
of  isolated  local  inflammations  in  the  cord  (Art.  659).  Whether  the  dis- 
ease known  as  multiple  sclerosis  is  frequently  or  indeed  at  all  a  result  of 
multiple  inflammations  is  a  question  still  unsettled.  The  occurrence  of 
a  disseminated  miliary  encepbaliiis  and  myelitis  is  in  favor  of  an  affirma- 
tive answer. 

Although  we  are  thus  able  in  many  cases  to  refer  the  causation  of 
multiple  sclerosis  to  primary  degenerative  or  inflammatory  processes, 
other  cases  are  met  with  in  which  there  are  no  grounds  for  such  an 
assumption.  These  are  cases  both  of  ordinary  multiple  sclerosis  and  of 
the  form  which  is  described  as  granular  epentlymal  sclerosis.  The 
latter  is  a  morbid  change  of  the  lining  membrane  of  the  cerebral  ventri- 
cles characterized  by  the  formation  of  small  prominent  gray  granulations 
on  its  surface.  In  extreme  cases  these  beset  the  ependyma  so  closely 
that  it  feels  rough  to  the  touch.  Sometimes  the  little  prominences 
coalesce  and  form  reticulate  or  arabesque  patterns  on  the  surface. 

Histologically  the  change  consists  in  a  new-formation  of  neuroglia, 
the  fibrous  feltwork  being  exceptionally  dense  in  proportion  to  the  num- 
ber of  cells  or  nuclei  present.  The  cylindrical  epithelium  which  invests 
the  ventricle  sometimes  continues  to  cover  the  prominences,  sometimes 
falls  away  and  leaves  them  bare. 

Diffuse  forms  of  ependymal  and  subependymal  sclerosis  are  also  met 
"with.  If  the  process  extends  from  the  floor  of  the  fourth  ventricle  to 
the  deeper  structures  it  may  cause  the  destruction  of  the  ganglion- 
cells  in  the  gray  nuclei  of  the  cranial  nerves. 

We  do  not  yet  know  the  nature  of  the  exciting  cause  of  these  affections: 
the  fact  that  they  are  frequently  associated   with  chronic  meningitis 
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would  suggest  that  they  are  of  a  chronic  inflammatory-  character.  In 
some  cases  circum vascular  collections  of  cells  are  found  in  the  subepen- 
dymal tissue,  and  in  this  respect  the  granulations  recall  the  structure 
of  inflammatory  papillomata  of  the  skin  (Art.  394). 

Not  infrequently  extensive  proliferations  take  place  in  the  connective 
tissue  about  the  central  canal  of  the  cord;  they  occur  both  in  patches 
and  as  continuous  longitudinal  growths  (Art.  637).  As  they  are  met 
with  chiefly  in  connection  with  malformations  of  the  canal,  or  in  regions 
which  experience  shows  to  be  liable  to  congenital  anomaly,  L  e.  cfbout 
the  posterior  columns,  it  seems  fair  to  suppose  that  they  depend  on  some 
congenital  anomaly  of  structure  in  the  tissues.  Moreover,  these  prolifera- 
tions are  sometimes  accompanied  by  sclerotic  patches  in  other  parts  of 
the  central  nervous  system,  and  hence  it  is  not  improbable  that  other 
multiple  scleroses  may  occasionally  be  referable  to  disorders  of  develop- 
ment. 

Many  writers  speak  of  all  gray  degenerations,  hard  or  gelatinous,  as  scleroses. 
The  etymology  of  the  term  (dnXj^poi  hard  and  dry)  would  limit  its  application  to 
the  former  variety.  If  however  we  extend  the  word  to  cover  both  varieties, 
and  indeed  they  are  genetically  equivalent,  we  should  perhaps  speak  of  them  as 
hard  sclerosis  and  gelatinous  sclerosis  respectively. 

The  genesis  of  multiple  sclerosis  (called  variously  disseminated,  insular,  focal 
or  cerebrospinal  sclerosis;  is  still  very  differently  explained  by  different  writers. 
Some  regard  the  degeneration  of  the  nerve-elements  as  the  primary  lesion,  others 
the  liyperplasia  of  the  neuroglia:  others  again  describe  the  process  as  a  chronic 
inflammation,  or  affirm  that  the  overgrowth  of  fibrous  tissue  starts  from  the 
vessel- walls.  In  the  author's  own  investigations,  undertaken  specially  to  deter- 
mine these  questions,  he  found  that  in  recent  cases  the  degenerative  changes  were 
so  marked  as  to  admit  of  no  other  suppositioa  than  that  they  were  primary,  and 
the  multiplication  of  neuroglia-cells  secondary.  Cases  do  occur  however 
where  no  patches  of  sclerosis  can  be  found  in  which  this  pre-eminence  of  the 
degenerative  changes  is  clearly  apparent:  and  it  is  therefore  not  easy  to  dis- 
prove the  statements  of  Charcot  and  others  who  regard  the  overgrowth  of 
fibrous  tissue  as  the  primary  cause  (by  compression)  of  the  degeneration  of  the 
nerve-elements.  Vai-ious  facts  go  to  show  that  forms  of  cerebrospinal  sclerosis 
occur  which  are  the  result  of  anomalies  or  disorders  of  development,  and  are  thus 
related  to  the  periependymal  growths  mot  witli  in  syringomyelia.  It  is  also 
possible  that  other  forms  are  due  to  the  formation  of  multiple  foci  of  inflamma- 
tion . 

References  on  multiple  sclerosis: — Leyden,  Deutsche  Klinik  xv.  1863  and 
Klinik  d.  RiXckenviarkslcr.;  Rindfleisch,  Vircli.  Arch  vol.  26;  Zenker,  Zeitschr. 
f.  rat.  Med.  xxiv.  (1865),  D.  Arch.  f.  klin.  Med.  viir.  (1870);  Charcot,  Diseases 
of  the  nervous  sijstem  I.  Liondon  1S7Q;  Bourneville,  Za  scZerose  en  plaques  dis- 
semme'es  Paris  1869;  Schule,  D.  ^rc7i. /.  klin.  Med.  viii, ;  Buchwald,  ibid,  x.; 
Otto,  ibid,  x.;  Jolly,  ^Irc/i. /.  Psi/sc/i.  lil.;  Arndt,  Virch.  Arch.  vols.  64,  68; 
MoxoN,  Guy's  Hosp.  Reports  XX.  (1875);  Dickinson,  Cheadle,  Dreschfeld,  Ifcd. 
Times  and  Gaz.  1,  1878;  Leyden,  Charite-Annalen  in.,  Arch.  f.  Psych.Yi.  (scle- 
rosis of  bulbar  nuclei),  Berl.  klin.  Woch.  1878;  Schultze  and  Rumpf,  Cent.  f. 
med.  Wiss.  1878;  Erb,  Ziemssen' s  Cyclopcedia  xin.;  Frommann,  Vii^ch.  Arch.  vol. 
54,  Normale  und  path.  Anat.  d.  Nervensystems  Jena  1876,  Die  Gewebsverdnd.  bei 
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mult.  Sclerose  Jena  1879;  Ribbert,  Virch.  Arch.  vol.  90;  Friedmann,  Jahrb.  f. 
Psych.  IV.  (1883);  Bramwell,  Diseases  of  the  spinal  cord  Edinburgh  1884  (for 
good  figures);  Govveks,  Lancet  1,  1886  (miliary  sclerosis  of  brain). 

On  ependynial  sclerosis  and  spinal  periependymal  sclerosis:— RoKlTANSKY, 
Handb.  d.  path.  Anat.  i.  (trans.  Syd.  Soc.  London  1850);  Virchow,  Gesamm. 
Ahhandlungen  Frankfort  1856;  Weiss,  CEsterreich.  med.  Jahrb.  1878;  Maqxan 
and  MiERZEJEWSKY,  Arch,  dephysiol.  1873;  Leyden,  Klinik  d.  Riickenmarkskr. 
II.;  ScHULTZE,  Vireh.  Arch.  vols.  70,  87;  Friedreich,  ibid,  vol  2G;  Kahler  and 
Pick,  Arch.  f.  Psych,  mi.:  Eickholt,  ibid.  x. ;  Westphal,  Brainw.  (1883);  Arch, 
f.  Psych.  XVI.  (1885);  see  also  Art.  687. 

On  multiple  and  diffuse  sclerosis  in  infants  and  children: — voN  Reckling- 
hausen, Verh.  d.  geburtshilfl.  Gesellsch.  zu  Bei^lin  ISQS;  Neureutter  and  Steiner. 
Prager  Vierteljahrsschr.  f.  pract.  Heilk.  XX.  (2);  Humphreys,  Med.  Times  and 
Oaz.  2, 1877;  Pollard,  Lancet  2, 1878;  Hartdegen,  Arch.f.  Psych,  xi. ;  Pollack, 
ibid.  XII. 

651.  When  from  simple  or  degenerative  atrophy  or  inflammatory 
disturbance  of  nutrition  the  nerve-elements  belonging  to  a  considerable 
extent  of  tissue  have  perished,  a  diffuse  hyperplasia  of  the  connective 
tissue  often  sets  in,  and  in  advanced  cases  gives  rise  to  a  continuous  in- 


Fia.  273.    Mahsinal,  sclerosis  of  the  cervical  cord. 
{Diagrammatic:  X  3.) 
a,    sclerotic  marginal  zone 

duration,  or  diffuse  sclerosis  as  it  is  called.  This  change  occurs  for 
instance  in  simple  atrophy  of  the  cerebellar  cortex  (Art.  640).  It  is  also 
common  in  atrophy  of  the  marginal  portions  of  the  cord  and  in  atrophy 
of  the  cerebral  cortex,  such  as  follows  grave  local  disorder  of  nutrition 
from  chronic  inflammation  of  the  pia  mater.  In  the  cord  we  may  have 
a  marginal  sclerosis  of  this  kind  (Fig.  272),  exactly  resembling  in  its 
structure  the  scleroses  we  have  already  described.  In  the  cortex  of  the 
cerebrum  the  induration  is  seldom  great,  and  it  is  only  on  microscopical 
examination  that  the  stellate  neuroglia-cells  and  their  fibrous  processes 
are  seen  to  be  more  abundant  and  more  obvious  than  in  the  normal  tissue 
(Arb.  656,  Fig.  273).  Only  when  the  anteeedent  atrophy  has  been  very 
extensive  is  the  hardening  of  the  surface  so  palpable  as  to  be  recognizable 
by  the  finger. 

This  induration  is  secondary,  but   there  is  also  a  form  of   primary 
hyperplasia  of  the  neuroglia  which  sometimes  extends  over  considerable 
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portions  of  the  central  nervous  system.  In  the  general  enlargement  of 
the  brain  known  as  cerebral  hypertrophy  (Art.  633)  the  connective  tissue 
is  said  to  undergo  a  notable  increase,  giving  the  tissue  a  leathery  or 
rubber-like  consistency.  This  increase  is  more  obvious  in  some  peculiar 
indurative  condition  of  particular  portions  of  the  brain,  in  which  the 
normal  form  and  aspect  remain  unchanged  while  the  size  is  more  or  less 
enlarged.  A  convolution,  a  lobe,  the  corpus  callosum,  or  the  basal 
ganglia  may  thus  become  indurated  enmasse;  or  in  the  white  matter  ill- 
defined  portions  of  tissue  may  be  palpably  harder  than  the  parts  around 
without  any  discoloration  or  other  apparent  change.  Such  indurations 
are  all  due  to  increase  of  the  connective  tissue:  in  some  of  them  the 
brain-substance  is  transformed  into  a  felted  mass  of  delicate  fibres  con- 
taining a  few  scattered  nerve-cells  and  nerve-fibres  or  in  some  parts  none 
at  all. 

Diffuse  scleroses  cannot  be  sharply  distinguished  from  the  new- 
growths  known  as  gliomata  (Art.  6Q2),  and  must  be  considered  with  them. 
We  know  nothing  as  to  the  causes  of  the  change,  though  it  is  at  least 
possible  that  they  are  dependent  on  some  disturbance  of  the  histological 
development  of  the  tissues  in  which  they  occur. 

References  on  diffuse  sclerosis: — Strijmpell,  Arch.  f.  Psych,  ix;  Siemens, 
ibid.  X.;  F.  Schultze,  ibid.  xi. ;  Zacher,  ibid.  xiii. ;  Greiff,  ibid,  xiv.:  Ekler, 
Diffuse  Hirnsclerose  lu.  Diss.  Tiibingen  1881;  Cotard,  Hemiairophie  cerebrals 
These  de  Paris  1868;  Jendrassik  and  Marie,  Arch.  d.  physibl.  v.  1885. 


CHAPTER    XOY. 

INFLAMMATORY   DISORDERS. 

Serous  inflammations. 

652.  Acute  inflammatory  exudations  having  a  serous  character  take 
place  into  the  substance  of  the  brain  and  cord,  into  the  membranous  en- 
velopes, and  into  the  ventricles;  and  they  give  rise  to  grave  and  even 
fatal  disturbance  of  the  nervous  functions. 

Acute  serous  leptomeningitis  is  an  affection  in  which  a  sudden 
congestive  hypersemia  is  followed  by  serous  effusion  into  the  subarach- 
noid and  pia  mater,  and  into  the  cerebral  ventricles.  The  quantity  of 
liquid  found  in  the  membranes  at  the  time  of  death  varies  somewhat  in 
different  cases,  but  it  is  seldom  great.  The  amount  of  blood  in  the  con- 
gested vessels  is  also  by  no  means  constant.  The  ventricles  are  more  or 
less  dilated  by  the  effusion  (inflammatory  internal  hydrocephalus); 
sometimes  so  greatly  that  the  convolutions  are  visibly  depressed  and 
flattened  by  pressure  against  the  skull,  while  the  cerebrospinal  liquid  is 
to  some  extent  forced  out  of  the  subarachnoid  spaces.  The  choroid 
plexuses  are  usually  hyperasmic:  the  liquid  in  the  ventricles  and  sub- 
arachnoid spaces  is  clear  or  slightly  opalescent,  and  often  contains 
minute  flakes  of  fibrin.  It  is  richer  in  albumen  than  the  normal  cere- 
brospinal liquid  (Huguenin)  and  has  floating  in  it  a  few  pus-corpus- 
cles. A  few  extravasated  leucocytes  may  be  seen  in  the  neighborhood  of 
some  of  the  cortical  vessels. 

The  disorder  is  commonest  in  infancy  or  early  childhood,  rare  in 
adult  life:  it  not  infrequently  accompanies  the  early  stages  of  infective 
diseases  such  as  measles  or  scarlatina.  Very  probably  the  cede«»ia  of  the 
brain  and  meninges  which  sometimes  supervenes  in  nephritis  is  in  part 
at  least  of  inflammatory  origin.  Perhaps  too  some  of  the  cases  in  chil- 
dren are  induced  by  the  virus  of  epidemic  cerebrospinal  meningitis  (Art. 
653):  frequently  however  no  cause  can  be  certainly  assigned,  though 
scrofula,  rickets,  and  syphilis  are  believed  to  be  predisposing  conditions. 

If  the  inflammatory  oedema  is  not  fatal  it  often  disappears  speedily, 
though  sometimes  it  issues  in  a  chronic  inflammatory  condition  mani- 
fested by  thickening  of  the  meninges  and  permanent  and  increasing 
dilatation  of  the  ventricles:  this  condition  is  called  chronic  liydro- 
ceplialus,  and  it  sometimes  comes  on  gradually  and  insidiously,  that  is 
to  say  without  any  markedly  acute  onset. 
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Of  more  common  occurrence  than  these  genuine  diffuse  serous  exu- 
dations is  the  localized  inflammatory  oedema  of  the  brain,  cord,  or 
membranes  which  is  set  up  around  foci  of  purulent,  granulating,  septic, 
tuberculous,  syphilitic,  or  traumatic  inflammation,  or  around  new 
growths. 

When  the  nervous  tissue  is  the  chief  seat  of  oedema  it  looks  moist 
and  glistening,  and  is  softer  than  in  health.  There  is  usually  some  ac- 
companying circumvascular  extravasation  of  leucocytes,  partly  in  the 
adventitial  sheaths  of  the  vessels,  partly  in  the  surrounding  tissue. 

Purulent  injiammations. 

653.  Purulent  leptomeningitis.  Purulent  inflammation  of  the 
soft  membranes  (pia  mater  and  subarachnoid  tissue)  is  preceded  first  by 
the  hyperaemia  which  is  the  first  stage  of  all  acute  inflammations,  then 
by  serous  exudation,  and  lastly  by  an  extremely  abundant  accumulation 
of  leucocytes  in  the  circumvascular  spaces.  The  veins,  engorged  and 
dilated,  show  streaks  and  patches  of  yellow  along  their  course,  and  these 
rapidly  extend,  owing  to  the  continued  extravasation  and  infiltration. 
The  opacity  thus  occasioned  sometimes  becomes  so  dense  that  the  gyri 
of  the  brain  and  the  surface  of  the  cord  are  entirely  concealed  by  it. 

In  simply  purulent  meningitis  the  exudation  is  composed  of  pus- 
corpuscles  and  extravasated  liquid.  In  the  sero-purulent  and  fibriuo- 
purulent  forms  the  exudation  has  a  turbid  muddy  appearance,  is  more 
liquid,  and  contains  granules,  fibres,  and  (less  frequently)  hyaline  clots 
of  fibrin. 

The  exudation  lies  mainly  in  the  clefts  and  spaces  of  the  pia  mater 
and  subarachnoid  tissue.  The  cells  covering  the  trabeculse  of  the  con- 
nective tissue  are  for  the  most  part  cast  off  and  degenerate.  The  veins 
and  venules  are  thickly  surrounded  with  leucocytes,  and  their  walls 
penetrated  by  them.  Sometimes  the  venous  channel  is  crammed  with 
leucocytes,  especially  towards  its  periphery;  sometimes  it  is  plugged 
with  hyaline  or  granular  coagula.  When  the  arteries  are  surrounded  by 
extravasated  cells  the  adventitial  coat  is  seen  to  be  infiltrated  with  them, 
and  the  like  is  often  true  of  the  middle  and  inner  coats. 

The  cortex  of  the  brain  and  the  cord  are  sometimes  all  but  unaffected 
by  the  meningitis,  being  perhaps  only  slightly  moisterthan  usual,  though 
it  is  frequently  possible  to  demonstrate  that  changes  have  here  and  there 
taken  place  in  the  nerve-elements.  In  the  cord  we  find  swelling  and 
partial  disintegration  of  the  axis-cylinders  and  degeneration  in  the 
medullary  sheaths  and  nerve-roots.  In  the  cortex  the  ganglion-cells 
become  swollen  and  lose  their  finer  processes. 

Often  enough  the  inflammatory  change  advances  along  the  vessels 
to  the  cortex,  the  pial  sheaths  especially  of  the  veins  becoming  filled 
with  leucocytes.     Or  the  change  may  extend  to  the  nervous  tissues  in  a 
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more  generally  diffused  manner  (Art.   G54).     The  nerves  issuing  from 
the  brain  and  cord  are  frequently  infiltrated  with  cells. 

When  the  inflammation  extends  through  the  transverse  fissures  of 
the  base  of  the  brain  to  the  telge  choroideas  within  the  ventricles,  a  puru- 
lent or  sero-purulent  exudation  is  poured  out,  the  liquid  contents  of 
the  ventricles  are  augmented  and  rendered  turbid,  and  the  plexuses 
swell  up  and  become  covered  over  with  pus  or  fibrino-purulent  flakes. 
The  ependyma  and  underlying  brain-substance  become  moist  and  some- 
times morbidly  soft.  When  the  distention  of  the  ventricles  is  great  the 
brain-substance  is  compressed,  the  gyri  flattened,  and  the  subarachnoid, 
liquid  forced  out;  the  result  being  that  the  meningeal  structures  of  the 
convexity  become  morbidly  dry. 

The  seat  and  the  extent  of  the  inflammation  vary  greatly,  depending 
of  course  on  the  exciting  cause  and  on  the  manner  in  which  it  reaches 
the  membranes.  As  to  the  nature  and  properties  of  the  exciting  causes 
we  know  little,  but  it  is  probable  that  micro-organisms  are  frequently  at 
work,  and  probably  a;lso  specifically  distinct  micro-organisms  in  different 
forms  of  the  disease.  In  many  cases  micrococci  have  been  found  in  the 
inflamed  tissues,  but  it  is  not  likely  that  they  are  always  of  the  same 
kind  or  the  same  virulence. 

Irritant  matters  (organic  or  not)  may  reach  the  meninges  in  the  first 
place  by  way  of  the  blood-vessels,  in  which  case  we  might  call  the  men- 
ingitis embolic. 

If  it  chiefly  attacks  the  convex  surface  it  is  described  according  to  its 
distribution  as  local  or  general,  unilateral  or  bilateral,  meningitis  of  the 
convexity.  Affecting  the  base  it  is  called  basal  or  basilar  meningitis, 
and  in  the  case  of  the  cord  spinal  meningitis.  In  basal  meningitis  the 
.cerebral  axis  is  usually  covered  with  pus,  and  the  subarachnoid  cisterns 
are  much  distended  with  the  exudation. 

Haematogenous  purulent  meningitis  occurs  in  connection  with 
traumatic  pyaemia,  gangrenous  and  croupous  pneumonia,  ulcerative 
tuberculous  phthisis,  endocarditis,  gangrenous  bed-sores,  acute  rheuma- 
tism, purulent  pleurisy  (empyema),  scarlatina,  typhoid,  inflammation 
of  the  umbilicus  in  infants,  etc.  It  is  moreover  the  essential  symptom 
of  the  infective  disease  known  as  epidemic  cerebrospinal  meningitis. 
As  its  name  indicates  the  exudation  in  this  disease  extends  over  cord 
and  brain,  though  by  no  means  uniformly.  When  the  inflammation  is 
at  its  height  it  is  usually  purulent  or  fibrino-purulent,  seldom  hsemor- 
rhagic,  though  cases  rarely  occur  in  which  some  small  ha3morrhages  do 
not  appear.  If  death  ensues  within  the  first  few  days  the  quantity  of 
exudation  poured  out  is  very  small:  sometimes  nothing  but  a  circum- 
vascular  infiltration  of  cells  can  be  made  out.  In  more  advanced  stages 
the  subarachnoid  liquid  has  a  turbid  whey-like  appearance. 

Both  brain  and  cord  are  always  involved,  the  cellular  infiltration 
spreading  from  the  pia  mater  along  the  vessels  or  directly  to  the  cortex 
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of  the  brain  and  the  substance  of  the  cord.  In  addition  to  this  small 
patches  of  inflammation  (sometimes  haemorrhagic)  are  invariably  found 
in  the  interior  of  the  cerebrum:  Stkumpell  says  they  are  usually  very 
numerous.  The  smallest  form  mere  clusters  of  cells  in  the  pial  sheaths 
of  the  vessels,  the  larger  ones  are  quite  extensive  cellular  infiltrations, 
and  are  accompanied  by  softening  of  the  infiltrated  region.  If  the 
patient  survives  these  patches  may  become  abscesses.  Epidemic  cere- 
brospinal meningitis  is  thus  accompanied  by  encephalitis  and  myelitis, 
and  even  after  cessation  of  and  recovery  from  the  meningeal  affection 
cerebral  abscess  may  be  left  as  a  sequela. 

A  second  group  of  purulent  inflammations  are  due  to  extension 
from  contiguous  parts,  either  by  continuity  or  by  way  of  the  blood-ves- 
sels or  lymphatics.  Thus  ostitis  of  a  vertebra  or  of  the  petrous  bone 
extends  directly  to  the  meninges:  suppuration  of  the  nose,  frontal  sinu- 
ses, base  of  the  skull,  scalp  (ulcers,  erysipelas,  eczema),  internal  ear, 
and  eye  (panophthalmitis)  lead  to  suppuration  of  the  membranes^  the 
various  vessels  which  pass  from  the  bone  inwards  to  the  membranco 
serving  as  channels  of  infection.  Especially  dangerous  is  puriforni 
softening  of  thrombi  within  the  veins  of  the  skull  or  the  sinuses  of  the 
dura  mater.  Lastly,  purulent  inflammation  of  the  brain  itself  may  lead 
to  the  like  in  the  meninges.  According  to  some  (Fischer,  Billroth, 
Huguenin)  simple  concussion  of  the  brain  without  any  wound  of  the 
soft  parts  or  bones  occasionally  gives  rise  to  purulent  meningitis; 
Huguenin  and  others  say  the  same  may  occur  after  sun- stroke. 

The  inflammation  in  all  these  cases  will  naturally  begin  where  the 
irritant  or  exciting  cause  first  acts,  that  is  to  say,  it  begins  as  a  local 
affection.  The  wide  communication  between  the  several  subarachnoid 
spaces  contributefe  however  to  the  speedy  extension  and  generalization  of 
the  process. 

Purulent  meningitis,  especially  when  it  is  cerebral,  is  usually  fatal, 
though  in  some  cases  of  the  epidemic  cerebrospinal  disease  recovery 
takes  place.  In  the  latter  event  the  exudation  is  in  the  course  of  time 
re-absorbed,  but  usually  certain  whitish  thickenings  of  the  membranes 
due  to  fibrous  hyperplasia,  and  some  permanent  dilatation  of  the  ventri- 
cles, remain  as  evidence  of  the  attack.  Under  certain  conditions  not 
fully  understood  the  acute  inflammation  passes  in^o  a  chronic  one.  the 
membranes  undergoing  cellular  infiltration  and  becoming  remarkably 
thickened.  When  the  inflammation  has  been  mainly  confined  to  the 
pia  mater,  it  may  result  in  atrophy  of  the  underlying  nervous  tissues 
(Art.  656). 

Strumpell  and  Weiqert  have  suggested  that  in  cerebrospinal  meningitis  the 
infective  virus  may  Derhaos  naas  from  the  nose  into  the  iuterior  of  the  skull.  The 
autho'-  ia  unabie  lo  accept  the  suggestion.  Though  he  is  convinced  that  purulent 
meningitis  does  not  start  from  the  nose,  thejahenomena  of  the  epidemic  affection 
appear  to  exclude  that  channel  of  infection.    The  manner  in  which  the  infiam- 
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matory  change  is  distributed  over  the  various  parts  of  the  meninges,  tlie  occur- 
rence of  numerous  foci  within  the  brain  and  cord,  the  frequent  accompaniment 
of  artliritis  in  various  joints,  etc.,  all  indicate  tliat  the  poison  is  spread  by  the 
channel  of  the  blood-vessels,  and  thus  reaches  the  central  nervous  system.  The 
inflammation  of  the  superior  nasal  meatus  is  a  mere  concomitant  of  the  menin- 
gitis. 

References  on  cerebrospinal  meningitis: — Ziemsskn,  Ziemssen's  Cylopcedia  ii. ; 
WuNDERLiCH,  ArcJi.  d.  Heilk.  v.,  vii.;  Zenker,  D.  Arch.  f.  klin.  Med.  i.;  Strum- 
pell,  ibid.  XXX.;  L.4.ncereaux,  Traite  d'anat.  pathol.  ii.;  Radcliffe,  i2(??//ioW.s' 
Syat.  of  med.  u.  1868;  Burdon-Sanderson,  Rep.  of  Med.  Off.  of  Privy  Council 
1866. 

654.  Purulent  encephalitis  and  myelitis.  In  purulent  menin- 
gitis the  underlying  nerve-tissue  undergoes  more  or  less  extensive 
inflammatory  change,  and  we  might  therefore  very  well  describe  the  pro- 
cess as  a  meningoencephalitis  or  meningomyelitis.  Under  certain  con- 
ditions however  the  inflammation  of  the  brain  or  cord  becomes  the  more 
marked  feature,  and  this  affects  even  the  naked-eye  appearance  of  the 
affected  parts.  This  is  especially  the  case  in  traumatic  inflammations, 
set  up  by  cuts,  blows,  stabs,  or  gun-shot  wounds.  The  tearing  and 
bruising  of  the  tissue  by  the  mechanical  violence  gives  rise  to  disinte- 
gration or  necrosis  of  the  nerve  elements,  while  the  weapon  which  causes 
the  injury  may  penetrate  the  substance  of  the  brain  or  cord,  or  drive 
before  it  splinters  of  bone,  or  lacerate  the  blood-vessels  and  lead  to 
haemorrhage  into  the  meninges  or  into  the  nerve-substance.  If  the 
wound  becomes  septic  decomposition  of  the  extravasated  blood  and  of 
the  damaged  tissue  takes  place,  and  this  induces  violent  purulent  or 
putrid  meningitis,  encephalitis,  or  myelitis.  The  decomposing  matters 
assume  a  dirty-brown,  gray,  or  greenish  color  and  give  off  a  putrid  odor. 
The  actual  inflammation  begins  with  swelling  of  the  nerve-substance 
and  the  formation  of  numerous  points  of  haemorrhage.  The  change 
first  appears  in  the  part  near  the  injury,  but  often  spreads  widely,  the 
haemorrhagic  extravasation  extending  deeply  into  the  tissue,  and  also 
over  a  considerable  area  of  the  cortex  beneath  the  inflamed  pia  mater. 
When  the  vessels  are  lacerated  ab  initio  the  swollen  nerve-substance  is 
tinged  more  or  less  deeply  with  yellow  from  the  diffusion  of  the  coloring- 
matter  of  the  extravasated  blood. 

The  hasmorrhagic  foci  lie  always  in  the  immediate  neighborhood  of 
small  vessels,  but  as  they  grow  larger  they  spread  beyond  the  region  of 
the  adventitial  lymph-sheaths  into  the  nerve-tissue,  and  when  the  change 
is  no  longer  quite  recent  they  appear  infiltrated  with  leucocytes  which 
have  left  the  vessels.  This  migration  of  leucocytes  is  the  first  stage  of 
the  suppurative  process,  and  it  steadily  increases,  until  at  length  the 
nerve-tissue  is  as  it  were  inundated  by  the  multitude  of  extravasated 
cells,  and  presently  undergoes  degeneration  and  dissolution.  When  a 
portion  of  the  tissue  is  thus  liquefied  and  converted  into  a  yellowish  or 
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grayish  or  putrid  pus-like  cream,  the  encephalitis  or  myelitis  has  issued 
in  abscess. 

In  like  manner  purulent  meningeal  inflammations  due  to  other 
causes  {e.  g.  suppuration  of  bone,  or  septic  embolism)  soaietimes  extend 
to  the  substance  of  the  brain  or  cord  and  lead  to  abscess.  As  a  rule 
however  the  process  is  not  so  violent  or  so  rapid. 

When  irritant  matters  reach  the  interior  of  the  brain  or  cord  through 
the  blood-vessels  without  affecting  the  meninges  on  the  way,  a  local  in- 
flammation is  set  up  which  at  first  may  not  extend  to  the  pia  mater.  If 
the  irritant  is  one  which  has  the  power  of  setting  up  suppuration  (such 
as  the  pysemic  micrococci),  and  lodges  in  a  capillary  or  small  vein,  its 
first  effect  is  to  produce  minute  hsemorrhagic  extravasations.  These  in 
the  course  of  a  few  days  become  yellowish-white,  with  perhaps  some 
slight  blood- staining  in  the  larger  patches,  and  rapidly  assume  the  ap- 
pearance of  abscesses.  The  number  of  extravasated  white  cells  increases 
steadily,  and  at  length  the  nerve-tissue  breaks  down  and  liquefies. 

If  at  the  same  time  one  or  more  of  the  arteries  have  been  blocked 
by  embolism  the  inflammatory  changes  are  accompanied  or  preceded  by 
those  characteristic  of  anemic  or  hsemorrhagic  necrosis  (Art.  642j. 
The  final  result  is  however  the  same:  an  abscess  is  formed,  distinguished 
only  from  those  already  described  by  its  possibly  larger  size. 

Both  forms  of  embolic  suppuration  occur  under  the  same  conditions 
as  lead  to  purulent  meningitis,  namely  pysemia,  endocarditis,  suppura- 
tion or  gangrene  of  the  lung,  putrid  bronchitis,  croupous  pneumonia, 
cerebrospinal  meningitis,  etc. 

Embolic  abscesses  arise  most  commonly  in  the  cerebral  hemispheres 
and  cerebellum,  rarely  in  the  cerebral  axis,  and  more  rarely  still  in  the 
cord:  they  are  sometimes  multiple.  They  contain  as  a  rule  creamy- 
yellow  or  pale-greenish  pus.  The  smallest  are  as  large  as  a  pin's  head, 
the  larger  ones  may  occupy  the  greater  part  of  a  lobe:  most  frequently 
they  are  from  the  size  of  a  walnut  to  that  of  a  hen's  eg^. 

When  recent  the  wall  of  an  abscess  has  a  broken-down  appearance, 
the  tissue  around  being  cederaatous  and  often  beset  with  small  points  of 
hgemorrhage.  If  close  beneath  the  pia  mater  an  abscess  generally  sets 
up  meningitis,  and  if  it  breaks  into  a  ventricle  a  violent  inflammation 
of  that  region  ensues. 

Only  the  very  smallest  abscesses  are  capable  of  absorption  and  re- 
pair by  cicatrization.  The  larger  ones,  if  not  fatal  by  pressure  or  men- 
ingitis, become  enclosed  in  a  granulating  capsule  or  membrane  and  may 
exist  for  years  in  a  quiescent  state.  So  early  as  four  weeks  after  its 
first  appearance  an  abscess  may  be  walled  off  from  the  surrounding 
tissue  by  a  gray  or  grayish-red  zone:  in  the  course  of  months  the  zone 
grows  broader  and  firmer,  measuring  from  2  to  5  mm.  across.  This  is 
simply  granulation  tissue,  which  by  and  by  is  transformed  into  cicatri- 
cial fibrous  tissue.     In  old  abscesses  the  enclosing  membrane  is  thus 
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made  up  of  an  inner  granulating  layer  of  cells  and  vessels  and  an  outer 
fibrous  layer. 

Once  encapsuled  or  'encysted  '  in  this  way,  the  abscess  slowly  grows 
by  the  accumulation  of  pus  derived  from  the  granulating  membrane; 
this  secretion  is  probably  not  continuous,  and  in  long-standing  abscesses 
mustbe  very  slight.  The  surrounding  brain-tissue  is  compressed,  and 
sometimes  atrophies  or  even  degenerates  and  breaks  down.  At  any  mo- 
ment moreover  inflammatory  oedema  and  fresh  cellular  infiltration  may 
be  set  up  in  the  compressed  tissue,  and  these  give  rise  to  disturbance  of 
the  cerebral  functions  and  often  enough  lead  to  a  fatal  issue.  Nor  is 
the  danger  of  perforation  into  a  ventricle  or  extension  to  the  pia  mater 
by  any  means  removed  when  the  abscess  is  encapsuled.  Cerebellar  ab- 
scesses may  by  pressure  on  the.  veins  of  Galen  set  up  dropsy  of  the  ven- 
tricles. Eecovery  from  a  large  abscess  is  indeed  possible  only  after  sur- 
gical evacuation  of  its  contents. 

References  on  cerebral  abscess: — Lebert,  Virch.  Arch.  vol.  10;  Schott, 
Wurzburg.  med.  Zeitschr.  ii.  (18631;  Billroth,  Arch.  d.  Heilk.  1863;  Huguenin, 
Ziemsseri's  Cyclopaedia  xii. ;  R.  Meyer,  Zar  Path.  d.  Hirnabscesse  In.  Diss. 
Zurich,  1867;  Maas,  Berl.  klin.  Woch.  1869;  Wvss,  Jahrb.  d.  Kinderlieilk.  iv. 
(1871);  Cruveilhier,  Anat.  pathologique  part  33;  Nauwerck,  D.  Arch.  f.  klin, 
med.  XXIX;  Rettelheim,  ibid.  xxxv.  1835  (abscess  after  empyema);  Eiselsberg, 
ibid,  (abscess  after  sunstroke);  Toynbee,  Diseases  of  the  ear  London  1868;  Gull, 
Guy's  Hasp.  Reports  iil.  (1857),  Reynolds'  Syst.  of  med.  li.  London  1868;  Hayem, 
Arch,  dephysiol.  1868. 

Chronic  Meningitis. 

655.  Secondary  forms  of  chronic  leptomeningitis.  Chronic 
inflammation  of  the  cranial  or  vertebral  bones,  or  of  the  dura  mater, 
are  apt  sooner  or  later  to  extend  to  the  arachnoid,  the  subarachnoid 
tissue,  and  the  pia  mater.  This  extension  occurs  most  commonly  in 
tuberculous  and  syphilitic  disease,  though  it  is  also  met  with  in  other 
inflammations,  such  as  for  instance  are  set  up  by  mechanical  injury  to 
the  bones.  The  idiopathic  inflammation  known  as  internal  pachymen- 
ingitis, which  is  characterized  by  the  formation  of  false-membranes  and 
adhesions  on  the  inner  surface  of  the  dura  mater,  sometimes  extends  to 
the  inner  meninges  also. 

The  arachnoid  having  no  vessels  of  its  own  is  only  passively  affected 
by  the  inflammatory  process,  and  undergoes  more  or  less  extensive  de- 
generative changes.  In  the  pia  mater  on  the  other  hand,  and  in  the 
vascular  portions  of  the  subarachnoid  meshwork,  inflammatory  dis- 
turbances of  the  circulation  make  their  appearance,  and  lead  in  the  first 
place  to  infiltration  of  the  latter  tissue  and  of  the  arachnoid. 

The  next  stage  varies  with  the  character  of  the  inflammation.  If  it  be 
of  tuberculous  or  syphilitic  origin,  in  course  of  time  the  arachnoid,  the 
subarachnoid  tissue,  and  the  pia  mater  become  milky  and  thickened, 
19 
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partly  from  cellular  infiltration,  partly  from  the  new-formation  of 
fibrous  tissue.  Adhesions  are  not  infrequently  formed  between  the 
dura  mater  and  the  arachnoid.  These  are  usually  most  dense  and 
abundant  in  traumatic  pachymeningitis;  in  the  idiopathic  form  they 
are  soft,  fibrinous,  and  vascular. 

But  secondary  chronic  inflammations  of  the  inner  meninges  are  still 
more  frequently  the  result  of  acute  or  chronic  disease  of  the  brain  and 
cord.  Every  subpial  inflammatory  and  degenerative  process  affecting  the 
nerve-substance  is  capable  of  inducing  meningeal  inflammation:  and 
tumors  of  the  brain  or  cord  act  in  like  manner  either  directly,  or 
through  destructive  changes  in  their  own  substance  or  in  the  tissue 
about  them. 

The  pia  mater  and  the  surface  of  the  central  nervous  organs  stand 
in  the  closest  possible  connection,  and  in  all  degenerative  processes 
affecting  the  latter,  whether  they  are  inflammatory  or  not,  some  of  the 
products  of  disintegration  are  apt  to  reach  the  pial  tissue  and  the  sub- 
arachnoid spaces,  and  there  give  rise  to  turbidity  or  (in  the  case  of 
haemorrhage)  yellow  or  brown  pigmentation.  The  turbidity  is  more 
marked  when  the  disintegrated  matters  possess  irritating  properties  and 
excite  inflammation.  Then  abundant  extravasation  of  leucocytes  ensues, 
and  in  time  a  more  or  less  extensive  fibrous  hyperplasia  is  the  result. 
In  many  cases  the  hyperplasia  is  well  marked  (Art.  G42,  Fig.  260),  the 
meninges  becoming  dense,  thick,  white,  and  opaque.  Both  the  sub- 
arachnoid and  the  arachnoid  tissue  take  part  with  the  pia  mater  in  this 
hyperplasia,  the  trabeculse  of  the  former  becoming  thicker  and  coarser, 
new  trabeculae  being  formed,  and  the  characteristic  structure  of  the 
tissues  obscured  or  altered.  Calcareous  concretions  are  common  in  the 
thickened  membranes;  and  peculiar-looking  cells  are  aggregated  into 
spherical  clusters,  then  become  homogeneous,  and  lastly  calcified,  and 
are  surrounded  by  tiny  capsules  of  cells  and  new-formed  fibrous  tissue. 

Secondary  meningitis  of  the  spinal  cord  is  similar  to  that  of  the 
brain,  and  follows  upon  inflammations  of  the  vertebra  or  spinal  dura 
mater.  In  some  cases  the  inflammation  also  extends  to  the  substance 
of  the  cord  itself." 

!  656.  HaBinatogenous  chronic  leptomeningitis.  Wehavealready 
pointed  out  (Arts.  652,  653)-  that  acute  meningitis  of  hgematogenous 
origin,  if  not  fatal,  may  issue  in  recovery  by  re-absorption  of  the  exuda- 
tion; but  this  is  frequently  accompanied  by  some  thickening  of  the 
membranes  due  to  new-formation  of  fibrous  tissue.  In  certain  not  fully 
understood  conditions  the  acute  disorder  passes  into  a  chronic  form, 
characterized  by  persistent  cellular  infiltration,  and  consequent  thicken- 
ing and  opacity  of  the  meninges;  chronic  internal  hydrocephalus  is  a 
further  sequela. 

V  JBut  there  are  other  forms  of  chronic  leptomeningitis  which  as  to 
their  causation,  rise,  and  progress,  differ  notably  from  the  foregoing. 
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We  refer  to  those  chronic  (more  rarely  acute  or  subacute)  inflammatory 
processes  which  are  the  most  frequent  though  not  invariable  antecedent 
of  certain  mental  disorders,  especially  that  known  as  paralytic  dementia 
or  progressive  paralysis  of  tlie  insane.  The  processes  in  question 
and  the  mental  disease  as  commonly  defined  are  not  exactly  co-extensive: 
on  the  one  hand  they  may  be  absent  in  cases  where  the  mental  disease 
exists,  and  on  the  other  they  are  met  with  in  cases  where  the  symptoms 
if  an};-  have  been  other  than  mental. 

The  morbid  conditions  referred  to  have  certainly  not  the  same  eti- 
ological or  clinical  significance  in  all  cases:  they  may  be  divided  into 
two  groups  according  to  their  anatomical  characters,  in  other  vvords  ac- 
cording to  their  situation  and  the  nature  of  the  textural  changes  they 
induce. 

In  the  first  place  we  have  changes  affecting  mainly  the  arachnoid  and 
subarachnoid  tissues  and  giving  them  a  white  opaque  aj)pearance,  the 
opacity  being  limited  to  spots  and  streaks  or  more  uniformly  diffused: 
it  is  most  apparent  over  the  sulci  and  the  subarachnoid  cisterns,  and 
occurs  both  at  the  base  and  on  the  convexity  of  the  brain.  It  is  still 
doubtful  whether  these  opacities  are  always  of  inflammatory  origin. 
They  are  histologically  due  to  fibrous  thickening,  endothelial  hyper- 
plasia, or  more  rarely  to  cellular  infiltration.  If  we  are  to  reckon  them 
provisionally  as  due  to  chronic  inflammation,  this  would  probably  be 
best  described  as  chronic  arachnitis  or  external  leptomeningitis. 
As  to  their  causation  they  are  observed  in  connection  with  chronic  ven- 
ous engorgement  and  with  certain  morbid  states  or  the  blood,  as  in  alco- 
holism and  chronic  nephritis. 

Of  greater  importance  than  the  changes  just  mentioned,  which  after 
all  can  hardly  be  supposed  to  induce  grave  disorder  of  the  nervous  func- 
tions, are  certain  chronic  affections  which  involve  chiefly  the  pia  mater 
and  underlying  nerve-tissue:  in  their  later  stages  at  least  they  are  un- 
mistakably inflammatory,  and  are  therefore  appropriately  included 
under  the  terms  chronic  meningoencephalitis  and  meningomyelitis. 

When  the  morbid  process  is  well  advanced  the  soft  membranes,  espe- 
cially the  pia  mater,  are  visibly  milky  and  opaque,  the  change  showing 
best  in  the  sulci  along  the  blood-vessels,  and  sometimes  also  on  the 
ridges  of  the  convolutions.  It  is  most  common  in  the  anterior  parts  of 
the  brain,  namely  the  frontal  and  parietal  lobes,  the  other  parts  being 
little  or  not  at  all  affected.  Cases  however  are  described  in  which  the 
change  is  most  marked  in  the  temporal  lobes. 

The  most  striking  of  the  textural  changes  is  undoubtedly  the  cell-- 
iilar  infiltration  which  pervades  the  pia  mater  (Fig.  273  li),  and  to  a  less 
degree  the  subarachnoid  tissue  [h).  This  is  occasionally  accompanied 
by  a  more  or  less  extensive  fibrous  hyperplasia  of  these  structures.  In- 
later  stages  accumulations  of  leucocytes  (^,),  and  in  smaller  quantity 
red  blood-cells  and  brown  or  yellow  pigment  (^J,  appear  in  the  adventi- 
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tial  sheaths  of  the  cortical  vessels,  and  sometimes  even  of  those  supply- 
ing the  white  matter.  But  no  great  accumulations  of  cells  are  as  a  rule 
met  with  in  the  mass  of  the  brain-substance  itself.  The  cellular  inj&l- 
tration  is  not  uniform,  varying  much  even  within  the  tissue  of  the  pia 
mater.  In  the  cortex  comparatively  few  vessels  are  surrounded  by 
masses  of  cells,  and  in  the  white  matter  perhaps  one  or  two  at  most. 
Some  of  the  vessels  however  show  hyaline  or  fibrous  thickening  of  the 
adventitial  coat. 


Fig.  273.    Chronic  meningoencephalitis  with  ateophv  of  the  cortex. 


(Section  hardened  with  Mutter's  fluid  and  alcohol,  stained  with  alum-carmine  and  ammonia 
carminate,  and  m,ounted  in  Canada  Balsam :    X  150. > 

g,  many  of  these  have  disappeared,  a  delicate  re- 
ticulum remaining 
h,  cellular  infiltration  of  pia  mater 
i,   unaltered  blood-vessel 
ii,  pial  sheath  of  vessel  filled  with  leucocytes 
z'a,  pial  sheath  filled  with  blood-cells  and  pigment 
fc,  ganglion-cell  (of  the  third  layer; 
m,  nsuroglia-cells 


a,  arachnoid 

6,  subarachnoid  tissue 

c,  pia  mater 

d,  superficial  layer  of  cortex 

e,  layer  of  small  pyramidal  cells;  the  cells 

have  disappared,  and  numerous  stellate 
figures  composed    of   gUstening   fibres 
have  taken  their  place 
/,  layer  of  large  pyramidal  cells, 


The  nerve-substance  of  the  cortex  is  probably  never  entirely  normal 
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in  these  cases;  though  it  is  not  always  easy  to  demonstrate  the  change^ 
that  exist.  In  very  chronic  cases  it  is  often  visibly  atrophied,  its  depth 
being  diminished  to  a  half  or  a  third  of  the  normal:  but  tlie  atrophy  is 
far  from  being  always  uniform  over  the  affected  area,  being  sometimes 
most  marked  in  particular  convolutions  or  parts  thereof.  The  atrophied 
areas  are  usually  pale,  seldom  reddened,  and  are  occasionally  somewhat 
indurated. 

As  the  white  matter  is  at  the  same  time  diminished  the  affected  por- 
tion of  the  brain  is  on  the  whole  perceptibly  smaller,  and  the  space 
left  vacant  by  the  shrinking  is  filled  up  by  liquid  collecting  in  the  sub- 
arachnoid tissue.  Sometimes  too  the  ventricles  are  dilated  and  their 
ependyma  beset  with  granulations  (Art.  650).  When  the  atrophy  is 
extreme  the  brain  is  sometimes  so  remarkably  shrunken  that  it  weighs 
less  than  1000  grammes.  The  affection  is  therefore  aptly  described  as 
atrophic  meningoencephalitis. 

The  outer  layers  of  the  gray  matter  are  usually  the  most  altered.  In 
both  pyramidal-celllayers  {ef)  the  number  of  cells  is  diminished,  and 
here  and  there  are  patches  in  which  all  of  them  have  disappeared  {g). 
In  sections  mounted  in  Canada  balsam  the  loss  of  the  nerve-elements 
causes  the  tissue  (normally  so  densely  granular)  to  look  as  if  it  were  full 
of  holes  and  gaps,  nothing  but  a  fine  scarcely-visible  reticulum  remain- 
ing at  certain  points.  The  layer  (e)  of  small  ganglion-cells  (pyramidal 
cells)  shows  this  in  the  most  marked  way:  the  neuroglia  may  be  hardly 
apparent  (/),  or  it  shows  as  a  meshwork  of  glistening  fibres  (e)  inter- 
lacing irregularly  or  disposed  in  stellate  patterns.  The  points  of  inter- 
section of  the  fibres  are  sometimes  occupied  by  nuclei,  and  now  and  then 
it  is  possible  to  demonstrate  that  the  fibres  are  simply  processes  of  the 
neuroglia  cells.  When  the  cortex  is  not  visibly  thinned  the  atrophy  is 
slight  and  hardly  to  be  made  out  in  Canada-balsam  preparations.  Per- 
osmic  acid  brings  out  the  fact  that  some  of  the  nerve-cells  are  breaking 
down,  with  or  without  the  formation  of  fat-granules. 

The  medullary  or  white  matter  of  the  brain  is  often  in  these  cases 
not  only  shrunken  but  also  interspersed  with  foci  of  degeneration. 

The  cord  and  pia  mater  is  in  like  manner  subject  to  cellular  infiltra- 
tion: not  infrequently  there  is  also  present  some  degeneration  and 
sclerosis  of  the  pyramidal  and  of  the  posterior  columns  (Arts.  647,  648). 

In  the  disease  known  as  paralytic  dementia  or  progressive  paralysis,  which 
is  characterized  by  loss  of  intellectual  power,  emotional  derangement,  and  illu- 
sions, the  atrophic  form  of  haematogenous  chronic  meningoencephalitis  is  an  ex- 
tremely common  lesion.  It  must  however  be  mentioned  that  not  only  this  form 
but  other  chronic  inflammations  from  traumatic  injury  of  the  head  may  lead  to 
progressive  paralysis,  and  that  in  patients  who  have  died  of  the  latter  disease  all 
that  is  found  in  some  cases  is  simple  non-inflammatory  degeneration  of  the  cor- 
tex and  meninges.  It  would  thus  appear  that  the  disordered  nutrition  and  de- 
generation of  the  ganglion-cells  and  nerve-fibres  is  the  essential  feature;  the 
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inflammatory  infiltration  and  the  increase  of  the  fibrous  structures  serve  to  indi- 
cate the  nature  of  the  process  (Art,  657)  but  do  not  determine  the  clinical  symp- 
toms. 

Bayle  describes  progressive  paralysis  as  a  chronic  arachnitis,  Calmeil  as 
chronic  periencephalitis,  Perchappe  as  softening  of  the  brain,  TUCZEK  as  clironic 
meningitis,  Magnan  as  diffuse  interstitial  meningoencephalitis,  Mendel  as  dif- 
fuse interstitial  cortical  encephalitis,  LUYS  as  diffuse  interstitial  sclerosis.  Most 
writers  regard  the  affection  as  an  iuflammation  corresponding  in  general  to  what 
we  have  described  as  chronic  meningoencephalitis.  The  interpretations  given  to 
the  various  morbid  appearances  differ  widely.  Thus  Mierzejewsky  and  Voisix 
regard  the  fibrils  and  stellate  cells,  which  are  often  so  markedly  visible  in  the 
atrophied  cortex,  as  fibrinous.  Mendel,  Lubimtjff,  Selvili,  and  others  attribute 
much  importance  to  the  stellate  cells,  and  think  that  they  multiply  considerably. 
This  can  only  occur  in  a  very  few  cases  and  to  a  limited  extent.  As  a  rule  they 
are  not  increased  in  number,  but  they  are  merely  more  visible  in  the  absence  of 
the  nerve-elements.  The  statements  sometimes  made  as  to  multiplication  of 
the  ganglion-cells  cannot  be  regarded  as  proven. 

It  is  frequently  asserted  that  in  progressive  paralysis  the  pia  mater  is  abnor- 
mally adherent  to  the  brain-surface,  tearing  away  the  latter  as  it  is  stripped  off 
^but  the  test  is  of  little  value.  It  often  fails  where  there  is  the  most  marked 
change  both  in  pia  mater  and  cortex,  and  only  shows  that  the  brain-substance  is 
abnormall}^  soft:  the  effect  is  in  part  at  least  due  to  post-mortem  changes.  It  is 
better  not  to  try  at  all  to  strip  off  the  pia  mater,  for  it  renders  the  brain  almost 
useless  for  minute  examination  afterwards. 

Mierzejewsky  and  others  have  affirmed  that  in  this  affection  filamentous 
processes  and  ramified  connective- tissue  cells  are  found  attached  to  the  vessels 
of  the  cortex  when  isolated:  the  description  is  accurate,  but  the  phenomenon  is 
not  characteristic,  as  it  is  found  in  connection  with  other  morbid  conditions  and 
even  occasionally  in  healthy  brains.  Simon.  Arndt,  Schule,  and  Greipf  have 
found  in  paralytic  and  other  brains  patches  of  clear  hyaline  substance  in  the 
neighborhood  of  the  vessels. 

According  to  Tuczek  [Neurol.  Centralb.  1883)  in  paralytic  dementia  the  medul- 
lated  nerve-fibres  of  the  cortex  are  especially  apt  to  be  lost,  and  that  chiefly  lu 
the  island  of  Reil  and  Broca's  convolution  (left  inferior-fi-ontal);  while  the 
ascending-frontal  gyrus,  the  paracental  lobule,  the  second-temporal  gyrus,  and 
the  parietal  and  occipital  lobes  are  usually  free  from  change.  The  loss  of  fibres 
is  first  apparent  in  the  superficial  layers. 

In  one  case  of  chronic  basal  meningitis  Manz  {Graefe's  A  rch.  f.  Ophthalm. 
1883)  met  with  large  endothelial  growths  in  the  pial  sheath  of  the  optic  nerve,  the 
nerve  itself  being  atrophied. 

On  the  morbid  changes  in  the  brain  in  progressive  paralysis  (general  paralysis 
of  the  insane):— Meynert,  Viertelj.  f.  Psych.  1868;  "Westphal,  Aroh.  f.  Psych. 
I.;  Simon,  ibid,  ii.;  Greifp,  ibid,  xiv.;  Zacher,  ibid,  xiii.,  xiv.;  Meschede, 
Virch.  Arch.  vols.  34,  56;  TiGGES,  Allg.  Zeitschr.  f.  Psych,  xx. ;  Schule,  ibid. 
XXV.;  LuBiMUFF,  Virch.  Arch.  vol.  55,  Arch.  f.  Psych.  1874;  Mierzejewsky. 
Etudes  sur  les  lesions  cerebrales  dans  la  paralysie  generale  Paris  1875,  Arch,  de 
physiol.  1876;  VoisiN,  Traite  de  la  paral.  gen.  des  alienes  Paris  1879;  Mendel, 
Dieprogr.  Paral.  d.  Irren  Berlin  1880,  Berl.  klin.  Woch.  1882,  Neurol.  Centralb. 
1883;  ScHULTZE,  Arch.  f.  Psych,  xi.;  Selvili,  Zur  path.  Anat.  d.  Dementia 
paral.  In.  Diss.  Zurich  1876;  LuYS,  Oaz.  med.  33,  1876;  Kleb.s,  Prag.  med.  Woch. 
1879;  Emminghaus,  Allg.  Psijchopathologie  Leipzig  1878;  Tuczek,  Dementia 
paralytica  Berlin  1884;  Krapelin,  Arch.  f.  Psych,  xv.  1884;  Hartmann,  ibid. 
xvi.  1885  (mental  disorder  folluwiug  injury  to  the  head). 
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On  like  changes   in   the  cord: — TiJRCK,    Wiener  Sitzungaber,   n.,  LH.,  LVI.; 

Westphal,   Virch.  Arch.  vols.  39,   40;    Magxan,   Gaz.   des  hopitaux  14,  1876; 
Stewart,  Glasgow  Med.  Journ.  1886. 


657.  The  aetiology  of  hsematogenous  chronic  meniagoencephalitis 
is  in  many  respects  imperfectly  understood.  Hereditary  predisposition,: 
severe  mental  labor,  exciting  or  exhausting  influences  of  every  kind,  etc.'; 
have  all  been  observed  as  antecedent  conditions,  and  in  such  cases  the 
hypothesis  of  an  infective  or  toxic  exciting  cause  seems  to  be  excluded :; 
such  a  cause  is  conceivable  only  in  cases  where  the  process  is  associated 
with  diseases  like  cerebrospinal  meningitis,  typhoid,  erysipelas,  articular 
rheumatism,  etc.  And  even  here  the  secondary  affection  may  well  be 
the  result  of  disordered  nutrition  rather  than  of  any  special  extension  of 
the  primary  disease. 

Most  cases  of  chronic  meningoencephalitis  and  meningomyelitis  would 
thus  appear  to  be  in  their  inception  mainly  dependent  on  degenerative 
changes  due  to  excessive  functional  activity  or  to  disorder  of  the  circula- 
tion. 

In  recent  cases  of  mental  disorder  presenting  the  same  symptoms  as 
the  lesion  we  are  considering,  that  is  to  say  in  what  is  clinically  progres- 
sive paralysis,  the  changes  found  are  frequently  degenerative  only,  little- 
if  any  evidence  of  inflammatory  disease  being  discoverable.  White 
turbidity  of  the  pia  mater  is  the  chief  of  these  changes,  and  it  is  due  to: 
an  accumulation  in  the  tissue  of  small  globules  and  granules  of  fat, 
fatty  and  broken-down  cells,  and  occasionally  fat-granule  cells.  This 
detritus  cannot  have  been  wholly  produced  at  the  points  where  it  is 
found  by  the  degeneration  merely  of  the  meningeal  endothelium  or  of 
extravasated  cells;  it  must  at  least  in  part  be  derived  from  the  brain- 
substance:  and  as  a  fact  like  matters  are  found  in  small  quantity  in  the 
pial  sheaths  of  the  cortical  vessels,  while  the  vessel- walls  themselves 
show  here  and  there  spots  of  fatty  degeneration.  It  is  also  of  specia.1 
interest  to  note  that  some  of  the  ganglion-cells  are  likewise  fatty. 

It  often  happens  that  no  signs  of  inflammation  appear  at  the  sites  of 
degeneration,  though  there  are  often  small  haemorrhagic  extravasations 
or  pigmentary  deposits  to  indicate  that  the  circulation  has  been  dis- 
turbed. It  must  be  remembered  that  congestive  hypersemia  alone,  such 
as  frequently  accompanies  excessive  functional  activity,  is  capable  of 
increasing  the  intracranial  pressure,  and  thus  of  compressing  the  capiL 
laries,  retarding  the  circulation,  and  bringing  about  local  anaemia  and 
engorgement  with  all  their  consequences. 

But  although  simple  disturbances  of  circulation  and  nutrition  play 
an  important  part  in  the  causation  of  progressive  paralysis,  it  must  not 
be  forgotten  that  in  other  parts  of  the  brain  or  cord,  such  as  the  centrum 
ovale  or  the  columns  of  gray  matter,  close  examination  may  reveal  col- 
lections of  leucocytes  in  the  adventitial  sheaths  of  the  vessels.     These 
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are  sometimes  very  abundant,  and  can  hardly  be  regarded  as  mere 
accumulations  from  stasis  in  the  lymphatics,  but  are  almost  certainly 
evidence  of  inflammation.  The  occasional  combination  of  multiple 
sclerosis  (like  that  of  recent  encephalitis  and  myelitis)  with  meningo- 
encephalitis is  of  interest  as  showing  that  the  process  is  one  which  in 
some  instances  at  least  is  not  limited  to  the  cortex,  but  affects  the  whole 
central  nervous  system.  As  the  disease  becomes  more  advanced,  the 
evidences  of  inflammation  become  more  numerous,  a  result  probably  of 
the  continuous  action  of  the  same  exciting  causes  as  first  induced  it. 

These  observations  hold  of  a  number  of  the  cases:  in  others  the 
inflammatory  nature  of  the  lesion  is  apparent  from  the  commencement. 
Some  acute  cases  are  indeed  described  in  which  post  mortem  the 
hyperasmia  and  saturation  of  the  brain  with  liquid  effusion  were  unmis- 
takable. 

Chronic  leptomeningitis  is  somewhat  frequently  associated  with 
exudative  pachymeningitis  (Art.  664). 

The  apparent  prominence  of  the  neurogliar  meshwork  with  its  stel- 
late cells  in  the  atrophied  portions  of  the  cortex  is  at  first  due  simply 
to  the  disappearance  of  the  nerve-elements.  Later  on  an  actual  multi- 
plication and  hyperplasia  of  the  neuroglia-cells  may  take  place,  as  in 
other  atrophies  of  nerve-tissue. 

The  occasional  combination  of  meningoencephalitis  with  degenera- 
tion and  sclerosis  of  the  posterior  columns  of  the  cord  would  indicate 
that  the  latter  lesion  is  secondary,  resembling  in  origin  those  changes  we 
have  already  described.  The  spinal  pia  mater  when  it  is  affected  at  all 
is  apt  to  be  most  thickened  over  the  posterior  half  of  the  cord,  and  this 
has  probably  something  to  do  with  the  locality  of  the  sclerosis.  The 
degeneration  of  the  pyramidal  tracts  which  is  sometimes  met  with  in  the 
disease  is  perhaps  dependent  on  the  degeneration  of  the  motor  centres  in 
the  cortex  (Flechsig),  though  this  is  questioned  by  Westphal  (Art. 
647). 

Chronic  leptomeningitis  of  the  cord  alone,  apart  from  the  secondary 
forms  dependent  on  inflammation  of  the  dura  mater,  vertebrge,  or  cord- 
substance,  is  most  commonly  a  termination  of  an  acute  attack.  Most 
writers  state  that  it  may  also  be  due  to  catching  cold,  and  it  sometimes 
follows  mechanical  injury.  It  is  marked  by  the  presence  in  the  soft 
membranes  of  opacities,  thickenings,  and  adhesions  to  the  dura  mater, 
and  at  times  by  increase  and  turbidity  of  the  subarachnoid  liquid. 
Marginal  sclerosis,  multiple  sclerosis,  and  degenerations  of  some  of  the 
columns  are  occasionally  present  in  the  same  case. 

Cicatrization  and  Sclerosis. 

658.  Repair  of  wounds  of  the  brain  and  cord.  Bruises,  cuts, 
stabs,  and  gun-shot  wounds  of  the  brain  are  usually  fatal  from  the 
supervention   of  purulent   meningitis   and   encephalitis.     More   rarely 
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abscesses  are  formed  which  are  evacuated  and  healed  up  by  granulation 
and  cicatrization.  It  is  only  when  the  wound  is  aseptic  or  is  at  once 
protected  from  septic  infection  that  we  can  expect  healing  without  sup- 
puration. 

The  destructive  changes  set  up  by  a  traumatic  lesion  vary  with  its 
nature.  Bruises  and  contusions  are  the  most  dangerous,  stabs  and 
punctures  the  least  so. 

When  the  brain  is  punctured  (Fig.  274  a),  as  by  a  dagger-wound,  in 
the  first  place  hgemorrhage  takes  place,  and  the  tissue  immediately  con- 
tiguous is  thereby  destroyed.  A  patch  of  anaemic  or  haemorrhagic 
necrotic  softening  {b)  is  thus  produced,  the  meninges  overlying  the  part 
being  usually  infiltrated  with  blood. 


Fig.  274.    ENCEPHAiiiTis  experimentat.t.y  produced  by  a  puncture. 

(JFrom  arabbifs  brain  13  days  after  the  injury:  section  hardened  in  Midler'' s  liquid,  stained  with 
'ncematoxylin  and  neutral  carmine,  and  mounted  in  Canada  balsam  :     x  25.) 


A,  meniages 


B,  cortex 


C,  white  matter 


a,  puncture 

6,  necrotic  tissue,  granular  and  denucleated 

c,  zone  of  inflanunatory  cellular  infiltration 


d,  zone  of  degeneration 

e,  swollen  and  dsgensrate  ganglion-cells 
g,  normal  cortical  substance 


At  the  boundary  between  living  and  dead  tissue  a  more  or  less  intense 
inflammation  (c)  sets  in  after  a  few  hours,  and  this  by  degrees  constitutes 
a  zone  of  demarcation.  The  inflammatory  process  advances  mainly 
along  the  vessels  (c)  entering  from  the  pia  mater,  and  in  a  few  days  the 
inflamed  tissue  softens  and  liquefies,  while  the  inflammatory  cellular 
infiltration  extends  more  and  more  into  the  necrotic  patch  (b).     The 
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latter  also  liquefies  and  is  absorbed,  though  months  or  years  may  pass 
before  all  tha  detritus  is  carried  off. 

Around  the  inflamed  region  the  nerve-substance  suffers  from  impaired 
nutrition,  and  a  considerable  portion  of  it  undergoes  degeneration  (d), 
indicated  by  swelling,  fatty  change,  fragmentation  and  disintegration  of 
the  ganglion-cells  (e)  and  nerve-fibres.  The  inflammatory  zone  is  thus 
surrounded  by  a  broad  zone  of  degeneration. 

During  the  first  few  weeks  the  inflammatory  zone  is  chiefly  made  up 
of  vessels,  small  round-cells,  larger  formative  cells,  and  fat-granule  and 
pigment-carrying  cells.  The  latter  are  always  very  abundant  so  long  as 
absorption  of  the  products  of  disintegration  and  extravasation  goes  on, 
the  fat-granule  cells  being  visible  also  in  the  zone  of  degeneration. 
After  some  weeks  or  months  new  fibrous  tissue  is  gradually  elaborated, 
plainly  starting  from, the  vessels  that  enter  the  inflamed  region  from  the 
pia  mater:  the  necrotic  region  is  thus  more  and  more  surrounded  and 
at  length  filled  up  with  new-formed  fibrous  tissue.  The  fibres  are 
sometimes  close-set  and  wavy,  sometimes  loose  and  areolar,  and  are  the 
product  of  the  fibroblasts  derived  from  the  extravasated  leucocytes  and 
the  connective-tissue  cells  of  the  pia  mater  and  the  vessel-sheaths. 

This  cicatrization  is  a  very  slow  process,  and  after  months  or  years 
the  scar  may  still  contain  multitudes  of  round-cells.  The  encapsuled 
necrotic  patch  only  disappears  after  the  lapse  of  many  months,  and  the 
degenerative  changes  external  to  the  inflamed  region  persist  as  long  or 
longer.  Rarely  does  the  degeneration  result  in  fibrous  hyperplasia  and 
sclerosis,  though  when  this  happens  the  sclerosis  is  apt  to  be  very  exten- 
sive. In  like  manner  the  fibrous  thickening  of  the  wounded  pia  mater 
often  extends  over  a  large  area. 

This  is  the  process  of  repair  in  comparatively  small  wounds:  it  is  of 
course  modified  if  there  has  been  extensive  laceration  of  the  brain-tissue. 
As  we  mentioned  in  Art.  G45  in  speaking  of  contusions,  the  develop- 
ment of  fibrous  tissue  is  apt  to  be  slight  and  incomplete,  and  the  process 
takes  the  form  of  progressive  ischaemic  softening. 

This  account  of  the  repair  of  the  wounds  of  tlie  brain  is  based  partly  on  obser- 
vations made  by  the  author  on  human  injuries,  partly  on  experiments  made  for 
him  by  Kammerek  upon  rabbits.  The  process  of  healing  can  be  readily  followed 
in  punctui'ed  wounds  made  under  antiseptic  precautions  with  recently  heated 
needles.  The  oldest  wound  examined  in  a  patient  was  21  months  old,  and  was 
due  to  a  knife-stab  penetrating  the  ascending-frontal  convolution  of  a  young 
man.  Tlie  necrotic  patch  was  not  then  fully  absorbed,  and  the  scar  was  still 
surrounded  by  a  broad  zone  of  degeneration,  which  like  the  scar  contained 
numerous  fat-granule  and  pigment-carrying  cells. 

References:— Bruns,  Die  cliir.  KranJcheiten  u.  Verletz.  d.  Oehirnes  u.  s. 
Umhiillungen  Tiibingen  1854;  Stromeyer,  Verletz.  u.  chir.  Krankli.  d.  Kopfes 
Freiburg  1864;  Berqmann,  Deutsche  Chirurgie  part  80;  Virchow,  Virch.  Arch. 
vol.  00;  Gluge,  Abhandl.  z  Physiol,  u.  Path.  Jena  1841  (experiments  on  encepha- 
litis); Basse  and  Kolliker,  Zeitschr.  f.  rat.  Med.  iv.  (1846);  Jolly,  Stud,  aus  d. 
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Inst,  f.  exp.  Path.  Vienna  1870;  HaYEM,  Etudes  ^nr  les  diverses  formes  d'enci- 
phalite  Paris  1868;  Klebs,  Path.  Anat.  d.  Schusswunden  Leipzig  1872;  Segler, 
Sitzungsber.  d.  phys.-med.  Gesell.  in  Wurzburg  1878. 

659.  Both  in  the  brain  and  cord  we  meet  with  localized  or  dis- 
seminated hematogenous  inflammation,  which  like  the  localized 
degenerations  lead  partly  to  permanent  loss  of  substance,  partly  to  gray 
degeneration  and  sclerosis.  Encephalitis  is  the  name  given  to  the 
affection  of  the  brain,  myelitis  to  that  of  the  cord. 

It  is  in  the  first  place  to  be  kept  in  mind  (Art.  653)  that  in  epidemic 
cerebrospinal  meningitis  patches  of  encenhalitis  and  myelitis  are  of  con- 
stant occurrence.  In  the  meningitic  processes  associated  with  progres- 
sive paralysis  inflammatory  foci  are  found  in  the  interior  of  the  brain  and 
cord,  and  sometimes  in  the  pial  sheaths  of  the  nci  ve-roots.  But  these 
deeper  inflammations  also  take  place  in  the  absence  of  meningitis,  both  in 
connection  with  infective  disorders  and  idiopathically. 

Thus  in  typhoid,  variola,  acute  rheumatism,  pyaemia,  puerperal 
fevers,  ulcerative  phthisis,  etc.  multiple  encephalitis  is  not  rare,  while 
in  hydrophobia  (so-called  lyssa)  patches  of  inflammation  scattered 
through  the  whole  central  nervous  system,  but  chiefly  in  the  base  of  the 
brain  and  the  cord,  have  been  described  by  a  number  of  writers 
(KoLESSNiKOW,  FoREL,  GowERS,  Weller).  They  are  very  common 
in  tuberculosis  (Art.  660). 

Frequently  too  these  patches  occur  without  any  apparent  exciting 
cause,  and  are  then  attributed  vaguely  to  cold  or  some  such  injurious  in- 
fluence. According  to  certain  authorities  violent  irritation  of  peripheral 
nerves  is  capable  of  setting  up  myelitis;  though  it  is  more  likely  that  the 
spinal  diseases  thus  induced  are  due  to  ischaemic  or  haemorrhagic  soft- 
ening. 

The  smaller  and  more  recent  patches  are  not  visible  to  the  naked  eye, 
being  little  more  than  circumvascular  cellular  infiltrations.  When  they 
are  somewhat  larger  they  are  usually  seen  as  red  or  pink  spots,  which  are 
very  distinct  when  in  the  white  matter.  Sometimes  they  contain  little 
extravasations,  and  under  certain  conditions  the  whole  patch  resembles 
one  of  hasmorrhagic  softening. 

The  smaller  patches  occasionally  heal  without  leaving  a  trace.  In 
the  larger  ones  there  is  always  some  destruction  of  nerve-tissue,  a  small 
cyst  (Art.  642),  a  gray  gelatinous  patch  (Fig.  271,  Art.  650),  a  sclerosis, 
or  a  scar  remaining  after  the  cessation  of  the  inflammatory  disturbance 
and  the  absorption  of  detritus  and  exudation. 

In  the  brain  recent  multiple  encephalitis  is  found  in  many  acute 
mental  disorders:  sometimes  the  patches  are  extraordinarily  numerous. 
As  to  the  issue  of  this  form  of  disease  we  know  little,  though  it  is  pos. 
sible  that  it  terminates  in  multiple  sclerosis.  As  to  the  larger  myelitic 
foci  and  their  consequences  we  are  better  informed. 

In  the  first  place  the  cord  is  subject  to  acute  infiammation  affecting 
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chiefly  the  gray  matter,  and  described  as  central  myelitis  or  polio- 
myelitis {TtoXios  gray).  Anterior  poliomyelitis  is  the  commonest 
form  (Figs.  275,  276),  the  inflammation  being  limited  to  one  or  both 
anterior  horns.  More  rarely  it  extends  to  the  posterior  horns  or  to  the 
entire  section  of  the  gray  columns  (Fig.  277). 


— tz 


Fig.  275.    Sclerosis  and  shrinking  of  the  left  anterior  horn. 

{Section  taken  at  the  level  of  tJie  fourth  cervical  nerve  from  a  case  of  infantile  paralysis  {acute 
anterior  poliomyelitis)  in  a  child  of  i}4  :  hardened  in  Mailer's  fluid,  stained  with  neutral  car- 
mine, and  mounted  in  Canada  balsam  :  X  7.) 

a,  normal  anterior  horn  with  ganglion  cells 

b,  atrophied  and  shrunken  horn 


Fig.  276.    Gelatinous  degeneration  of  boih  anterior  horns. 

(Section  taken  from  lumbar  region:  case  of  acute  anterior  poliomyelitis  in  a  man  of  40:  prepara- 
tion treated  as  in  last  figure :    X  6.) 

a,  anterior  horns 

The  disease  chiefly  attacks  children  less  than  four  years  old,  and  hence 
the  clinical  name  of  infantile  spinal  paralysis ;  it  is  rare  in  adults. 
Its  onset  is  acute,  there  is  usually  fever,  and  soon  paralysis,  which  in 
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the  course  of  a  week  passes  away  to  some  extent.  So  far  as  our  knowl- 
edge goes  the  inflammation  is  hoemorrhagic  in  character,  and  gives  rise 
to  functional  disorder  partly  by  destruction  of  tissue  and  partly  by  pres- 
sure. The  preference  shown  for  the  anterior  columns  and  especially  for 
the  inner  two-thirds  of  each  appears  to  be  due  to  the  fact  that  these  parts 
constitute  a  special  vascular  territory  distinct  from  the  white  matter. 
The  length  of  the  affected  region  varies  from  about  0.5  to  4  centimetres, 
though  cases  occur  in  which  much  larger  segments  of  the  cord  are 
attacked . 

The  number  of  ganglion- cells  and  nerve-fibres  destroyed  depends  on 
the  severity  of  the  inflammation:  sometimes  indeed  the  whole  of  the 
nerve-tissue  perishes  outright. 

In  the  course  of  weeks  or  months  the  exudation  and  the  products  of 
disintegration  are  absorbed.  If  the  neuroglia  as  well  as  the  nerve-ele- 
ments is  destroyed  a  small  cyst  is  formed.     If  the  neuroglia  persists  and 
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Fig.  277.    Sclerosis  and  shrixking  of  the  entire  gray  matter. 

(Section  taken  from  lower  dorsal  region  of  a  man  of  30  suffering  from  acute  anterior  poliomyelitis  : 

preparation  treated  as  in  last  figure  :     X  6.) 

a,  site  of  gray  matter 

b,  sclerosis  of  posterior  columns 

undergoes  a  moderate  hyperplasia,  the  substance  of  the  anterior  horn  is 
transformed  into  a  gray  gelatinous  mass  (Figs.  271,  276),  consisting  of  a 
loose  reticulum  containing  liquid  in  its  wide  meshes.  When  the  hyper- 
plasia is  considerable  the  tissue  becomes  close-textured,  firm,  and 
sclerotic  (Fig.  275),  consisting  of  a  felted  mass  of  fine  fibrils  with  scat- 
tered nuclei.  The  vessel-walls  are  in  general  thickened,  the  adventitial 
lymph-spaces  are  dilated,  and  contain  at  least  in  the  earlier  stages  round- 
cells  and  granular  cells.  When  the  nerve-elements  are  not  entirely 
destroyed  the  sclerotic  tissue  still  encloses  a  few  ganglion-cells  (Fig.  278  5) 
and  nerve-fibres. 

The  anterior  roots  and  the  peripheral  motor  nerves  become  atrophied 
when  the  ganglion-cells  are  destroyed,  and  assume  a  gray  wasted  appear- 
ance.    The  muscles  supplied  by  them  likewise  atrophy. 
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When  the  inflammation  affects  the  gray  matter  over  its  whole  cross- 
section,  the  horns  become  after  a  time  strangely  warped  and  distorted, 
and  presently  undergo  gelatinous  degeneration  or  sclerosis  (Fig.  277). 

The  white  columns  are  frequently  affected  by  secondary  extension  of 
inflammation  from  the  gray  matter.  Sometimes  however  the  white 
matter  is  inflamed  from  the  beginning,  and  we  have  leukomyelitis 
{X£VK05  white)  associated  with  poliomyelitis.  In  such  cases  the  whole 
cross-section  of  the  cord  or  the  greater  part  of  it  undergoes  destructive 
inflammation  (transverse  myelitis),  and  afterwards  gelatinous  and 
sclerotic  changes  (Fig.  278).  The  disease  moreover  frequently  extends 
over  a  considerable  segment  of  the  cord.  Secondary  ascending  and 
descending  degeneration  of  the  tracts  after  a  time  follows  on  the  local 
lesion. 

Myelitic  foci  are  usually  single,  though  sometimes  they  are  multiple, 
as  in  disseminated  myelitis.  The  multiple  patches  are  usually  small, 
and   may  be   scattered   throughout   the   whole   cord.     When    myelitis 


Fig.  278.    Sclerosis  after  acute  transverse  myelitis. 

{Section  taken  from,  a  man  ofAOat  the  level  of  the  lower  dorsal  region :  hardened  in  Mailer'' s  fluid, 
stained  vyith  carmine,  and  mounted  in  Canaaa  balsam  :     X  6.) 

a,  gelatinous  change  in  gray  matter 

6,  surviving  ganglion-ceUs 

c,  atrophied  and  sclerotic  white  matter 

attacks  the  region  of  the  bulbar  nuclei  it  gives  rise  to  acute  glosso- 
labin-pharyngeal  or  bulbar  paralysis. 

Under  conditions  analogous  to  those  which  lead  to  acute  poliomyelitis 
in  children  we  may  apparently  have  an  acute  inflammation  of  the  corti- 
cal gray  matter  or  acuto  polioenceplialitis  (Strumpell),  the  result  of 
which  is  infantile  cerebral  paralysis.  In  its  later  stages  it  is  charac- 
terized by  loss  of  substance  in  the  convolutions,  resembling  the  congeni- 
tal condition  known  as  porencephalia  (Art.  630). 

Benedikt   Virch.  Arch.  vol.  64),  Kolessnikow  (ibid.  vol.  85),  Forel  {Zeitschr. 

f.  TJiiermed.  in.),  Allbutt  (Trans.  Path.  Soc.  xxiii.  1872),  Gowers  (ibid,  xxvill. 

1878),  Ross  (ibid,  xxx,  1880),  Coats,  Med.  chir.   Trans.  Lxr.   1878),  and  Weller 

Arch.f,  Psych.  1879)  all  agree  in  stating  that  in  hydrophobia  eircumvascular 
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extravasations,  some  of  them  hsemorrhagic,  are  found  in  the  central  nervous 
organs.  Benedikt,  Kolessnikow,  Gowers,  and  Weller  also  discovered  cir- 
CLinivascular  hyaline  and  granular  coagulated  masses  formed  from  the  extrava- 
sated  elements  of  the  blood,  together  vs^ith  venous  thromboses  (Benedikt),  and 
patches  of  '  granular '  degeneration.  Forel  was  not  able  to  verify  these  observa- 
tions. 

Langhans  (Virch.  Arch.  vol.  64)  found  in  the  cord  in  cases  of  tetany  certain 
circumvascular  patches  of  cellular  infiltration.  Nauwerck  in  a  recent  case  of 
chorea  minor  with  endocarditis  observed  small  patches  of  inflammation  situated 
chiefly  in  the  medulla;  these  were  combined  with  certain  degenerative  changes 
in  the  brain  and  cord.  Myelitis  is  said  to  occur  among  the  Kabyles  in  North 
Africa  as  a  result  of  eating  the  pulse  of  Lathyrus  cicera  :  see  Art.  G48,  and  Marie 
{Progres  medical  1883),  Proust  {Bulletin  de  Vacad.  d.  vied.  xii.  1884). 

The  number  of  white  blood-cells  usually  present  in  the  brain  (Duke  Karl 
Theodor  of  Bavaria,  Virch.  Arch.  vol.  69)  is  increased  in  typhoid  (Popoff),  but 
not  necessarily  owing  to  inflammation.  Sometimes,  though  rarely,  disseminated 
encephalitis  is  associated  with  typhoid. 

Steudener  {Beit.  z.  path.  Anat.  d.  Lepra  mutilans  1865),  Neumann  {Skin  dis- 
eases, trans,  by  Pull,ar,  London  1871),  Tschirjew  {Arch.  d.  physiol.  1879),  and 
Langhans  {Virch.  Arch.  vol.  64)  found  inflammatory  foci  in  the  cord  in  connec- 
tion with  anaesthetic  leprosy.     See  also  Sturge,  Brain  vn.  188.'3. 

Erb  and  others  t^ffirm  that  in  infantile  spinal  paralysis  the  inflammatory  dis- 
turbance extends  over  the  whole  of  the  anterior  columns,  reaching  its  greatest 
intensity  only  at  certain  parts,  and  the  wide-spread  initial  paralysis  corresponds 
with  this  view  of  the  case.  After  weeks  or  months  however  only  circumscribed 
changes  can  be  demonstrated,  the  extent  of  which  varies  with  the  extent  of  the 
persistent  paralysis.  When  certain  muscles  only  are  paralyzed,  certain  spots 
only  of  the  anterior  horns  are  found  to  be  degenerate. 

References  on  myelitis: — Charcot,  Diseases  of  the  nervous  system  London 
1880;  Leyden,  Klinik  d.  Riickenmarkskr.  1874-76,  Zeitschr.  f.  klin.  Med.  i..  Arch, 
f.  Psych.  VI.;  Hammond,  Diseases  of  the  nervous  system  London  1876;  Erb, 
Ziemssen^s  Cyclop,  xiii.;  Schultze,  D.  Arch.  f.  klin.  Med.  xx.,  Virch.  Arch.  vol. 
68;  DujardinBeaumetz,  De  la  myelite  aigue  Paris  1872;  Westphal,  Arch. f. 
Psych.  III.,  IV.  (1874);  Hayem,  Arch,  de  Physiol,  vi.  (1874);  Laveran,  ibid.  vn. 
(1875);  Baumgarten,  Arch  d.  Heilk.  xvii.;  Hamilton,  Quart.  Journ.  of  micro, 
science  1875;  Turner,  and  Humphreys,  Trans.  Path.  Soc.  xxx.  1879  (recent  cases 
of  poliomyelitis);  Damaschino  and  Roger,  Gaz.  med.  1871  (ditto);  Barlow,  On 
regressive  paralysis  London  1878;  Althaus,  Infantile  Paralysis  London  1878; 
Angel-Money,  Trans.  Path.  Soc.  xxxv.  1884;  Drummond,  Brain  vii.  1885; 
Kraus,  Poliomyelitis  anter.  acuta  In.  Diss.  Tubingen  1882;  Sahli,  D.  Arch.  f. 
klin.  Med.  xxxiii.;  Etter,  Corresp.  f.  Schweiz.  Aerzte  1882  (acute  bulbar  myeli- 
tis); Lange,  Hosp.  Tidende  1868  (ditto);  Leyden,  Arch.  f.  Psych,  vii.  (ditto); 
Lichtheim,  D.  Arch.  f.  klin.  Med.  xviii.  (ditto);  Eisenlohr,  Virch.  Arch.  vol.  73; 
von  Velden,  D.  Arch.  f.  klin.  Med.  xix.  (disseminated  myelitis);  Engelken, 
Path.  d.  acuten  Myelitis  In.  Diss.  Zurich  1867  (ditto);  Dreschfeld,  Lancet  1, 
1882  (ditto). 

Leyden  {Arch.  f.  Psych,  viil.  1877,  Charite-Annalen  iii.)  produced  myelitis  in 
<l()gs  by  injecting  liquor  arseiiicalis  (Fowler's  solution)  into  the  lumbar  cord,  and 
showed  that  the  affection  might  terminate  in  cicatrization,  sclerosis,  cyst,  or  in 
simple  rarefaction  or  loosening  of  the  tissue.  He  thought  that  disseminated 
multiple  sclerosis  was  the  result  of  a  disseminated  myelitis  or  encephalitis.  Clini- 
cally the  term  myelitis  is  used  in  a  sense  much  wider  than  that  to  which  we  have 
restricted  it.     Thus  poliomyelitis  is  used  to  describe  conditions  which  are  not 
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inflammatory,  such  as  ischaemic  and  haemorrbagic  softening,  simple  atrophy,  and 
multiple  sclerosis  of  the  gray  matter.  Secondary  and  primary  tract-degenera- 
tions, ischsemic  and  haemorrhagic  softening,  degeneratio^n  from  pressure  and 
contusion  of  the  white  matter  of  the  cord  or  medulla  oblongata,  are  all  classed  as 
myelitis.  This  may  be  convenient,  but  the  pathologist  is  bound  to  be  more  dis- 
criminating. Even  if  it  is  not  always  possible  in  the  post-mortem  room  to  detei'- 
mine  with  certainty  the  manner  in  which  a  given  change,  say  a  patch  of  sclerosis, 
was  initially  induced,  this  is  no  reason  for  declining  to  classify  such  changes 
according  to  their  mode  of  origin. 

The  terms  acute  and  chronic  progressive  bulbar  paralysis,  anterior  poliomye- 
litis, infantile  spinal  paralysis,  atrophic  spinal  paralysis,  transverse  myelitis, 
leukomyelitis,  protopathic  and  secondary  spinal  muscular  atrophy,  spastic  spinal 
paralysis  or  paraplegia,  and  so  on,  are  intended  to  express  the  character  of  the 
clinical  symptoms  and  the  seat  of  the  lesion  in  the  several  maladfes:  for  the  most 
part  however  they  fail  to  indicate  or  at  least  to  indicate  correctly  the  nature  of 
the  morbid  process. 

On  acute  polioencephalitis: — Strumpell,  Deut.  vied.  Woch.  1884,  Jahrb.  f. 
Kinderheilk.  xxii.  1885,  London  Med.  Record  1885;  Gaudard,  Vhemiplegie  infan- 
tile cerebrale  In.  Diss,  Geneva  1884;  Ranke,  MiXnchen.  med.  Woch.  18,  1886; 
WoLFENDEN,  Practitioner  xxxvii,  1886. 


CHAPTEE  XOYI. 

TUBERCULOSIS   AND  SYPHILIS. 

660.  Tuberculosis  of  the  central  nervous  organs  and  their  mem- 
branes is  in  most  cases  embolic  in  origin,  though  the  disease  may  also 
extend  by  continuity  from  neighboring  tissues,  such  as  the  bones. 

When  the  tuberculous  virus  reaches  the  brain  or  cord  by  way  of  the 
blood-vessels  a  form  of  tuberculosis  is  set  up  which  we  may  call  dissem- 
inated tuberculous  meningoencephalitis  or  meningomyelitis. 
Where  the  bacilli  first  lodge  their  irritative  action  gives  rise  to  minute 
inflammatory  foci  (Fig,  279,  c  ef),  which  in  the  subarachnoid  and  pia 
mater  and  in  the  substance  of  the  brain  and  cord  are  distributed  chiefly 
along  the  course  of  the  small  veins,  in  part  also  amid  the  capillaries  of 
the  nerve-substance  itself.  The  pial  sheaths  (/)  of  the  vessels  are  at  first 
the  chief  seat  of  the  inflammatory  infiltration  of  cells;  presently  however 
the  process  extends  also  to  the  adjacent  tissues  (e).  In  a  short  time  the 
collections  of  cells  form  nodules  {d)  and  nodular  clusters  {a  i),  or  more 
rarely  larger  continuous  patches  {Jc). 

Disseminated  embolic  tuberculosis  of  the  brain  and  cord  runs  in  gen- 
eral a  somewhat  rapid  course,  and  proves  fatal  in  a  few  weeks'  time. 
In  addition  to  the  nodular  eruption  there  is  often  wide-spread  diffuse 
inflammatory  exudation  of  a  sero-purulent  or  fibrino-purulent  character, 
the  pus  iniiltrating  the  meninges  and  the  brain -substance,  and  often 
accumulating  in  the  ventricles.  It  is  only  in  rare  cases  and  these  very 
chronic  (Fig.  279)  that  diffuse  exudation  fails  to  accompany  an  abundant 
eruption  of  tubercles. 

In  the  soft  membranes  the  first  visible  sign  of  tuberculosis  is  the 
appearance  of  small  gray  nodules  usually  lying  along  the  course  of  con- 
gested vessels.  By  and  by  they  become  larger,  and  the  subarachnoid 
spaces  are  seen  to  contain  a  turbid  yellowish-white  pus-like  exudation. 
When  the  choroid  plexuses  are  invaded  they  too  contain  gray  nodules, 
and  are  swollen  and  infiltrated  with  a  turbid  liquid.  The  ventricles  are 
more  or  less  distended  with  the  like  exudation;  sometimes  they  are  enor- 
mously dilated,  and  the  brain-substance  thereby  so  compressed  that  the 
convolutions  are  flattened  and  the  subarachnoid  liquid  expressed,  leav- 
ing the  arachnoid  surface  dry. 

The  completely-developed  tubercles  in  the  nerve-tissue  appear  as  little 
nodules,  gray  and  translucent,  or  yellowish-white  with  a  gray  periphery. 
20 
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Quite  recent  continuous  patches  of  tuberculous  infiltration  have  a  red- 
dish tint,  like  other  inflamed  parts. 

Tubercles  may  appear  in  any  part  of  the  meningeal  or  nervous  tissue. 
If  growing  near  a  vein  they  are  seen  to  penetrate  not  only  the  adventitia 
but  the  inner  coats,  until  the  lumen  of"  the  vessel  appears  closely  beset 
and  encircled  with  the  accumulated  cells.  The  white  blood-cells  inside 
the  vessel  are  often  arranged  peripherally,  and  sometimes  visibly  distend 
it. 

Arteries  runninar  throuarh  tuberculous  foci  have  first  the  adventitia 


^  M  ^  \e 

Fig.  279.    Chronic  disseminated  tuberculous  meningoencephalitis. 

(.Section  hardened  in  Mailer's  fluid  and  alcohol,  staimd  with  alum-car mim^  and  mounted  in 

Canada  balsam  :     x  10.) 
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B,  white  matter 


a. 
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subarachnoid  tissue 
tuberculous  mass  in  the  cortex 
small  tubercle  in  the  pia  mater 
isolated  tubercle  in  the  subarachnoid  tissue 
circumscribed  infiltration  in  the  cortex,  an 

early  stage  of  tubercle 


C,  meninges 


/,  cellular  infiltration  of  pia!  sheath  of  corti  - 
cal  vessels 

g  Qi ,  longitudinal  and  transverse  section  of  an 
artery 

fc,  diffuse  fibro  cellular  thickening  of  the  sub- 
arachnoid tissue 


invaded  and  infiltrated  with  cells;  then  the  media  and  intima  are  at- 
tacked, especially  the  latter,  which  is  sometimes  so  thickened  by  the  in- 
filtrating  cells   that   the   lumen   of  the  artery  is  encroached  on  and  ob- 
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structed.     If  then  the  white  blood-cells  gather   at  the  diseased  spot  and 
form  a  thrombus  the  occlusion  becomes  complete. 

Tubercles  in  the  brain  or  cord  very  rapidly  undergo  caseation,  and. 
only  in  chronic  cases  (Fig.  379)  are  large  formative  cells  developed  in 
appreciable  numbers:  in  such  cases  the  mature  tubercles  assume  the 
large-celled  coarse-textured  appearance  of  those  grawiiig  in  lymphatic 
glands  (Art.  342).  When  caseation  begins  in  a  tuberculous  focus  lying 
near  a  vessel  of  moderate  size  it  generally  extends  to  the  walls  and  to  the 
cellular  contents  of  the  vessel. 

The  commonest  seat  of  embolic  tuberculosis  is  about  the  basal 
branches  of  the  sylvian  artery:  the  disease  is  generally  bilateral,  though 
often  more  extensive  on  one  side  than  on  the  other,  and  cases  are  not 
wanting  in  which  it  is  unilateral.  When  the  bacilli  reach  the  arterial 
branches  that  pass  upwards  from  the  sylvian  fissure  to  the  surface  of  the 
cerebrum  they  give  rise  to  more  or  less  extensive  meningitis  of  one  or 
both  sides  of  the  convexity. 

The  territory  of  the  arteries  of  the  median  plane  of  the  cerebrum, 
cerebellum,  medulla,  and  cord  may  in  like  manner  be  infected,  and 
though  this  does  not  occur  so  frequently  as  in  the  case  of  the  basal  regions 
it  is  by  no  means  rare. 

When  the  eruption  is  abundant  the  chief  mass  of  tubercle  is  usually 
.to  be  found  in  the  soft  membranes  of  the  brain  and  cord;  but  the  nerve- 
substance  hardly  ever  escapes  entirely.  The  disease  of  the  pia  mater 
extends  to  the  cortex  as  a  diffuse  cellular  infiltration,  leading  to  destruc- 
tion of  the  nerve-elemenfcs,  often  preceded  by  a  remarkable  swelling  of 
the  axis-cylinders  and  of  the  ganglion-cells.  In  like  manner  the  cranial 
and  spinal  nerves  are  attacked,  the  cellular  infiltration  reaching  the 
pial  sheaths^  and  thence  spreading  along  the  fibrous  septa  into  the  sub- 
stance of  the  nerves,  and  often  inducing  degeneration  of  the  nerve-fibres. 

In  addition  to  this  meningeal  invasion  we  frequently  meet  with 
tubercles  growing  directly  in  the  deeper  parts  of  the  substance  of  the 
brain  and  cord:  even  in  cases  described  as  tuberculous  meningitis  the 
number  of  encephalitic  and  myelitic  foci  is  at  times  very  considerable; 
they  are  overlooked  simply  because  they  are  apt  to  be  very  small. 

If  the  bacilli  lodge  in  a  few  brarxches  only  of  the  meningeal  or  cere- 
bral arteries  the  first  eruption  of  tubercles  is  scanty.  But  as  the  patient 
does  not  usually  die  at  once,  the  tubercles  grow  and  coalesce  into  large 
masses  lying  beneath  the  pia  mater  or  in  the  midst  of  the  nervous  tissues. 
In  the  subarachnoid  spaces  and  in  the  pia  mater  they  form  flat  discoid 
masses  of  various  sizes,  and  in  the  brain-substance  rounded  nodes,  some- 
times as  large  as  a  walnut  or  even  a  hen's  egg.  These  are  sometimes 
described  as  solitary  tubercles.  Their  centres  are  yellowish-white  and 
caseous,  being  sometimes  firm  and  dense,  sometimes  soft  and  semi-liquid, 
rarely  calcified.  Their  peripheral  parts  consist  of  grayish-red  or  semi- 
transclucent  granulation-tissue,  often  enclosing  typical  miliary  tubercles. 
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The  larger  tubercles  are  developed  from  the  smaller  by  the  continued 
growth  of  new  granulomatous  tissue,  sometimes  containing  multitudes 
of  giant-cells,  sometimes  none  at  all.  It  is  remarkable  that  where  the 
inflammatory  process  is  going  on  the  fibrous  elements  of  the  brain-tissue 
often  undergo  marked  hyperplasia,  and  form  thus  a  coarse  fibro-cellular 
tissue.  Tubercle-bacilli  can  be  demonstrated  both  in  the  gray  granulo- 
matous zone  and  in  the  older  portions  of  the  growth. 

Solitary  tubercles  are  most  frequently  observed  in  the  cerebellum  and 
cerebral  axis.  They  act  like  tumors  on  the  neighboring  tissues,  giving 
rise  to  symptoms  of  pressure  and  to  disturbance  of  the  circulation  both 
of  blood  and  lymph.  The  other  parts  of  the  central  organs  may  be  en- 
tirely free  from  tubercle,  though  it  often  happens  that  tuberculous  mat- 
ter passes  from  the  solitary  nodes  to  the  meningeal  vessels  and  gives  rise 
to  disseminated  and  diffuse  tuberculous  meningitis.  It  is  also  of  course 
possible  for  a  fresh  infection  of  the  blood  to  take  place,  and  in  conse- 
quence a  fresh  embolic  eruption  of  tubercles. 

The  situation  of  tuberculosis  of  the  central  nervous  organs  due  to  ex- 
tension of  tuberculous  disease  from  contiguous  parts  is  of  course  depend- 
ent on  the  seat  of  the  primary  affection.  Tuberculous  disease  of  the 
vertebra  infects  the  cord  and  its  membranes,  tuberculosis  of  the  petrous 
bone  extends  in  the  first  place  to  the  temporal  lobes  and  the  basal  aspect 
of  the  frontal  lobe.  Nodules  appear  in  the  affected  regions,  and  these  in 
time  may  grow  into  larger  nodes.  If  the  virus  gain  access  to  the  cere- 
brospinal lymph-channels  it  may  give  rise  to  disseminated  tuberculosis. 

Many  authorities  (VmcHOW,  RINDFLEISCH,  Birch-Hirschfeld,  etc.)  state 
that  meningeal  and  cerebral  tubercles  lie  usually  in  the  adventitia  of  the  arteries, 
and  there  form  clusters  of  cells  derived  by  mulciplication  from  the  endothelium 
of  the  lymphatics.  They  base  this  statement  on  the  fact  that  in  tuberculous 
meningitis  collections  of  cells  are  found  in  the  adventitia  of  the  cortical  ai'teries. 
This  interpretation  of  the  fact  is  however  erroneous.  The  tubercles  are  developed 
from  extravasated  leucocytes  and  proliferous  coanective-ti?sue  cells.  The  adven- 
titia is  affected  and  takes  part  in  the  proliferation  only  in  a  secondaiy  way,  and 
what  lias  been  described  as  a  tubercle  due  to  periarteritis  of  a  pial  vessel  is  in  fact 
only  a  fraction  of  a  tubercle  growing  near  the  vessel.  In  other  inflammations 
of  the  pia  mater  and  cortex  we  find  like  cellular  infiltrations  of  the  pial  sheaths 
of  the  vessels,  though  it  must  not  be  overlooked  that  in  tuberculous  and  syphilitic 
(Art.  661)  inflammations  the  arteries  take  part  in  tlie  cellular  hyperplasia  to  a 
much  greater  extent  than  in  other  forms  of  inflammation.  The  like  is  true  also 
of  the  endarteritic  processes 

References: — Virchow,  Cellular  Pathology  London  1860,  Krankh.  Geschwidste 
II.  Frankfort  1856;  WiLKS,  Path.  Anat.  London  1875;  RtNDFLEiscn,  Virch.  Arch. 
vol.  24,  Path.  Histology  ii.  London  1873;  Huguenin,  Ziemssen's  Cyclop,  xii. ;  voN 
Campe,  Beitr.  z.  path.  Anat.  d.  meningit.  u.  meningo-encephalit.  Processe 
Tubingen  1882. 

661.  Cerebrospinal  syphilis  usually  makes  its  appearance  some 
years  after  the   disease   has   become  "^  constitutional, Hhat    is   to    say. 
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Bimultaneously  with  the  so-called  tertiary  symptoms:  it  is  rarely  an 
accompaniment  of  secondary  symptoms.  The  characteristic  morbid 
change  is  the  formation  of  circumscribed  inflammatory  foci,  or 
giimmata  as  they  are  called,  in  the  meninges  and  cortex,  very  rarely  in 
the  interior  of  the  brain  or  cord.  As  a  rule  they  lie  in  thepia  mater  and 
subarachnoid  tissue  of  the  base  of  the  brain. 

The  first  thing  observed  in  the  meninges  is  a  small  patch  of  inflam-' 
mation,  which  soon  leads  to  the  formation  of  a  gray  or  grayish-red  semi- 
translucent  or  gelatinous  knot  of  granulation-tissue  (Fig.  280).  In  the 
earlier  stages  the  tissue  of  the  knot  is  extremely  cellular  (/),  and  con- 
tains a  number  of  new-formed  capillaries.  As  the  process  goes  on  some 
of  the  granulation-tissue  becomes-fibro-cellular  (c?J  and  some  undergoes 


Fig.  330.    Gummatous  syphilitic  meningoencephalitis. 

{Section   hardened  in   Muller's    fluid   and   alcohol,  stained  in  alum-carmine,  and  mounted  in 

Canada  balsam;    X  15.) 
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caseation  {d^).  The  adjacent  brain-substance  seldom  or  never  remains 
intact,  the  inflammation  extending  into  the  cortex  along  the  pial  sheaths 
of  the  vessels  (/ )  and  also  directly  {g).  When  arterial  branches  {e)  pass 
through  the  granulomatous  focus  they  are  speedily  infected,  the  adven- 
titia, media,  and  intima  becoming  the  seat  of  inflammation  leading  to 
cellular  infiltration  and  fibro-cellular  hyperplasia  of  the  vessel-walls, 
according  to  the  stage  of  the  process.     The  intima  (e)  usually  takes  part 
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to  a  remarkable  exteut  in  this  hyperplasia,  the  thickening  being  often  so 
great  that  the  vessel  is  much  obstructed  or  even  occluded  outright.  The 
latter  event  is  most  apt  to  occur  when  thrombosis  accompanies  the 
endarteritis. 

Gummatous  foci  may  be  either  single  or  multiple.  The  single  foci 
are  sometimes  very  small;  Heubjstee  indeed  has  shown  that  the  specific 
infl£,mmation  may  be  limited  to  single  spots  on  the  arterial  walls,  and 
there  lead  to  the  thickening  of  the  intima  just  described.  Larger  foci 
are  however  more  frequent,  and  are  described  as  nodes  or  gummata 
simply.  In  the  earlier  stages  they  are  gray  or  grayish-red  and  soft,  their 
form  depending  on  the  texture  of  the  tissue  in  which  they  lie.  On  the 
surface  of  the  brain  they  follow  the  course  of  the  sulci  and  take  their 
shape:  in  the  sylvian  fissure  they  are  flat  and  elongated:  about  the  base 
of  the  brain  and  the  cord  they  have  irregular  forms.  Sometimes  about 
the  basal  meninges  the  syphilitic  inflammai^ion  is  more  diffuse  and  not 
nodular.  When  it  extends  to  the  brain-substance  and  grows  in  size  the 
diseased  patch  becomes  more  and  more  globular,  and  at  times  is  as  large 
as  a  walnut,  though  the  periphery  usually  remains  somewhat  irregular. 
The  same  holds  for  the  nodes  which  develop  independently  in  the  sub- 
stance of  the  brain  and  cord. 

The  smaller  foci  can  undoubtedly  disappear  by  re-absorption:  the 
larger  ones  become  partly  indurated  and  partly  caseous.  The  caseation 
begins  with  the  appearance  of  yellowish- white  opaque  spots,  measuring 
from  a  few  millimetres  to  some  centimetres  across  according  to  the  size 
of  the  node  itself.  When  several  such  spots  appear  in  the  same  node 
they  give  it  a  mottled  appearance,  until  at  length  coalescing  they  forma 
yellow  centre  to  the  mass.  Induration  generally  goes  on  simultaneously 
with  caseation,  though  sometimes  the  latter  is  absent.  It  leads  to  scar- 
like thickening  of  the  meninges,  and  to  adhesions  between  the  pia  and 
dura  mater.     The  coarse  scar-tissue  generally  encloses  caseous  patches. 

Where  syphilitic  inflammation  is  going  on  the  nerve-elements  of 
course  perish;  the  process  is  frequently  associated  with  ischemic  and 
haemorrhagic  softening  of  adjoining  parts,  consequent  on  the  disturbance 
of  the  circulation  induced  by  arteritis  and  compression.  Occasionally 
these  degenerative  changes  extend  widely.  Nerves  passing  through  the 
inflamed  region  undergo  inflammatory  infiltration,  and  thereafter  be- 
coming enclosed  and  beset  by  coarse  fibrous  tissue  they  speedily  atrophy 
and  break  down.  Thus  gummatous  inflammation  of  the  meninges  at  the 
lower  end  of  the  cord  now  and  then  leads  to  the  enclosure  of  the  greater 
number  of  the  nerves  of  the  cauda  equina  in  a  mass  of  granulation- 
tissue:  this  is  presently  transformed  into  a  coarse  cicatrix,  and  blended 
by  adhesions  with  the  dura  mater  forms  a  compact  mass  of  scar-like 
tissue  enclosing  atrophied  nerves  and  caseous  patches.  The  same  thing 
sometimes  happens  in  the  case  of  the  cranial  nerves. 
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Some  nodes  of  the  brain  and  cord  which  have  been  described  as  gummatous 
appear  beyond  a  doubt  to  have  been  tuberculous.  As  thi^  periphery  and  the 
neighborhood  of  these  nodes  do  not  always  contain  tubercles,  before  the  dis- 
covery of  the  tubercle-bacillus  it  was  not  always  easy  to  determine  the  nature  of 
a  given  caseous  mass.  Virchow  has  asserted  that  tuberculous  nodes  are 
I'ounded,  while  gummatous  ones  are  irregular;  but  this  criterion  does  not  always 
hold  good. 

References: — ViRCHOW,  Virch.  Arch.  vol.  15,  Krankhafte  Oeschwulste  il. 
1869;  Leon  Gros  and  Lancereaux,  Des  affections  nerv.  syph.  Paris  1861; 
Engelstedt,  Die  const itut.  Syphilis  Wiirzburg  1861;  Wilks,  Guy's  Hasp.  Rep. 
EX.  (1863);  Wagner,  Arch.  d.  Heilk.  iv.  (1863);  Westphal,  Allg.  Zeitschr.  f. 
Psych.  XX.  (1863);  Jaksch,  Prag.  med.  Woch.  1864;  Lancereaux,  Traite  de  la 
syphilis  Pa.ris  ISQd  {trans.  New  Syd.  Soc.  II.  London  1869);  Heubner,  Arch.  d. 
Heilk.  XI.  (1870),  Die  liietische  Erkrank.  d.  Hirnarterien  Leipzig  1874,  Ziemssen's 
Cyclop.  XII.;  Greenfield,  Trans.  Path.  Soc.  xxviii.,  xxix.;  Charcot  and 
GoMBAULT,  Arch,  de  physiol.  v.  1878;  Braus,  Die  Hirnsyphilis  Berlin  1873; 
Bruberqer,  Virch.  Arch.  vol.  60;  Wilks  and  MoxoN,  Path.  Anat.  London  1875; 
Broadbent,  Lancet  1,  1874 ;  Baumgarten,  Virch.  Arch.  vols.  73,  76,  86 ;  von 
RiNECKER,  Festschrift  z.  Jubil.  d.  Wiirzburg.  Universitdt  1882;  Greiff,  Arch.  f. 
Psych.  XII. ;  Fournier,  La  syph.  du  cerveau  Paris  1879,  Legons  sur  la  syph.  (2d 
edition)  Paris  1881;  Julliard,  Etude  critique  sur  les  localis.  spin,  de  la  syph. 
Paris  1879;  Westphal,  Charite-Annalen  i.  (1876);  Gowers,  Hill  and  Coopei's 
Syphilis  Ijondon  1^%\;  Buzzard,  Lancet  1,  1873  andi  Brain  in.  1880,  Diseases  of 
the  raeruoMS  S2/sfe?»  London  1883;  Dowse,  Syphilis  of  the  brain  and  spinal  cord 
London  1881;  ROSENTHAL,  D.  Arch.  f.  klin.  Med.  xxxvm.  1886  (with  numerous 
references). 


CHAPTER  XOTIL 

TUMORS   AND   PARASITES. 

662.  Of  the  tumors  occurring  in  the  braiu  and  spinal  cord  the 
gliomata  (Art.  145,  Fig.  40)  claim  our  first  notice.  They  are  common- 
est in  the  cerebrum,  more  rare  in  the  cerebral  axis  and  in  the  cord:  they 
lie  usually  close  beneath  the  pia  mater.  In  most  cases  the  outer  aspect 
of  the  brain-surface  remains  unaltered,  the  tumor  appearing  merely  to 
cause  enlargement  and  discoloration  of  the  affected  part,  and  perhaps  some 
thickening  of  the  meninges.  It  is  seldom  that  the  tumor  takes  the  form 
of  a  definite  protuberance. 

On  section  the  neoplastic  mass  consists  sometimes  of  tissue  not  a 
little  resembling  pale  or  hyperaemic  gray  matter  in  tint  and  consistence, 
more  commonly  however  the  glioma  is  gray,  grayish-white,  grayish-red, 
yellow,  or  gelatinous  in  appearance,  or  mottled  with  all  these  tints  and 
with  spots  of  opaque  white  and  of  extravasated  blood  (Fig.  281  b);  its 
consistence  is  in  parts  softer,  in  parts  firmer  than  that  of  normal  brain- 
tissue.  Frequently  it  includes  numerous  vessels  distended  with  blood, 
and  of  markedly  larger  calibre  than  the  ordinary  vessels  of  the  part. 
When  the  haemorrhages  are  numerous  and  extensive  they  may  so  stain 
and  disguise  the  tissue  that  it  looks  like  a  patch  of  apoplectic  extravasa- 
tion. If  the  tissue  is  partly  destroyed  either  by  hemorrhage  or  by  soft- 
ening the  growth  encloses  cavities  filled  with  turbid  white  or  brown ' 
semi-liquid  detritus. 

Cerebral  gliomata  measure  as  much  as  3  to  8  cm.  across,  or  even 
more.  The  surrounding  brain-substance  is  sometimes  scarcely  marked 
off  from  the  substance  of  the  tumor,  sometimes  is  quite  distinct  and  even 
visibly  compressed:  not  infrequently  it  is  softened  and  may  contain 
cysts  of  disintegration.  The  ventricles  are  as  a  rule  more  or  less 
dilated. 

In  the  cord  gliomatous  tumors  usually  lie  close  to  the  central  canal 
and  spread  thence  posteriorly  and  externally.  They  are  in  general 
elongated,  seldom  globular,  and  may  extend  over  a  considerable  length 
of  the  cord.  Externally  they  give  the  cord  a  bulging  or  thickened  ap- 
pearance. Dilatation  of  the  central  canal  and  excavation  of  the  growth 
itself  are  common  (syringomyelia.  Art.  635). 

As  we  have  mentioned  in  Art.  145  the  tumor  is  made  up  of  branched 
neuroglia  cells,  though  the  number  and  size  of  the  cells  present  in  dif- 
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ferent  growths  is  subject  to  great  variation.  When  they  are  small  and 
scanty,  and  their  ramifying  fibrils  numerous  and  closely  felted,  the 
texture  is  dense  and  firin:  when  the  cells  are  large  and  numerous  the 
•  tumor  rather  resembles  a  sarcoma. 

The  cells  are  in  general  uniformly  scattered  through  the  mass,  but 
now  and  then  they  appear  to  lie  in  small  clusters:  multinuclear  cells  are 
common,  especially  in  the  peripheral  parts  of  the  growth. 

The  vessels  are  frequently  much  dilated  (Fig.  41),  and  so  abundantly 
developed  that  the  tumor  is  fitly  described  as  telangiectatic  or  angioma- 
tous. The  vessel-walls  are  often  thickened  and  hyaline,  and  there  is 
hyperplasia  of  the  adventitia,  the  vessels  being  thus  surrounded  by  a 
thick  envelope  of  cellular  and  fibro-ccllular  tissue.  Round  the  veins 
there  may  be  accumulations  of  white  blood-cells. 


a,  right  hemisphere 


Pig.  281.    Angiomatous  glioha. 
(Frontal  section  through  the  brain.) 

h,  glioma  in  left  hemisphere 


The  tumor  grows  by  proliferation  of  the  neuroglia  and  multiplica- 
tion of  its  ceils:  at  least  this  is  as  much  as  can  be  made  out  by  examina- 
tion of  the  growing  margin.  The  nerve-fibres  as  they  are  encroached  on 
perish,  their  axis-cylinders  becoming  notably  swollen  before  they  break 
down.  The  ganglion-cells  and  their  nuclei  also  swell  in  a  remarkable 
way,  and  become  homogeneous  and  glassy  in  appearance.  Later  on  they 
break  down  like  the  nerve-fibres,  though  it  is  sometimes  surprising  how 
long  both  elements  persist. 

When  the  glioma  presses  on  the  pia  mater  the  connective-tissue  cells 
of  the  latter  undergo  subdivision  and  multiplication,  and  a  new-forma- 
tion of  fibrous  tissue  usually  takes  place.  The  gliomatous  growth  may 
ultimately  extend  into  the  meshes  of  the  fibrous  tissue.    In  ischemic  and 
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haeraorrhagic  softening  of  the  growth  the  cellular  elements  perish, 
partly  by  necrosis  and  partly  by  fatty  degeneration.  Sometimes  peculiar 
protoplasmic  lumps,  with  or  without  nuclei,  are  produced,  apparently 
by  coalescence  of  some  of  the  cells.  Stratified  corpora  amylacea  also 
occur  in  the  tumor-tissue. 

Sometimes  a  mucous  liquid  forms  abundantly  in  the  interstices  of  a 
glioma  and  give  it  the  appearance  of  loose  mucous  tissue:  such  tumors 
are  described  as  giiomyxoniata.  Still  more  frequently  the  connective- 
tissue  cells  undergo  so  marked  a  proliferation  that  the  tumor  becomes 
a  gliosarcoma,  the  neuroglia-cells  increase  greatly  in  number  and  size, 
and  ultimately  lose  their  typical  characteristics.  In  other  cases  the  vas- 
cular adventitia  becomes  abnormally  proliferous,  and  the  product  of  its 
overgrowth  is  at  length  so  abundant  that  the  gliomatous  structure  is 
overshadowed.  Gliosarcoma  is  chiefly  characterized  by  the  multiform 
character  of  its  cells;  but  the  overgrowth  just  alluded  to  results  in  a 
spindle-celled  neoplasm,  the  cells  being  arranged  along  the  course  of  the 
blood-vessels:  it  is  therefore  described  as  angiosarcoma.  Sarcomatous 
transformation  in  a  cerebral  glioma  gives  the  tumor  a  marrowy  or  '  en- 
cephaloid  '  consistency,  and  marks  it  off  more  sharply  from  the  sur- 
rounding brain-substance. 

Sarcoma  also  occurs  as  an  independent  growth,  unattended  at  first 
by  any  multiplication  of  neuroglia-cells.  Spindle-celled  and  multiform- 
celled  varieties  are  the  commonest,  and  they  are  in  general  soft  and 
marrowy.  They  are  commonly  rounded,  sharply  defined,  of  all  sizes, 
and  either  single  or  multiple.  So  far  as  we  at  present  know  they  de- 
velop from  the  pial  sheaths  of  the  vessels  and  in  part  from  the  neuroglia. 
Heemorrhage  and  softening  of  the  tumor  are  frequent.  If  it  lies  close 
beneath  the  pia  mater  it  often  invades  that  membrane.  The  surrounding 
brain-substance  is  generally  softened,  the  meninges  inflamed,  and  the 
ventricles  dilated. 

Small  angiomata  are  not  uncommon  in  the  brain,  though  they  do 
not  form  regular  tumors  but  only  small  reddish  foci,  not  unlike  recent 
patches  of  inflammation.  They  are  probably  congenital  (Virchow), 
and  are  of  the  same  nature  as  vascular  nsevi.  There  is  simply  telangi- 
ectasis of  the  blood-vessels,  not  cavernous  metamorphosis  of  the  tissue 
(Art.  149).  Ganguillet  recently  described  as  cylindroma  a  gelat- 
inous-looking angioma  of  the  lower  end  of  the  spinal  cord:  it  was  com- 
posed of  vessels  whose  adventitia  had  become  hyaline,  and  was  beset  with 
bulging  hyaline  outgrowths  (Art.  163,  Fig.  57). 

Fibroma  of  the  central  nervous  organs  is  rare:  it  forms  rounded 
nodes,  which  in  the  cord  and  roots  of  the  spinal  nerves  are  sometimes 
multiple,  especially  in  cases  of  multiple  fibromata  (neurofibroma)  of  the 
peripheral  nerves  (Arts.  154,  399,  670). 

Bidder  mentions  a  case  of  osteoma  in  the  corpus  striatum;  it 
measured  several  centimetres  in  diameter.     Meschede  met  with  a  bony 
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o^rowth  in  the  cerebral  hemisphere  of  an  epileptic.    Benjamin"  describes 
a  lipoinsi  ill  the  cerebrum. 

Secondary  growths,  sarcomatous  and  carcinomatous,  occur  in  the 
brain  as  in  other  organs:  they  usually  form  rounded  nodes  or  nodules. 

Klebs  niaintiiiiKs  {Viertelj.  f.prakt.  Ileilk.  123,  13:3)  tliat  the  ganglion-cells 
take  an  active  part  in  the  production  of  glioniatous  neoplastic  cells,  and  llKLLEli 
(Naturforschcrvcvfidinmlung  in  Freiburg  1883)  agrees  with  him.  The  autlior  has 
gone  over  again  his  preparations  of  glioma,  but  is  unable  to  find  any  ground  for 
altering  the  view  expressed  in  Art.  145.  Tlie  ganglion-cells  do  indeed  swell  up 
considerably,  and  occasionally  a  binuclear  cell  cau  be  seen;  but  that  is  all.  As 
the  tumor  develops  the  ganglion-cells  break  down,  and  the  clusters  of  neuroglia- 
cells  afterwards  found  in  their  place  are  evidences  merely  that  the  latter  have 
multiplied  in  their  neighborhood. 

As  we  remarked  in  Art.  651  it  is  not  possible  to  draw  a  sharp  line  between 
glioma  and  sclerosis.  This  is  especially  true  of  the  glioraatous  growths  occurring 
round  the  central  canal  of  the  cord,  but  it  also  holds  of  cerebral  glioma.  Some- 
times part  of  the  neoplastic  change  will  appear  to  be  essentially  due  to  increase 
and  induration  of  the  connective  tissue,  while  close  by  there  is  an  unmistakable 
sharply-defined  tumor. 

Probably  the  smallest  sarcomata  of  the  central  nervous  organ  hitherto 
described  were  observed  some  time  ago  by  the  author  and  Dr.  Andreae  in  the 
cord  of  a  lady  who  had  suffered  from  some  ill-defined  disturbance  of  the  innerva- 
tion of  the  left  arm:  two  nodules  of  spindle-celled  sarcomata  2  and  3  mm.  in 
diameter  respectively  were  found  in  the  left  anterior  horn  of  the  cervical  cord. 
The  author  has  met  with  numerous  small  fibromatous  nodules  in  the  nerve- 
roots  and  the  cord  of  a  patient  suffering  from  multiple  fibroma  of  the  peripheral 
nerves. 

References:— ViRCHOW,  Krankhafte  Geschwulste;  ScHiJPPEL,  Arch.  d.  Heilk. 
vm.  1867  (glioma  and  gliomyxoma  of  the  cord);  K.  Hoffmann,  Zeitschr.  f.  rat. 
Med.  xxxTV.  1869  (glioma;  Neumann,  Fzrc/i.  Areh.  vol.  61;  Tn.  Simon,  ibid.  vol.  61 ; 
GoLGi,  Cent.f.  med.Wiss,  1875;  Klebs,  loc.  cit.;  Ganguillet,  Beitr.  z.  Kenntniss 
d.  RiXckenmarkstumoren  Berne  1878^  Petrina,  Prager  Viertelj.  133,  134;  Roth, 
Arch,  de  physiol.  1878  (diffuse  glioma  of  the  cord);  Meschede,  Virch.  Arch,  vol. 
35;  Bidder,  ibid.  vol.  88;  Lebert,  Traite  d'anat.  path.  ll.;  Cornil  and  Ranvier, 
Man.  Path.  Hist.  i.  London  1882;  Benjamin,  Virch.  Arch.  vol.  14  (lipoma  of  cere- 
brum); Schultze,  Arch.  f.  Psych,  vill.  (periependymal  angiomatous  gliosarcoma 
of  the  cord);  Meyer  and  Bayer,  Arch.  f.  Psych,  xil  (relation  of  encephalitis  to 
glioma);  Gerhardt,  Festschrift  d.  Universitat  Wurzburg  1882  (glioma);  OsLER, 
Journ.  of  Anat.  and  Physiol,  xv.  1881  ('  neuroma'  of  the  brain,  rather  a  hetero- 
topia); Reisinger,  Virch.  Arch.  vol.  98  (glioma  of  the  cord);  Glaser,  Arch.  /. 
Psych.  XVI.  (angiosarcoma  of  the  cord);  Renault,  Gaz.  med.  de  Paris  1884  (cere- 
bral glioma);  Baird,  Les  tumeurs  du  type  nerveux,  Ai^ch.  de  physiol.  v.  1885. 

663.  The  tumors  of  the  internal  meninges,  the  telae  choroideae, 
and  the  lining  membrane  of  the  ventricles  are  chiefly  of  the  mesoblastic 
or  connective-tissue  type;  but  epithelial  or  carcinomatous  growths  are 
also  met  with. 

In  the  first  place  we  have  a  group  belonging  to  the  sarcomata  which 
form  soft  nodes,  or  less  frequently  broad  flattened  growths.  Their  sec- 
tion is  marrowy,  grayish-white  or  grayish-red  in  tint,  sometimes  almost 
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gelatinous.  They  are  commonest  about  the  base  of  the  brain,  more  rare 
on  its  convexity,  still  rarer  in  the  pia  mater  of  the  cord  and  telae  cho- 
roideae  of  the  ventricles;  they  are  either  entirely  confined  to  the  menin- 
ges or  encroach  somewhat  on  the  nerve-substance. 

So  far  as  investigations  have  shown  they  originate  partly  in  the 
adventitia  of  the  vessels  and  partly  from  the  (endothelial)  cells  which 
cover  the  fibrous  trabecules  of  the  arachnoid,  subarachnoid,  and  pia 
mater.  The  new-formed  cells  become  highly  developed,  and  resemble 
the  multiform  epithelial  cells  of  carcinoma.  As  they  lie  in  a  stroma 
composed  of  the  meningeal  tissues  and  form  dense  clusters  in  its  meshes 
which  look  exactly  like  nests  of  cancer-cells,  the  tumor  has  the  appear- 
ance of  a  carcinoma  and  is  often  so  described.  It  is  however  strictly 
speaking  an  alveolar  sarcoma  (nested  sarcoma)  in  type,  and  its  structure 
and  the  grouping  of  its  endothelial  cells  Justify  us  in  classing  it  with 
the  endotheliomata  (Art.  161). 

Endothelioma  appears  to  be  the  commonest  growth  met  within  the 
soft  membranes,  but  others  also  occur  from  time  to  time  which  must  be 
classed  as  ordinary  sarcoma,  myxosarcoma,  and  myxoma ;  the  latter 
is  chiefly  found  in  the  pia  mater  of  the  cord. 

The  blood-vessels  of  sarcomatous  and  myxomatous  growths  sometimes 
develop  in  number  and  size  until  they  transform  these  into  what  we 
must  call  angiosarcoma,  angiomyxoma,  and  angiomyxosarcoma.  The 
vessels  are  wide  and  thin-walled  or  narrow  and  thick-walled,  and  form 
networks  and  complicated  coils.  The  intervascular  tissue  maybe  simply 
fibrous,  or  mucous,  or  sarcomatous.  If  it  is  scanty  the  tumor  assumes 
the  aspect  of  a  simple  angioma. 

Fibroma,  lipoma,  and  chondroma  are  rare;  but  they  do  occur  in  the 
meninges  and  ventricular  plexuses,  forming  small  nodular  or  lobulated 
tumors  which  compress  the  nervous  tissue.  Seated  at  the  lower  end  of 
the  cord  they  sometimes  encircle  and  compress  the  nerves  of  the  cauda 
equina,  and  lead  to  their  atrophy  and  degeneration. 

Another  rare  growth  in  the  pia  mater  consists  essentially  of  a  coarse 
fibrous  stroma  containing  wide  cysts  or  cavities  filled  with  lymph.  It 
looks  somewhat  like  a  piece  of  oedematous  tissue,  but  is  distinguished 
therefrom  by  the  abundant  development  in  it  of  fibrous  tissue,  which 
marks  it  off  sharply  from  the  surrounding  structure  and  forms  thick 
septa  between  the  cysts.  It  is  thus  a  true  neoplasm  and  might  be 
described  as  cystic  lymphangioma  or  cystic  fibroma. 

In  all  these  growths,  but  especially  in  myxoma  and  in  fibroma,  calci- 
fication may  set  in,  and  alter  the  vessels  or  lead  to  an  increase  of  the  so- 
called  brain-sand. 

Calcareous  plates  are  often  formed  in  the  otherwise  unaltered  pia 
mater;  and  in  the  ventricular  plexuses  the  brain-sand  may  be  so  increased 
that  the  plexuses  are  visibly  enlarged  and  turn  an  opaque  white. 

In  tumors  the  like  occurs,  in  combination  with  calcareous  dec^enera- 
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tion  of  the  vessels.  When  the  accumulation  of  calcareous  matter  in  the 
growth  is  very  great  we  have  what  is  called  psaminoma.  The  organic 
basis  of  brain-sand  consists  of  flattened  cells  which  cohere  like  the  coats 
of  an  onion,  become  homogeneous  and  lose  their  nuclei,  and  then  are 
calcified. 

Carcinomata  are  found  in  the  ventricles,  and  form  soft  tumors  (Fig. 
282  a),  usually  connected  with  the  plexuses  and  originating  in  their  epi- 
thelium or  (more  rarely)  in  that  of  the  ependyma.  The  cancer-cells 
(Fig.  283  a)  lying  in  a  fibrous  stroma  are  of  the  cylindrical  or  columnar 
type.  By  the  outgrowth  of  the  vascular  stroma  into  papillge  the  tumor 
sometimes  assumes  a  papillomatous  appearance  (Fig.  283). 

If  as  not  infrequently  happens  the  stroma  undergoes  partial  mucoid 
degeneration  (Fig.  283  i  c  c^)  the  tumor  exhibits  a  very  peculiar  struc- 


Fio.  282.  Papillomatous  carcinoma  of  the  choroid  plexus. 
{Frontal  section  through  the  third  ventricle.) 

a,  tumor  with  cysts  /,   left  optic  thalamus 

6,    right  optic  thalmus  g,  left  lenticular  nucleus 

c,  right  lenticular  nucleus  ft,  left  internal  capsule 

d,  right  internal  capsule  t,    dilated  left  lateral  ventricle 
e, .  right  corpus  striatum 

ture.  The  papillary  outgrowths  are  transformed  into  cysts  (Fig.  282, 
Fig.  283  d)  separated  merely  by  strings  of  epithelial  cells  (e),  so  that  the 
epithelium  forms  a  kind  of  stroma  enclosing  cysts  formed  of  connective- 
tissue.  Epithelial  pearls,  or  concentric  globes  {h),  are  sometimes 
formed  in  the  midst  of  the  masses  of  epithelium,  and  look  wonderfully 
like  those  met  with  in  cutaneous  cancers  (Art.  172),  while  contrasting 
sharply  with  the  cylindrical  cells  of  the  growth. 

The  tumor  is  usually  confined  to  the  ventricle,  and  leads  to  compres- 
sion of  the  brain- substance  (Fig.  282  /  g  li)  and  ventricular  dropsy  {i). 
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It  may  however  invade  the  brain-substance,  and  give  rise  to  secondary 
nodules  (Spaet).  It  is  not  certain  whether  this  form  of  tumor  occurs 
as  a  primary  growth  in  any  other  region,  but  it  is  quite  possible  that  it 
may  arise  say  about  the  anterior  or  posterior  transverse  fissure,  or  at  the 
base  of  the  brain  near  the  infundibulum;  it  probably  develops  from 
aberrant  germinal  epithelium  (Art.  181). 

.  Cholesteatoma,  or  pearly  tumor,  is  one  whose  mode  of  origin  is  not 
well  understood;  it  is  a  growth  characterized  by  the  presence  in  it  of 
white  rounded  'pearls'  with  a  nacreous  lustre.  It  occurs  chiefly  in 
the  dura  mater  of  the  base  of  the  brain  about  the  transverse  fissures,  but 
it  is  also  found  in  the  interior  of  the  organ.  The  soft  white  mass  of  the 
growth  consists  mainly  of  epithelial  scales  like  those  of  the  epidermis. 
Most  authorities  assume  its  endothelial  origin;  but  it  seems  more  likely 


Fig.    £Jj.     Papilixjmatous   carcinoma   with  gelatinous   degeneration   of   the    stuo^ia    pp-om 

the  third  ventricle. 

{Section  liardened  in  Mailer's  fluid,  stained  with  alura-carmine:     X  25.) 

a,   fibrous  stroma  with  blood-vessels  d,    cyst  in  degenerate  stroma,  with  coagulated 

6,  partially  mucoid  papilla  contents 

c,   mucoid  papilla  coagulated  by  the  hardening  e  /,  interpapiDary  strings  and  nests  of  cells 

fluid  7i,    epithelial  pearls 
C] ,  hyaline  masses 


that  its  '  pearls '  are  derived  from  the  epidermic  epithelium  of  the 
medullary  tube,  and  are  thus  connected  by  descent  with  the  external 
surface.  Moreover  in  rare  cases  (Ziegler)  minute  hairs  have  been 
found  in  the  mass;  and  the  situation  of  the  tumor  points  in  the  same 
direction,  for  the  places  described  are  such  that  at  the  time  of  the  de- 
velopment of  the  brain  primitive  epiblastic  cells  might  well  remain  un- 
elaborated,  and  form  the  rudiment  of  a  neoplasm  at  a  later  stage  (Art. 
181). 
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Secondary  growths  of  every  kind  occur  in  the  meninges.  It  is 
worth  noting  that  they  sometimes  spread  far  and  wide  in  the  subarach- 
noid spaces.  Thus  a  metastatic  cancer  of  the  pia  mater  in  the  verte- 
bral canal  may  in  course  of  time  encircle  the  greater  part  of  the  cord 
and  infiltrate  the  cauda  equina. 

Of  animal  parasites  the  Echinococcus  and  Cysticercus  are  found  in 
the  brain  and  cord.  The  former  takes  the  form  of  single  or  multiple  hyda- 
tid vesicles  of  various  size,  which  compress  the  nerve- substance  and  lead 
to  softening.  The  Cysticercus,  or  measle,  is  commonest  in  the  meninges 
of  the  brain,  and  appears  either  in  the  usual  form  as  a  small  cyst  with 
its  scolex,  or  as  the  Cysticercus  racemosus,  a  cluster  of  large  lobulated 
usually  sterile  vesicles  grouped  like  grapes  around  a  parent  cyst  (Arts. 
243,  245). 

We  may  here  make  mention  of  some  formations  which  are  not  strictly  tu- 
mors, though  in  some  points  resembling  them. 

Aneurysms  of  the  basilar  arteries  are  very  common,  and  reach  a  considerable 
size  (see  Lebert,  Bei^l.  Idin.  Woch.  1866).  Varices  are  developed  chiefly  in  the 
pial  veins  of  the  cord,  and  sometimes  become  so  large  that  they  form  vascular 
knots  like  haemorrhoids,  which  compress  the  cord  and  lead  to  its  degeneration. 
In  the  cerebral  ventricles  are  found  small  nodules  seated  on  the  ependyma:  they 
are  simply  compact  fibrinous  deposits  which  have  become  partially  organized 
and  contain  formative  cells  and  capillaries. 

Many  of  the  growths  described  as  cerebral  cancer  or  epithelioma  have  no 
claim  to  the  title.  Eberth's  and  Arndt's  epitheliomata  of  the  pia  mater  were 
cases  of  alveolar  sarcoma;  only  those  alveolar  neoplasms  in  the  development  of 
which  the  epithelium  of  the  medullary  tube  is  concerned  are  to  be  reckoned  as 
carcinomata. 

CORNIL  and  Ranvier  state  {Man.  Path.  Hist.  i.  London  1882)  that  brain-sand 
arises  from  buds  or  off-shoots  from  the  vessels,  which  are  made  up  of  flattened 
cells  and  presently  become  calcareous.  They  therefore  describe  the  tumors  which 
are  characterized  by  the  abundant  presence  of  the  sand  as  angiolithic  sarco- 
mata.    It  is  doubtful  whether  all  brain-sand  is  of  this  kind. 

References  on  tumors: — Virchow,  loc.  cit.;  MtJLLER,  Virch.  Arch.  vol.  8 
(cholesteatoma),  vol.  16  (melanoma);  Rokitansky,  Handb.  d.  path.  Anat.  li. 
(cholesteatoma,  angioma);  Lebert,  Maladies  cancereuses  Paris  1851;  Parrot, 
Arch,  de  physiol.  1869  (Hpoma);  Morris,  Trans.  Path.  Soc.  xxii.  (angioma); 
WiLKS  and  MoxoN,  Patli.  Anat.  London  1875  (chondroma);  Robin,  Journ.  de 
I'anat.  et  de  la  phijsiol.  1869  (endothelioma);  J.  Arnold,  Virch.  Arch.  vol.  51 
(cystic  sarcoma  telangiectodes);  Eberth,  tbid.  vol.  49  (endothelioma);  Arndt, 
ibid.  vol.  51  (endothelioma);  Meschede,  ibid.  vol.  35  (osteoma);  Klebs,  loc.  cit.; 
Eppinger,  Prager  Viertelj.  1875  (cholesteatoma);  Spaet,  Primdrer  midtipler 
Epithelkrebs  d.  Gehirns  Munich  1882;  Rindfleisch,  Path.  Hist.  II.  London  1373; 
Bernhardt,  Beitr.  z.  Symptom,  u.  Diagnost.  d.  Hirngeschwiilste  Berlin  1881; 
Ganguillet,  loc.  cit.  (sarcoma  of  spinal  pia  mater);  Leyden,  Klinik  d.  PilcJcen- 
markskr.;  Erb,  Ziemssen's  Cyclopaedia  xiii.;  Falkson,  Virch.  Arch.  vol.  75 
(chondrocystosarcomaof  choroid  plexus);  Lachmann,  Arch.f.  Psych,  xin.  (glioma 
of  the  filum  terminale);  Dreschfeld,  Journ.  of  Anat.  and  Physiol,  xrv.  1879 
(psammoma);  Billroth,  Arch.  d.  Heilk.  iii.  (myxoma  of  pia  mater  of  cerebellum); 
Chiari,  Prag.  med.  Woch.  1883  (cholesteatoma  of  dorsal  cord);  Lancereaux, 
Traite  d'anat.  path.  n. 
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On  Cystieercus  racemosus: — Virchow,  Vireh.  Arch.  vol.  18;  Heller,  Ziem- 
ssen's  Cyclopcedia  in. ;  Marchand,  Virch.  Arch.  vol.  75,  Breslau.  arztl.  Zeitschr, 
1881;  Zenker,  Ueb.  cl.  Cyst,  racevi.  d.  Gehimes  Erlangen  1883,  Henle's  Beitrdge 
Bonn  1882;  Griesixger,  Arch.  d.  Heilk.  iii.  1863  (with  references);  Ferber,  ibid. 

On  hydatids  of  the  brain  see  the  works  of  Cobbold,  Davaine,  etc.  (Arts.  245- 
248). 


CHAPTER  XOYIIL 

THE  DURA  MATER,    PINEAL  BODY.   AND   PITUITARY   BODY. 

004.  The  dura  mater  is  a  stout  fibrous  membrane,  closely  adherent 
to  the  inner  surface  of  the  cranium,  and  dividing  into  two  laminc'e  at 
the  foramen  magnum:  one  of  these  lines  the  vertebral  canal,  the  other 
forms  a  sack-like  investment  for  the  spinal  cord,  the  intervening  space 
containing  loose  connective  tissue,  fat,  and  blood-vessels,  in  particular 
the  venous  plexuses. 

Where  the  dura  mater  adheres  to  the  bone  it  serves  as  its  periosteum, 
and  is  liable  to  all  the  morbid  changes  that  affect  the  periosteum  of 
other  bones.  Certain  special  dangers  also  arise  from  its  connection  with 
the  central  nervous  system,  and  these  require  separate  consideration. 

In  the  first  place  the  dura  mater  is  very  frequently  the  seat  of  an 
inflammatory  process  known  as  chronic  internal  pacliynieningitis, 
the  result  of  various  injurious  agencies  whose  exact  nature  is  not  fully 
understood.  Tlie  inflammation  is  usually  hsematogenous,  and  is  asso- 
ciated either  with  inflammation  of  the  pia  mater  and  subarachnoid  tissue 
on  the  one  hand  or  with  disease  of  the  bones  on  the  other.  It  is  com- 
monest in  the  cerebral  dura  mater,  and  may  be  unilateral  and  circum- 
scribed, or  bilateral  and  in  scattered  areas  or  generally  diffused. 

The  first  morbid  sign  is  the  appearance  of  very  thin  fibrinous  de- 
posits on  the  internal  surface  of  the  membrane:  these  consist  of  scanty 
liquid  and  cellular  exudations  from  the  dural  vessels.  After  a  time  the 
fibrin  becomes  organized,  or  in  other  words  pervaded  by  living  cells  and 
new-formed  vessels  growing  as  off-shoots  from  the  inflamed  capillaries. 
A  delicate  fibrous  tissue  is  thus  elaborated,  which  lines  the  dura  mater 
as  a  semi-transparent  vascular  membrane. 

The  new-formed  vessels  have  very  thin  walls  and  are  particularly 
p:"one  to  bleed,  the  slightest  disturbances  of  the  circulation  apparently 
sufficing  to  set  up  hiemorrhage  by  rupture  or  diapedesis.  The  conse- 
quence is  that  pachymeningitic  membranes  nearly  always  contain  recent 
extravasations  and  pigmented  deposits  testifying  to  past  hemorrhage; 
this  peculiarity  has  led  to  the  affection  being  described  as  haemorrha- 
gic  pachymeningitis.  The  extravasations  are  usually  small,  but  now 
and  then  they  are  so  extensive  that  they  separate  the  false  membrane 
from  the  dura,  and  form  blood-cysts  or  haematoiniita^  which  may  cause 
21 
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grave  compression   of  the  brain.     If  the  cyst  gives  way  blood  will  ot 
course  escape  into  the  subdural  spaces. 

Once  the  inflammation  has  begun  it  seldom  attains  to  complete  reso- 
lution and  recovery.  The  extravasated  matters  are  by  degrees  re- 
absorbed, but  if  they  are  at  all  abundant  the  process  is  very  slow  and 
imperfect,  and  their  continued  presence  keeps  up  an  irritation  that  in- 
duces renewed  inflammation.  New  exudations  and  new  membranes  are 
thus  produced,  and  at  length  a  dense  scar-like  tissue  results,  which  con- 
tains masses  of  pigment,  fibrinous  residues,  and  calcareous  matters. 
Sometimes  after  resorption  of  a  haemorrhagic  extravasation  a  localized 
collection  of  liquid  appears  between  the  dura  and  the  cicatrized  mem- 
brane; this  has  been  called  hygroma  of  the  dura  mater,  or  partial 
pachymeningitic  hydrocephalus.  In  older  denser  and  more  fibrous 
membranes  some  of  the  vessels  are  gradually  occluded  by  contraction, 
but  other  parts  remain  highly  vascular,  and  fresh  haemorrhages  keep  up 
the  chronic  inflammation. 

Pachymeningitic  membranes  do  not  usually  adhere  to  the  arachnoid; 
but  when  this  happens  the  new-formed  vessels  pass  down  into  the  in- 
ternal meninges. 

There  is  also  an  external  chronic  pachymeningitis  in  which  the 
changes  are  chiefly  limited  to  the  cranial  surface  of  the  dura  mater:  they 
consist  of  thickening  of  the  membrane  and  absorption  or  hyperplasia  of 
the  bone.  Moreover,  the  dura  mater  is  frequently  inflamed  by  ex- 
tension of  mischief  from  contiguous  parts.  Thus  suppuration  due  to 
an  infected  Avound  of  the  skull  may  involve  the  dura  mater  (Art.  654); 
and  otitis  media  or  inflammation  of  the  petrous  bone  or  of  the  vertebra 
or  the  interdural  tissue  frequently  extends  to  this  membrane.  When 
suppuration  takes  place  the  dura  has  a  discolored  yellowish- white 
or  grayish-yellow  appearance:  if  the  suppuration  is  preceded  by  haemor- 
rhage the  tint  may  be  grayish-green  or  brown. 

Tuberculosis  arises  as  a  concomitant  of  embolic  tuberculous  lepto- 
meningitis or  of  tuberculous  bone-dissase.  The  inner  surface  of  the 
dura  is  beset  with  disseminated  gray  tubercles,  while  in  more  advanced 
stages  pachymeningitic  membranes  containing  tubercles,  or  large  granu- 
lomatous vegetations,  or  caseous  foci  are  found.  The  latter  are  com- 
monest in  connection  with  bone-disease,  and  then  frequently  affect  both 
surfaces  of  the  membrane. 

In  syphilis  cellular  infiltrations  and  granulations  are  formed  in  the 
dura  mater,  and  lead  in  time  to  dense  scar-like  thickenings,  which  fre- 
quently enclose  caseous  masses.  If  the  process  goes  on  extensive  ad- 
hesions are  set  up  with  the  arachnoid  and  pia  mater. 

Most  tumors  of  the  dura  mater  are  sarcomatous.  The  spindle-celled 
forms  are  the  most  frequent,  but  round-celled  and  multiform-celled 
types  are  also  found.  We  also  meet  with  alveolar  sarcomata  and 
eudotheliomata,  characterized  by  the  formation  of  cell-nests  and  re- 
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ticulated  strings  of  cells  (Fig.  284  cd)  within  a  fibrous  stroma  (a). 
These  latter  take  the  form  of  flattened  or  pedunculated  fungoid  out- 
growths (fnnr/us  durm  inatris),  varying  from  the  size  of  a  pea  to  that  of 
an  apple,  which  grow  inwards  and  indent  the  surface  of  the  brain  or 
cord.  On  the  outer  aspect  of  the  dura  they  erode  and  even  perforate 
the  bone  by  continuous  pressure  and  consequent  atrophy.  They  are 
commonest  within  the  cranium,  being  indeed  rare  in  the  spinal  canal. 
The  pedicle  sends  out  root-like  processes  of  cells  into  the  substance  of 
the  dura  mater,  from  which  the  growth  evidently  originates.  The  en- 
dothelium of  the  lymphatic  vessels  furnishes  the  characteristic  clusters 
and  strings  of  cells,  and  the  latter  are  often  excavated  {d)  in  a  way  that 
immediately  suggests  the  parent  vessel.  This  appearance  is  visible 
chiefly  in  the  recent  parts  of  the  growth,  the  older  parts  showing  merely 


Fig.  284.    Endothelioma  of  the  duka  mater. 
{.Hardened  in  Miiller^ s  fluids  stained  with  hmmatoxylin,  and  mounted  in  Canada  balsam 


a,  fibrous  stroma 
6,  group  of  round -cells 

c,  nests  and  strings  of  cells  derived  from  the 
endothelium  of  the  lymphatic  vessels 


X25.) 


d,  tubular  tract  of  endotheUal  cells 

e,  fatty  degeneration  of  a  cellular  mass 

/,  mass  of  endotheUal  cells,   on  the  right  side 
passing  gradually  into  the  fibrous  stroma 


a  diffuse  cell-growth  which  passes  gradually  into  the  structure  of  the 
fibrous  tissue.  When  tumors  of  the  dura  mater  become  very  vascular 
they  may  assume  some  of  the  characters  of  angioma ;  if  the  vessels 
calcify  and  give  rise  to  an  abundant  production  of  brain-sand  the  growth 
becomes  a  psammoma. 

Fibroma  is  on  the  whole  rare,  but  it  may  occur  in  any  part  of  the 
dura  mater,  forming  rounded  tumors;  lipoma  is  very  rare. 

Enchondroma  is  not  infrequmtly  met  with  in  the  form  of  small 
gelatinous  nodules  about  the  back  of  the  sella  turcica  and  basilar  portion 
of  the  occipital  bone;  the  tumor  originates  in  residual  unossified  frag- 
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ments  of  the  cartilaginous  synchondrosis  between  this  hone  and  the 
sphenoid. 

Osteoma  occurs  chiefly  in  the  cerebral  dura  mater,  and  most  fre- 
quently about  the  falx  cerebri.  The  growth  appears  as  a  plate  of  bone 
of  irregular  form  with  spinous  and  ridge-like  processes. 

Of  secondary  or  metastatic  growths  in  the  dura  mater  carcinoma 
is  the  most  usual. 

References  on  pachymeningitis: — Virchow,  Wurzburg.  Verhandl.  1856 ; 
SCHUBERG,  Virch.  Arch.  vol.  16;  Kremiansky,  ibid.  vol.  43;  Weber,  Ai^ch.  d. 
HeilJc.  I.  1860  (hgematoma);  Lancereaux,  Arch,  generales  de  med.  1863-63,  Traite 
d'anat.  path,  u.;  Wil.ks,  Med.  Times  and  Gaz.  1,  1868;  Rindfleisch,  Path.  Hist. 
u.  London  1873;  Sperling,  Cent.f.  med.  Wiss.  39, 1871;  Paulus,  Verkalkung  und 
VerTcnocherung  d.  Hamatomes  d.  Dura  Mater  Erlangen  1875;  Huguenin,  Ziem- 
ssen's  Cyclop,  xii. 

On  tumors  of  the  dura  mater: — Rokitansky,  Lehrb.  d.  path.  Anat.  Ii. 
Robin,  Becherches  anat.  sur  Vepitheliome  des  sereuses,  Journ.  de  Vanat.  1869 
Lebert,  Virch.  Arch.  vol.  3;  Arnold,  ibid.  vol.  53;  Rustizky,  ibid.  vol.  53 
BizzozERO  and  BozzoLO,  Wiener  med.  Jahrb.  1874;  Schuppel,  Arch.  d.  Heilk. 
X.  (1869);  Virchow,  Die  Entivickelung  d.  Schddelgrundes  1857  (ecchondrosis  of 
the  basi-occipital);  Luschka,  Virch.  Arch.  vol.  11  (ditto);  Zenker,  ibid.  vol.  13 
(ditto);  Lancereaux,  Traite  d' anat.  path.  ii. 

665.  The  hypophysis  cerebri  or  pituitary  body  is  seated  in  the  sella 
turcica,  and  is  composed  of  two  lobes:  the  anterior  consists  of  a  fibrous 
stroma  enclosing  numerous  round  and  oval  follicles  filled  with  epithelial 
cells,  the  posterior  of  vascular  connective  tissue  containing  cell-like 
clusters  of  fat-granules.  At  the  junction  of  the  two  lobes  the  tissue  is 
very  vascular,  and  contains  cavities  lined  with  ciliated  columnar 
epithelium  (Weichselbaum). 

Cystic  degeneration  and  hyperplastic  overgrowth  of  the  anterior  lobe 
are  not  uncommon,  the  cysts  usually  containing  colloid  masses.  This 
transformation  is  called  adenoma  of  the  pituitary  body  (Weigeet),  and 
the  growth  sometimes  reaches  the  size  of  a  hen's  egg.  It  of  course  pro- 
trudes more  or  less  from  the  sella  turcica,  presses  on  the  adjoining  brain- 
substance,  or  into  the  ventricles  (Zenker),  and  sometimes  leads  to  atro- 
phy of  the  underlying  bone. 

According  to  Weichselbaum  the  ciliated  cavities  are  very  apt  to  un- 
dergo cystic  change,  the  cysts  containing  homogeneous  or  granular 
matter  secreted  by  the  epithelium. 

After  adenoma  the  commonest  growths  are  carcinoma  and  sarcoma 
(Klebs),  which  also  take  the  form  of  nodose  swellings.  Weichselbaum 
has  described  a  pair  of  smalWipomatain  the  posterior  lobe,  and  Weigert 
a  teratoma. 

The  pituitary  body  may  be  inflamed  in  connection  with  disease  of 
the  neighboring  parts:  tubercles  and  gummata  are  however  rare  in  this 
situation  (Weigert). 


DURA    MATRR,    PINEAL    BODY,    PITUITARY    BODY.  1020 

The  pineal  body  consists  of  fibrous  tissue  enclosing  a  nu  ibcr  of 
more  or  less  spherical  follicles,  each  containing  a  reticulate  structure  of 
epithelial  cells,  a  number  of  rounded  cells  with  slender  processes 
(Toldt),  and  a  quantity  of  brain-sand. 

The  most  frequent  pathological  changes  observed  in  this  organ  are 
— abnormal  increase  of  the  quantity  of  brain-sand  (psammoma),  hyper- 
plastic enlargement  (so-called  glioma),  and  cystic  degeneration  (hydrops 
cysticus);  it  may  participate  in  inflammations  of  the  adjacent  structures. 
The  author  once  found  in  it  a  tumor  as  large  as  a  pigeon's  egg,  consist- 
ing essentially  of  blood-clot  (haematoma). 

References  on  the  pituitary  body:  Virchow,  Die  krankhaften  Oeschwulste ; 
Zenker,  Vireh.  Arch.  vol.  13;  Wagner,  Arch.  d.  Heilk.  1863;  Weigert,  Virch. 
Arch.  vol.  65;  Weichselbaum,  ibid.  vol.  75;  Ribbert,  ibid.  vol.  90;  Klebs, 
Viertelj.f.  prakt.  Heilk.  125;  Beck,  Zeitschr.  f.  Heilk.  iv.  1883  (teratoma);  Bern- 
hardt, Beitrage  z.  Sympt.  u.  Diagnostik  d.  HirngeschwiXlste  Berlin  1881. 


SECTION    XII. 

PEEIPHEEAI.    STEEVOUS    SYSTEM. 


OHAPTEE   XOIX. 

STRUCTURE    OF    PERIPHERAL    NERVES. 

666.  The  peripheral  nervous  system  is  composed  of  nerves  and 
ganglia,  together  with  certain  terminal  organs.  The  nerves  consist 
essentially  of  medullated  and  non-medullated  fibres:  in  the  ganglia  there 
are  similar  nerve-fibres  and  associated  ganglion-cells. 

A  medullated  fibre  is  a  long  cylindrical  structure,  the  axis  being 
occupied  by  the  so-called  axis-cylinder.  During  life  the  latter  is 
homogeneous  and  enclosed  in  a  sheath  of  myeline  (medullary  sheath), 
and  this  again  in  a  delicate  fibrous  envelope — the  primitive  sheath,  neu- 
rilemma, or  sheath  of  Schwann.  The  medullary  sheath  is  interrupted 
at  intervals  by  the  nodes  of  Ranvier :  at  these  points  the  axis-cylinder 
is  covered  only  by  the  sheath  of  Schwann,  and  chiefly  through  them  is 
its  nutrition  kept  up.  Each  nerve-fibre  is  thus  subdivided  into  seg- 
ments of  1  to  2  mm.  in  length;  each  segment  has  about  its  middle  a 
nucleus  lying  close  to  the  sheath  of  Schwann,  and  on  the  inner  side  of 
the  sheath  close  to  the  nucleus  is  a  thin  layer  of  protoplasm.  External  to 
the  sheath  of  Schwann  is  a  fibrillar  sheath  (Axel  Key  and  Retzius), 
which  also  contains  nuclei  and  a  scanty  protoplasm. 

The  non-medullated  fibres  possess  an  axis-cylinder  with  a  primi- 
tive sheath  containing  nuclei  at  intervals. 

Both  kinds  of  fibres  unite  to  form  nerves  of  various  degrees  of  thick- 
ness: the  nerves  from  the  brain  and  cord  consist  chiefly  of  medullated 
fibres,  those  of  the  sympathetic  system  chiefly  of  non-medullated  fibres. 

The  smaller  nerves  consist  of  a  single  bundle  of  nerve  fibres,  the 
larger  nerves  of  a  certain  number  of  bundles. 

Each  bundle  (Figs.  286,  288  c)  is  surrounded  by  a  fibrous  envelope  or 
perineurium :  in  a  large  trunk  several  such  bundles  are  enclosed  in  a 
perineurium  (Fig.  288  a),  each  of  them  being  surrounded  by  an  epineu- 
rJum  {b)  of  loose  connective  tissue,  often  containing  fat-cells.  Septa 
pass  from  the  perineurium  between  the  bundles  (Fig.  286),  and  subdi- 
viding into  finer  fibres  surround  the  individual  nerve-fibres  with  an 
endoneurinm.  The  blood-vessels  of  the  nerve-trunk  run  in  these 
fibrous  envelopes.  At  the  peripheral  ends  the  axis-cylinders  break  up 
into  primitive  fibrils,  and  these  terminate  in  the  various  peripheral  end- 
organs. 

In  the  course  of  some  of  the  nerves  (especially  of  the  sympathetic) 
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are  one  or  more  clustered  groups  of  ganglion-cells:  when  these  are  large 
enough  to  be  easily  visible  they  are  called  ganglia.  The  cells  and  fibres 
of  such  a  ganglion  lie  in  a  fibrous  stroma  whose  elements  are  in  direct 
continuity  with  the  fibrous  structures  of  the  corresponding  nerve. 

The  morbid  changes  occurring  in  the  nerves  affect  partly  the  nerv- 
ous elements,  partly  the  fibrous  framework.  In  many  respects  the 
changes  correspond  to  those  affecting  the  central  nervous  system,  but 
they  also  offer  remarkable  peculiarities  of  their  own. 


CHAPTER  O. 

ATROPHY  AND  DEGENERATION. 

667.  The  degenerative  processes  which  lead  to  atrophy  and  diScip- 
pearance  of  the  peripheral  nerve-fibres  and  ganglion-cells  correspond  in 
their  general  course  with  the  like  processes  in  the  brain  and  cord. 

In  the  first  place  fibres  and  cells  may  gradually  dwindle  and  waste 
away  without  undergoing  any  appreciable  change  of  structure.  More 
frequently  however  the  destruction  is  speedier  and  accompanied  with 
the  various  evidences  of  disintegration  so  often  observed  in  the  central 
organs. 

In  the  medullated  fibres  there  appears  first  a  turbidity  and  then  a 
splitting  up  of  the  medullary  sheath,  leading  to  the  formation  of  large 
and  then  of  smaller  fragments  and  droplets  of  myeline,  until  the  wliolo 
sheath  is  reduced  to  globules  or  particles.  The  axis-cylinder  and  its 
primitive  fibrils  may  in  like  manner  break  up  into  small  fragments  (Fig. 
285  c),  or  swell  up  and  become  liquefied;  though  it  must  be  remembered 
that  the  axis  shows  itself  more  resistant  towards  many  kinds  of  injury 
than  the  medullary  sheath. 

The  sheath  of  Schwann  usually  remains  intact,  and  even  the  so-called 
nerve-corpuscles  or  nuclei  of  the  several  segments  persist  also  (Fig.  285 
d  d^  dj.  When  the  medullary  sheaths  break  up,  extravasated  leucocytes 
pick  up  the  products  of  disintegration  and  form  fat-granule  cells  which 
lie  within  the  primitive  sheaths  or  in  the  fibrous  envelopes.  Sometimes 
the  cells  of  the  connective  tissue  also  become  fatty. 

The  single  or  clustered  ganglion-cells  occurring  in  the  course  of  the 
nerves  perish  by  swelling  and  liquefaction,  by  fatty  change,  or  by  simple 
atrophy. 

A  medullated  nerve  which  has  lost  its  medullary  sheath  shrinks  in 
volume  and  looks  gray  and  translucent:  if  it  is  at  the  same  time  vascular 
its  tint  is  grayish-red. 

The  exact  manner  and  extent  of  the  degeneration  of  the  nerve-ele- 
ments depends  on  the  nature  of  the  injurious  or  destructive  agent 
which  is  at  work;  though  in  all  degenerative  processes  there  is  one 
feature  which  is  constant,  namely  the  prompt  extension  of  the  change 
over  all  the  portion  of  the  nerve  to  the  distal  side  of  any 'point  at  which 
ihe  axis-cylinder  is  completely  interrupted. 
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Such  an  interruption  is  most  quickly  and  most  completely  effected 
by  section  of  the  nerve,  and  thus  in  the  investigation  of  peripheral 
degeneration  such  intentional  or  unintentional  section  plays  the  chief 
part.  At  the  cut  surfaces  of  a  nerve  there  quickly  appears  a  button-like 
protrusion  and  swelling  of  a  gray  or  grayish-red  tint,  together  with 
some  gelatinous  exudation.  In  a  day  or  two  the  segments  of  the 
peripheral  portion  become  less  refractive,  and  turbid,  and  by  the  third 
day  the  medullary  and  primitive  sheaths  are  deeply  indented  at  the 
nodes.  On  the  fourth  to  the  sixth  day  the  medulla  breaks  up  into  large 
drops  of  myeline,  and  in  a  few  days  more  there  is  nothing  of  it  left  but 
droplets  and  granules  of  detritus  which  are  ultimately  absorbed. 

The  axis-cylinder  speedily  becomes  almost  or  altogether  invisible,  and 
perishes  partly  by  swelling  and  vacuolation,  partly  by  breaking  up  into 
fragments. 

In  simple  uncomplicated  section  of  the  nerve  the  proximal  or  central 
end  degenerates  for  a  small  distance  only  from  the  wound,  the  change 
stopping  at  the  first  or  second  node  of  Eanvier.  Only  when  the  nerve- 
end  is  bruised  or  otherwise  inflamed  do  some  of  the  bundles  degenerate 
for  a  greater  distance.  In  such  a  case  the  primitive  sheath  of  the 
degenerate  fibres  contains  a  large  number  of  extravasated  leucocytes 
which  in  simple  section  are  seldom  or  never  very  abundant. 

Severe  crushing  or  pinching  and  abiding  compression  (as  from  a 
tumor  or  a  shrinking  cicatrix)  of  a  nerve  have  an  effect  similar  to  sec- 
tion, the  latter  leading  to  anaemic  necrosis  or  degeneration  of  the  com- 
pressed portion.  The  difference  is  chiefly  in  the  fact  that  the  interrup- 
tion is  not  at  once  complete,  but  affects  the  several  strands  or  bundles 
in  succession. 

Disease  of*  the  anterior  horns  of  the  cord  and  of  the  motor  roots 
leading  to  destruction  of  motor  ganglion-cells  or  nerve-fibres  are,  like 
other  interruptions  of  the  conducting  tracts,  followed  by  peripheral 
degeneration:  but  it  must  be  kept  in  mind  that  when  the  destruction  of 
the  ganglion-cells  is  more  gradual  the  corresponding  atrophy  of  fibres  is 
not  so  rapid,  the  medullary  sheath  wastes  by  degrees  (Fig.  285  d),  and 
within  one  and  the  same  bundle  we  may  find  fibres  that  are  sound,  others 
partially  atrophied  {b  c),  and  others  totally  destroyed  {d^  dj. 

A  second  frequent  cause  of  degeneration  of  the  nerves  is  primary  and 
secondary  neuritis,  due  to  traumatic  or  infective  inflammation  of  the 
connective-tissue  framework  (Art.  669),  which  leads  to  disturbance  of 
the  circulation  and  nutrition  of  the  nerve  or  to  direct  compression  of  it. 
Sometimes  too  hsemorrhages  give  rise  to  injurious  pressure  on  the  nerve- 
fibres. 

Lastly,  motor  nerves  atrophy  when  their  muscles  are  long  disused 
(Fischer),  the  atrophy  being  however  confined  to  the  peripheral  parts: 
there  is  no  ascending  atrophy  of  such  nerves  to  any  extent  comparable 
with  the  descending  atrophy. 
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Occasionally  we  meet  with  local  or  multiple  peripheral  degenerations 
of  which  we  cannot  with  certainty  discover  the  cause.  Thus  the  vagus 
is  subject  to  degenerative  changes  without  any  apparent  compression, 
inflammation,  or  other  injury.  Blaschko  describes  a  wide-spread  fatty 
degeneration  of  Auerbach's  and  Meissner's  plexuses  in  the  intestines.' 
The  multiple  neuritis  of  some  authors  (Art.  G69)  is  in  fact  of  the 
nature  of  degenerative  atrophy. 

In  such  isolated  degenerations  we  must  assume  that  some  disorder  of 
the  circulation  (due  e.  g.  to  change  m  the  vessels  or  change  in  the  blood) 
is  at  work.  Thus  lead-poisoning  gives  rise  not  only  to  degeneration  of 
the  muscular  nerves  (Lancereaux,  Gombault,  Friedlander,  etc.) 
but  also  to  change  in  the  intestinal  plexuses.  When  the  nerve-changes 
are  acute  and  accompanied  by  febrile  disturbance  it  is  probable  that 


Fig.  285.    Atrophy  of  motor  nerves  in  anterior  poliomtelitis. 

{^Treated  toitli  Muller's  fluid  andperosmic  acid,  and  teased  out  in  glycerine  :  X  200.) 

a,  sheath  of  Schwann  d,  uninuclear, 

6,  axis-cylinder  with  adherent  drops  of  myeline    dj,  multinuclear, 

c,  axis-cylinder  breaking  up  d^,  bipolar  cell  within  the  sheath  of  Schwann 

infection  of  some  kind  is  in  question.  E.  Maier  showed  experimentally 
that  in  chronic  lead-poisoning  the  submucous  and  myenteric  ganglion- 
cells  become  turbid,  lose  their  nuclei,  break  into  fragments,  and  dis- 
appear, while  the  connective  tissue  about  them  is  simultaneously 
increased. 


According  to  Key,  Retzius,  S,  Mayer,  and  Korybutt-Daszkiewicz,  degen- 
erative and  regenerative  changes  take  place  normally  in  peripheral  nerves;  and 
many  filaments  hitherto  assigned  to  the  fibrous  sheaths  or  the  fibres  of  Remak 
are  simply  degenerate  or  nascent  nerve-fibres. 

The  drops  of  myeline  in  degenerate  nerves  are  stained  black  by  perosmic  acid 
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while  the  granular  matters  are  unstained:  S.  Mayer  infers  from  this  that  the 
nerve-substance  breaks  up  into  fatty  and  albuminoid  component  elements. 

As  to  the  exact  fate  of  the  axis-cylinder  of  the  peripheral  end  of  a  cut  nerve 
there  is  still  some  uncertainty,  notwithstanding  the  numerous  investigations  that 
have  been  made:  there  is  no  question  as  tojthe  medullary  sheath.  Waller,  Eulen- 
BURG,  Landois,  Hjelt,  Ranvier,  Benecke,  Cossy  and  Dejerine,  Tizzoni,  Lee- 
GARD,  Vanlair,  Falkenheim,  and  others  state  that  the  axis-cylinder  degenerates: 
ScHiFF,  Philippeau,  Korybut-Daszkiewicz,  Erb,  Charcot,  Wolberg,  and 
others  maintain  that  it  persists  intact.  In  the  text  we  have  adopted  the  former 
account.  After  loss  of  the  ganglion-cells  in  the  anterior  horns  of  the  cord  the 
axis-cylinders  of  the  motor  fibres,  and  after  section  of  a  peripheral  nerve  those  of 
all  the  fibres,  degenerate. 

References  on  degeneration  and  regeneration  of  nerves  after  section: — Wal- 
ler, Midler's  Arch.  1853,  Comptes  rendus  1851-52;  Schiff,  ibid.  1854;  Philip- 
peau and  VuLPiAN,  ibid.  1859;  Hjelt,  Virch.  Arch.  vol.  19;  Remak,  ibid.  vol.  23; 
EiNSiEDEL,  Ueb.  Nervenregener.  nach  Ausschneidung  eines  NervenstiXckes  Giessen 
1864;  Laveran,  Rech.  exp.  sur  la  regener.  d.  nerfs  Strasburg  1867;  Eulenburg 
and  Landois,  Berl.  klin.  Woch.  1864-65;  Robin,  Journ.  d.  Vanat.  1868;  Neumann, 
Arch.  d.  Heilk.  ix.  (1868);  Erb,  D.  Arch.f.  klin.  Med.  iv.,  v.;  Herz,  Virch.  Arch. 
vol.  46;  Vulpian,  Arch.  d.  physiol.  1873-74;  Weir-Mitchell,  Injuries  of  nerves 
London  1872;  Letievant,  Traite  des  sections  nerveiises  Vax'is  1873;  Leegard,  D. 
Arch.  f.  klin.  Med.  xxvi.;  Benecke,  Virch.  Arch.  vol.  55;  Ranvier,  L>gons  sur 
Vhistologie  dusyst.  nerv.  Paris  1878;  CossY  and  Dejerine,  Arch,  de physiol.  1875; 
Engelmann,  PflUger's  Arch.  xiii.  (1876);  Bakowiecki,  Arch.  f.  mikrosk.  Anat. 
xni.  (1876);  CoLOSANTi,  Arch.  f.  Anat.  und  Physiol.  1878;  Gluck,  Virch.  Arch. 
vol.  72,  Arch.f.  klin.  Chir.  xxv.,  xxvi.;  Santi  Sirena,  jRicerce  sperim.  sulla 
reprod.  <l.  nervi  Palermo  1880;  TizzONi,  Arch.  p.  I.  sci.  med.  ill.  (1878),  Cent.  f. 
med.  Wiss.  1878,  Sidla  patolog .  d.  tessuto  neruoso  Turin  1878;  S.  Mayer,  Degen. 
und  Regen.  d.  Nervenfasern  Prague,  1881;  Hoggan,  Trans.  Path.  Soc.  xxxi. 
(1880),  Journ.  d.  Vanat.  xviii.  (1882);  Gessler,  D.  Arch.  f.  klin.  Med.  xxxm, 
(motor-nerve  changes  after  section),  Die  motor.  Endplatte  u.  ihre  Bedeut.  f.  d. 
periphere  Ldhmung  Leipzig  1885;  Neumann,  Arch.  f.  mikrosk.  Anat.  xiii.  (1880), 
xviii.  (1885);  Vanlair,  Arch,  debiol.  iii.  (1882);  Eichhorst,  Eidenburg's  Realen- 
cycJop.  d.  gesam.  Heilkunde.  Virch.  Arch.  vol.  59;  Peyerani,  Biol.  Centralb.  in. 
(1883);  Falkenheim,  Ziir  Lehre  von  d.  Nervennaht  In.  Diss.  Konigsberg  1881; 
TiLLMANNS,  Arch.f.  klin.  Cliir.  xxvii. ;  Basch,  ibid.;  Wolberg,  Deut.  Zeitschr. 
f.  Chir.  XVIII.,  XIX.  (1883);  Nicaise,  Internat.  encyclop.  of  surgery  iii.  London 
1883;  P.  Bruns.  Mitth.  a.  d.  chir.  Klinik  ii.  Tiibingen  1884;  Cattani,  Arch.  p.  I. 
sci.  med.  vili.  1885  (nerve-stretching);  Hayem  and  Gilbert,  Modificattou  du  syst. 
nerv.  chez  un  ampute,  Arch,  de  physiol.  iii.  (1884). 

The  memoirs  of  Vanlair,  Falkenheim,  Tillmanns  and  Wolberg  include  not 
only  experimental  researches  of  their  own,  but  also  summaries  of  published  cases, 
and  criticisms  on  previous  methods  of  experiment:  the  subject  of  nerve-suture  is 
also  dealt  with.  Wolberg's  paper  is  the  most  comprehensive  on  all  points 
bearing  on  the  main  subject. 

On  nerve-degeneration  from  lead-poisoning  and  from  undetermined  causes: — 
Lancereaux,  Gaz.  vied,  de  Paris  1862,  1871;  Gombault,  Arch,  de  physiol.  v.  (1873); 
Dejerine,  Gaz.  med.  de  Paris  1879;  Zenker,  Zeitschr.  f.  klin.  Med.  i.  (1880); 
Westphal,  Arch.  f.  Psych,  iv.  (1873),  vi.  (1875);  Remak,  ibid.  vi.  (1875);  Vulpian, 
Mai.  du  syst.  nerveux  Paris  1879;  Friedlander,  Virch.  Arch.  vol.  75;  Popow, 
ibid.  vol.  93;  R.  Maier,  ibid.  vol.  90;  Kussmaul  and  Maier,  D.  Arch.f,  klin. 
Med.  IX.  (1872);  Eisenlohr,  ibid,  xxvi.;  Blaschko,  Virch.  Arch.  vol.  94; 
DuMENiL,  Gaz.  hebdom.  1864;  Schultze,  Ai'ch.  f.  Psych,  xiv. ;  Monakow,  ibid. 
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X.;  MoRiTZ,  Journ.  of  Anat.  and  Physiol.   1880;  Biesda.ll,  Amer.  Joum.   of 
neurology  1882;  Naunyn,  Ziemsseri's  Cyclop,  xvii. 

On  atrophy  from  disuse: — Fischer,  Deut.  Zeitschr.  f.  Chir,  viu.  (1877);  SiEO- 
MUND  Mayer,  Prag.  med.  Woch.  1878. 


CHAPTEE    01. 

REGENERATION   OF   NERVES. 

668.  TJnion  of  seTered  nerves.  It  has  long  been  known  that 
nerves  which  have  been  cut  through,  and  whose  function  has  been 
thereby  completely  abolished,  are  capable  of  repair,  and  in  the  course  of 
weeks  or  months  recover  their  conducting  power.  Recent  surgery  has 
utilized  this  fact,  and  seeks  to  bring  about  the  speedier  union  and  recovery 
of  severed  nerves  by  suture  of  their  ends.  Over  fifty  cases  have  already 
been  published  in  which  nerve-suture  has  resulted  in  more  or  less  perfect 
restoration  of  function,  and  that  not  only  when  the  wounds  were  recent 
but  in  some  cases  where  suture  did  not  take  place  till  after  the  lapse  of 
months  or  years  from  the  time  of  injury. 

The  union  and  recovery  of  severed  nerves  has  been  often  observed  in 
animals  as  well  as  in  men,  and  in  recent  years  a  large  number  of  experi- 
ments have  been  made  to  throw  light  on  the  fact  and  on  the  histological 
process  by  which  it  is  brought  about.  Unfortunately  we  do  not  yet  fully 
understand  all  the  steps  of  this  process:  opiaions  differ  as  to  the  fate  of 
the  peripheral  end  of  a  severed  nerve  (Art.  667),  and  it  is  therefore 
scarcely  surprising  that  authorities  are  not  agreed  as  to  the  details  of 
regeneration.  Hardly  two  of  the  multitude  of  writers  on  the  subject 
take  exactly  the  same  view,  and  we  are  therefore  unable  to  give  an  ac- 
count of  it  which  shall  be  wholly  satisfactory. 

When  the  functional  continuity  of  a  nerve  is  interrupted  by  section, 
crushing,  compression,  etc.  various  things  may  happen.  The  nerve- 
fibres  only  may  be  injured,  the  nerve  remaining  still  macroscopically 
continuous;  or  it  may  be  completely  severed,  the  ends  retracting  some 
small  distance  apart,  or  becoming  so  widely  separated  that  there  is 
no  possibility  of  their  reuniting  naturally.  The  regenerative  process  can 
be  best  followed  in  the  second  case,  which  is  that  most  frequently  ob- 
served experimentally,  the  parted  nerve-ends  being  reunited  by  the 
intercalation  of  a  new-formed  piece  of  nerve. 

The  wound  that  severs  a  nerve  is  immediately  followed  by  an  inflam- 
mation, which  leads  to  swelling  of  the  cut  ends,  and  the  deposit  of 
exudation  between  them.  In  the  subsequent  week  or  two  granulations 
and  cicatricial  tissue  are  formed,  while  the  central  and  peripheral  ends 
undergo  the  changes  referred  to  in  Art.  667. 

The   regeneration   of    the  nerve-fibres  begins  a  few  days  after  the 
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operation  (Ran^vier)  in  the  central  end:  Ranvier  says  at  the  very 
extremity  of  this  end,  Vanlair  at  a  distance  of  1.5  to  2  cm.  from  it. 
EiCHHORST  observed  the  beginning  of  regeneration  in  the  nerve  of  a 
rabbit  on  the  fourteenth  day  after  injury. 

The  first  change  is  a  swelling  of  some  of  the  axis-cylinders  in  the 
outer  parts  (Vanlair)  of  the  nerve-bundles  of  the  central  end,  and  this 
is  followed  by  subdivision  of  each  into  from  two  to  five  new  axis-cylin- 
ders (Ranvier).  The  new  cylinders  grow  in  length,  and  form  within 
the  old  sheath  of  Schwann  whole  bundles  of  new  nerve-fibres  (Fig.  286  e), 
which  usually  distend  the  lumen  of  the  sheath  and  compress  any  per- 
sisting remnants  of  the  older  fibres  (/).  According  to  VAifLAiR  they 
sometimes  burst  the  old  sheath,  and  then  either  grow  out  amid  the  tissue 


Fig.  286.    Central  end  op  a  nerve-bundle  in  process  op  regeneration. 

{From  the  median  nerve  4  months  after  severance  by  a  stab:  hardened  in  Muller^s  fluid.,  stained 
with  neutral  carmine,  and  mounted  in  Canada  balsam,:    x  300.) 


a,    perineurium 
6,    endoneurium 

c,  blood-vessel 

d,  old  unaltered  nerve-fibre 


e,    bundle  of  new-formed  nerve-flbres 
/,    new-formed  nerve-flbres  compressing  an  old 
fibre  within  the  same  sheath 


of  the  endoneurium,  or  penetrate  the  perineurium  of  the  bundles  into 
the  epineurium. 

In  this  way  at  the  extremity  of  the  central  end  a  large  number  of  new 
fibres  are  developed.  They  consist  at  first  of  new-formed  axis-cylinders 
surrounded  by  a  protoplasmic  nucleated  sheath  (Vanlair),  and  pres- 
ently they  receive  a  homogeneous  envelope  of  connective-tissue  (e)  formed 
at  the  expense  of  the  protoplasmic  sheath,  and  a  thin  medullary  sheath 
which  grows  between  the  latter  and  the  axis-cylinder.  The*  perineurium 
of  the  bundles  giving  way  and  the  new  fibres  thus  dispersing  as  it  were 
in  the  epineurium,  the  characteristic  grouping  of  the  nerve-fibres  in 
22 
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bundles  is  lost;  the  new  fibres  are  more  uniformly  spread  through  the 
connective  tissue,  and  the  usually  fatty  epineural  envelope  assumes  a 
striated  fibrous  appearance. 

In  this  manner  the  re-formed  and  growing  nerve  enters  the  soft  mass 
of  granulations  and  cicatricial  tissue  that  intervenes  between  the  severed 
ends.  When  it  reaches  the  peripheral  end,  some  of  whose  fibres  have 
meanwhile  perished,  certain  of  the  new  fibres  enter  the  empty  primitive 
sheaths  (Ra-NVIEr),  but  the  greater  number  penetrate  the  epineuriura 
(Vanlair)  and  perineurium  and  advance  towards  the  peripheral  end- 
organs.  Others  miss  the  peripheral  end  and  run  either  alongside  it  or 
on  a  course  of  their  own  to  the  surface:  many  fibres  too  which  leave  the 
old  track  disappear  and  are  lost  in  the  tissues  (Vanlair).  In  the 
peripheral  half  of  the  intercalated  cicatrix  the  nerve-fibres  begin  to 
gather  once  more  into  bundles  (Vanlair),  and  a  perineurium  forming 
round  these,  the  whole  thickness  of  the  nerve  by  degrees  assumes  a 
nearly  normal  ajDpearance. 

These  changes  require  weeks  or  months  to  complete:  according  to 
EiCHHORST  the  fibres  of  the  central  end  reach  the  cicatrix  about  the  end 
of  the  first  month,  and  in  some  three  months  the  reunion  is  established. 

It  appears  from  the  foregoing  that  the  peripheral  end  does  not  itself 
regenerate,  but  is  provided  with  nerve-fibres  from  the  central  end. 
Vanlair  describes  the  process  as  neurotization.  It  probably  takes 
place  in  all  cases  of  regeneration  after  severance,  both  when  the  nerve  is 
actually  cut  through  and  when  only  the  nerve-fibres  and  not  the  fibrous 
structures  are  interrupted.  The  difference  is  that  in  the  former  case 
the  new  fibres  must  grow  through  a  certain  amount  of  cicatricial  tissue, 
while  in  the  latter  there  is  little  or  no  granulation,  and  the  axis-cylinders 
as  they  lengthen  can  directly  enter  the  old  fibres.  Some  authorities 
(Gluck,  Wolberg,  Langenfeldt)  state  definitely  that  under  favorable 
conditions  very  rapid  union  of  the  severed  ends  is  possible,  the  function 
of  the  nerve  being  recovered  in  a  very  few  days. 

Even  when  the  peripheral  is  so  remote  from  the  central  end  that 
direct  union  by  nerve-tissue  is  out  of  the  question,  some  attempt  is  still 
made  at  regeneration.  The  central  end  grows  out  (Fig.  286),  but  the 
axis-cylinders  do  not  reach  the  peripheral  end,  and  lose  themselves  in 
the  cicatrix. 

The  so-called  amputational  neuromata  (Art.  154)  are  of  this 
nature;  they  are  club-shaped  enlargements  of  the  severed  nerve-ends 
occasionally  met  with  in  stumps  which  have  healed  after  amputation. 
As  they  contain  new  nerve-fibres  as  well  as  connective-tissue  they  are 
'doubtless  due  to  an  abortive  attempt  at  regeneration  in  the  nerve-stumps: 
when  they  include  sensory  fibres  which  are  compressed  or  irritated  by 
the  cicatrix""  they  are  the  source  of  very  considerable  pain.  Similar 
traumatic  neuromata  now  and  then  occur  in  the  course  of  nerves  which 
have  been  injured  but  not  severed. 
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The  statements  of  authors  concerning  the  new-formation  of  the  axis-cylinder 
in  divided  nerves  are  very  discordant.  Waller,  Schiff,  Rindfleisch,  Cornil, 
Ranvier,  Eichhorst,  and  others  assert  that  it  is  due  to  longitudinal  subdivision 
and  growth  in  length  of  the  old  axis-cylinders.  Philippeau,  Vulpian,  Remak, 
Leegard,  Neumann,  Dobbert,  Daszkiewicz,  and  others  regard  the  new  cylinder 
as  derived  from  the  peripheral  end;  Leegard  believing  that  it  arises  from  the 
nuclei  of  the  neurilemma,  Remak  from  the  uninjured  and  surviving  cylinders, 
Daszkiewicz  from  the  surviving  segments  of  the  old  and  partially  degenerate 
cylinders,  Neumann  and  Dobbert  from  a  protoplasmic  mass  produced  by  a  chem- 
ical transformation  of  the  medullary  sheath  and  axis-cylinder.  Nasse,  Gunther, 
SCHON  and  STEiNRiJCK  assert  that  the  new  cylinders  grow  from  the  old  fibres  of 
both  ends:  Leut,  Einsiedel,  Weir-Mitchell,  Bsnecke,  and  Gluck.  from  tlie 
primitive  sheaths  of  both  ends;  Laveran  and  Herz  i-efer  their  origia  to  the  wliite 
blood-cells,  Hjelt  and  Wolberq  to  the  cells  of  the  perineurium. 

As  the  text  shows  we  incline  to  the  view  of  those  who  derive  the  new  nerve- 
fibres  from  the  old  nerves  of  the  central  end.  The  subdivision  of  the  axis-cylin- 
der  is  the  essential  part  of  the  process,  though  it  is  perhaps  not  impossible  tliat  a 
new-formation  of  nerve-fibres  may  start  from  the  cells  or  nerve-corpuscles 
or  nuclei  on  the  sides  of  the  sheaths  of  Schwann.  At  any  rate  it  is  remark- 
able how  frequently  in  degenei-ating  nerves  we  find  these  cells  (Fig.  285  ddi) 
swollen  up  and  containing  several  nuclei:  sometimes  indeed  they  give  off 
processes  which  much  resemble  axis-cylinders  (^2).  Until  we  have  more  in- 
formation on  the  subject  however  it  is  more  probable  that  these  cells  form  merely 
the  sheaths  for  the  new  axis-cylinders.  Cattani  asserts  that  new  axis-cylinders 
are  formed  within  the  nucleated  protoplasmic  mass  which  he  has  observed  filling 
the  primitive  sheath  of  degenerating  nerves. 

The  hypothesis  that  nerve-fibres  may  grow  from  granulation-cells  or  from  the 
connective-tissue  cells  of  the  perineurium,  endoneurium,  or  epineurium,  is  con- 
trary to  all  histogenetic  analogy.  The  nerves  throughout  their  length  areori<^in- 
ally  outgrowths  from  the  central  nervous  system  (Balfour,  Hensen,  His,  Kol- 
LIKER,  etc.),  and  it  is  extremely  unlikely  that  in  later  life  they  can  "arise  from 
indifferent  connective-tissue  cells:  this  would  be  at  variance  with  all  our  experi- 
ence on  the  subject  of  the  regeneration  of  specific  tissues.  The  authors  who 
have  made  the  assertion  do  not  advance  any  convincing  arguments  in  its  favor. 

Those  who  believe  that  after  section  of  a  nerve  the  axis-cylinders  of  the 
peripheral  end  remain  intact  assume  that  the  ends  of  the  severed  cylinders  re- 
unite by  the  intercalation  of  a  new  piece  of  tissue.  Wolberg  describes  this  as 
taking  place  by  the  growth  of  strings  of  spindle-cells  from  the  epineurium.  When 
the  z'eunion  does  not  take  place  till  the  medullary  sheath  disintegrates  he  speaks 
of  the  process  as  regeneration  in  the  strict  sense  of  the  term.  If  reunion  takes 
place  before  the  sheath  disappears  he  speaks  of  it  as  union  by  first  intention,  and 
distinguishes  a  mediate  and  an  immediate  variety.  In  the  former  the  union  is 
bi'ought  about  by  means  of  new-formed  intercalary  fibres,  in  the  latter  by  direct 
adhesion  of  the  severed  ends  of  the  cylinders  and  primitive  sheaths.  The  exist- 
ence of  the  mediate  variety  ho  claims  to  have  experimentally  proved.  Such  a 
union  by  first  intention  is  very  doubtful:  Gluck's  and  Wolberg'S  experiments 
do  not  appear  to  prove  it,  and  it  is  probable  that  naistakes  have  arisen  from  the 
rapid  restoration  of  function  that  sometimes  takes  place  by  means  of  abnormal 
nervous  anastomoses  and  supplementary  fibres.  The  secondary  or  mediate  union 
by  means  of  intercalary  fibres  appears  impossible,  the  cylinders  of  the  peripheral 
end  being  already  degenerate:  and  for  the  same  reason  the  statements  of  Gluck 
and  others  that  a  piece  of  nerve  cut  from  one  animal  may  become  united  to  the 
two  ends  of  a  severed  nerve  in  another  must  be  regarded  as  resting  on  error. 


CHAPTER  OIL 

INFLAMMATION  OF  PERIPHERAL  NERVES  AND  GANGLIA. 

669.  Neuritis,  or  the  inflammation  of  nerves,  is  characterized  ana- 
tomically by  the  presence  of  an  exudation  in  their  fibrous  framework. 
If  the  exudation  is  chiefly  liquid  and  the  blood-vessels  are  still  filled,  the 
inflamed  nerve  looks  red,  and  swollen,  and  abnormally  moist:  if  the 
exudation  is  cellular  (Fig.  287)  and  the  hypergemia  has  disappeared  there 
are  no  apparent  signs  of  the  affection,  though  any  haemorrhage  that  has 
taken  place  may  be  indicated  by  reddish  or  brownish-yellow  discolora- 
tion. 

In  simple  nerves  the  migrated  leucocytes  lie  chiefly  in  the  thicker 
trabeculae  of  the  endoneurium  (Fig.  287  d)  through  which  the  vessels 


Fig.  287.    Chronic  neuritis, 

{Sardened  in  Mailer's  fluid  and  alcohol^  stained  with  haematoxylin  and  carmine,  and  mounted  in 

Canada  balsam:  x  150.) 


a,  normal  thick  nerve-flbre 
6,  normal  fine  nerve-fibre 

c,  endoneurium 

d,  blood-vessel,  and  trabeculse  of  endoneurium 

infiltrated  with  leucocytes 


e,  leucocytes  between  the  nerve-fibres 
/,  thickened  endoneurium  with  small  spaces  de- 
void of  nerve-fibres  and  a  few  thin  fibres 
still  persisting. 
g,  longitudinal  section  of  a  blood-vessel 


run,  though  they  may  also  pass  in  between  the  individual  nerve-fibres 
[ce). 

In  compound  nerves  (Fig.  288)  the  exudation  frequently  lies  almost 
entirely  in  the  epineurium.  The  perineurium  of  the  bundles  and  of  the 
nerve  generally  is  usually  much  less  densely  infiltrated. 

Slight  inflammations  resolve  without  leaving  any  trace:  severer 
attacks  result  in  degeneration  of  some  of  the  nerve-fibres.     If  the  in- 
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nammation  is  suppurative  or  gangrenous  the  nerve  rapidly  breaks  down 
and  perishes,  becoming  of  a  dirty  yellowish-white,  gray,«or  grayish-green. 
The  connective-tissue  elements  are  however  less  vulnerable  and  long 
resist  dissolution. 

If  the  affection  is  chronic,  degeneration  of  the  nerve-fibres  ultimately 
sets  in,  with  the  breaking  up  of  some  of  the  medullary  sheaths.  The 
axis-cylinders  persist  for  a  long  time,  though  they  too  at  length  perish; 
and  thus  a  certain  number  of  the  fibres  disappear  outright,  the  sheaths 
of  Schwann  collapsing  (/).  Wherever  an  axis-cylinder  decays  degen- 
eration takes  place  all  down  the  peripheral  portion  of  that  fibre  (Art. 
667).  As  the  medullary  sheaths  break  down  the  tissue  of  the  nerve  is 
beset  with  drops  of  myeline  and  granule-carrying  cells. 

In  process  of  time  the  chronic  inflammation  leads  to  thickening  and 
condensation  of  the  connective  tissue,  and  this  with  the  atrophy  of  the 
nerve-elements  gives  the  nerve  by  degrees  the  appearance  of  a  fibrous 
cord.  Whether  the  nerve  as  a  whole  is  thicker  or  thinner  than  in  health 
depends  on  the  proportion  between  the  fibrous  hyperplasia  and  the  ner- 
vous atrophy.  Both  in  simple  and  in  compound  nerves  the  inflammation 
may  and  som.etimes  does  extend  over  the  whole  cross-section.  In  com- 
pound nerves  the  separation  of  the  bundles  becomes  less  distinct,  though 
it  is  not  obliterated  even  when  the  atrophy  and  fibrous  changes  are  very , 
advanced.  When  the  process  has  been  accompanied  by  hemorrhage  the 
altered  tissue  is  frequently  pigmented. 

Chronic  neuritis  accompanied  by  great  fibrous  hyperplasia  has  been 
called  by  Virchow  proliferous  neuritis :  if  it  extends  upwards  or 
downwards  we  speak  of  it  as  ascending  or  descending  neuritis  respec- 
tively. 

One  of  the  commonest  causes  of  neuritis  is  mechanical  injury  (cut- 
ting, bruising,  etc.)  by  a  wound  or  blow:  the  inflammation  results  in 
fibrous  hyperplasia,  but  if  it  becomes  septic  suppuration  or  gangrene 
may  set  in. 

Moreover  the  inflammatory  process  sometimes  extends  to  a  nerve  from 
the  adjacent  tissues;  thus  nerves  running  through  a  wound  may  undergo 
granulation  or  even  suppuration  without  having  received  any  direct 
injury,  and  the  like  extension  takes  place  in  the  case  of  other  inflamma- 
tions. 

For  example,  it  is  extremely  common  for  cerebrospinal  nerves  tra- 
versing an  inflamed  meninges  to  be  themselves  invaded  by  the  inflam- 
matory infiltration.  And  infiammations  of  the  bones  lead  to  indirect 
degeneration  by  compression  or  to  direct  inflammation  of  the  nerves  that 
traverse  them.  This  also  happens  to  nerves  lying  in  the  neighborhood 
of  chronically  inflamed  or  tuberculous  lymphatic  glands.  It  is  not  un- 
common for  instance  for  caseous  glands  in  the  neck,  beside  the  trachea, 
or  at  the  root  of  the  lung,  to  press  upon  contiguous  nerves,  like  the 
vagus  and  its  branches,  to  irritate  them  into  inflammation,  and  so  to 
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bring  about  their  degeneration.  In  the  pelvis  inflammations  of  the 
bladder  or  of  the  internal  generative  organs  are  apt  to  extend  to  the 
cellular  connective  tissue  and  so  to  the  rich  nerve-plexuses  of  that 
region. 

These  forms  of  neuritis  are  consecutive  or  secondary,  but  other  forms 
occur  in  which  the  irritant  inducing  the  inflammation  is  brought  to  the 
nerve  directly  by  way  of  the  blood  or  lymph.  These  irritants  are  so  far 
as  wo  know  chiefly  of  an  infective  nature:  thus  in  typhus  (Bernhakdt) 
small-pox  (Joffkot),  typhoid  (Nothjstagel,  Leydek,  Eisejstlohe), 
and  diphtheria  (Oertel,  Charcot,  Buhl,  Dejerine)  we  meet  with 
simple  or  multiple  neuritis,  which  we  can  only  regard  as  direct  results  of 
the  general  infection. 

Recently  Baelz  and  Scheube  have  shown  that  the  epidemic  disease 
of  India  and  Japan  known  as  beriberi  or  kakke  is  characterized  by  the 
appearance  of  multiple  neuritis:  it  has  therefore  been  designated  (Baelz) 
as  panneuritis  epidemica. 

It  does  not  appear  that  there  is  any  affection  in  Europe  exactly  cor- 
responding to  the  Japanese  kahke,  but  a  form  of  multiple  neuritis 
(Leydeist)  has  more  than  once  been  described  under  the  names  of  poly- 
neuritis (Pierson)  and  neuritis  disseminata  (Roth).  Whether  this  has 
•any  analogy  to  the  infective  disease,  as  Pierson  suspects,  is  still  a  very 
open  question.  Cold  is  spoken  of  by  many  as  a  cause  of  multiple  neuri- 
tis, but  probably  in  most  cases  some  kind  of  infection  or  poison  is  at 
work.  Roth  has  shown  that  a  purulent  inflammation  (as  in  parotitis) 
which  involves  a  nerve-trunk  may  be  the  starting  point  of  multiple 
neuritis. 

Taberculous  and  syphilitic  inflammation  affect  chiefly  the  intra- 
cranial portions  of  cranial  nerves  and  the  spinal  nerve-roots  in  connection 
with  meningeal  tuberculosis  and  syphilis  respectively. 

Little  is  known  of  tuberculosis  or  syphilis  of  the  peripheral  nerves. 
Foci  of  some  size  are  most  frequently  observed  in  the  optic  nerve,  and 
give  rise  to  extensive  tuberculous  destruction.  Elsewhere  nerves  are 
seldom  involved  except  by  extension  of  tuberculous  inflammation  from 
diseased  glands. 

Leprous  inflammation  is  especially  apt  to  attack  the  nerves,  the 
disease  being  in  fact  chiefly  characterized  by  its  thus  involving  the 
peripheral  nervous  system:  a  particular  form  of  leprosy  is  distinguished 
as  lepra  nervorum  ancBsthetica,  or  lepra  mutilans  (Arts.  131,  206,  392, 
(!59,  and  Hogg  an.  Arch.  d.  physiol.  1882).  The  settlement  of  the 
lepra-bacilli  excites  an  intense  inflammation,  accompanied  by  cellular 
infiltration  and  followed  by  degeneration  of  the  nerve-fibres  and  hyper- 
plasia of  the  fibrous  tissue.  Fusiform  thickenings  and  tubsrosities  of 
considerable  firmness  and  size  are  thus  produced  in  the  course  of  the 
several  nerves.  The  diseased  tissue  contains  lepra-bacilli,  some  lying 
free  and  others  being  enclosed  in  cells. 


ESTFLAMMATION    OF    PEKIPHERAL   NERVES   AND    GANGLIA.  1047 

We  know  little   concerning  the  inflammations  of  tiie  ganglia : 

they  apparently  occur  under  the  same  conditions  as  those  of  the  nerves, 
and  like  them  they  are  characterized  by  cellular  infiltration,  fibrous 
hyperplasia,  and  degenerative  atrophy  of  the  nerve-elements. 

In  severe  cystitis  and  pyelonephritis  and  in  inflammation  of  the  internal  gen- 
erative organs  in  women  paralysis  of  the  lower  limbs  is  sometimes  a  symptom. 
Remak  {Med.  Central-Zeitung  1860)  and  Leyden  {Sammlung  klin.  Vortrdge  2, 
1870)  explain  this  as  due  to  a  progressive  or  wandering  neuritis,  which  has  been 
called  neuritis  disseminata  migrans  (Leyden).  The  experimental  researches 
of  Weir-Mitchell  (/?i/ttries  of  nerves  London  1872),  Tiesler  {Ueb.  Neuritis  In. 
Diss.  Konigsberg  1869),  Feinberg  (Berl.  klin,  Woch.  1871),  KLEMM(&e&.  neuritis 
migrans  In.  Diss.  Strasburg  1874),  Niedick  {Arch.  f.  exp.  Path.  vii.  1877),  Rosen- 
bach  {ibid.  VIII.),  and  Treub  {ibid.  X.)  fail  to  confirm  this  explanation.  It  is 
much  more  likely  that  in  the  affections  named  the  pelvic  plexuses  are  compressed 
or  directly  inflamed  by  extension  from  the  inflammation  of  the  cellular  connec- 
tive tissue  (pelvic  cellulitis).  See  discussion  by  Adams  and  others  {Lancet  2; 
1880). 

On  multiple  neuritis; — Dumenil,  Oaz.  hebdom.  1864,  1866;  Leyden,  Ueb.  Re. 
fiexldhmung,  Samml.  klin.  Vortrdge  2,  1870,  Charite-Annalen  v.,  Arch.  f.  Psych. 
VI.,  Zeitschr.  f.  klin.  Med.  i.  1880;  Caspari,  ibid,  v.;  Grainger  Stewart,  Edin. 
Med.  Journ.  1881;  Eichhorst,  Virch.  Arch.  vol.  69;  Joffroy,  Arch,  de  physiol, 
1879;  Eisenlohr,  D.  Arch.  f.  klin.  Med.  xxvl;  Marchand,  Virch.  Arch.  vol.  81; 
Erb,  Ziemssen's  Cyclop,  xiii. ;  Nothnagel,  Samml.  klin.  Vortrdge  103,  trans. 
New.  Syd.  Soc.  London  1877;  PiERSON,  Ueb.  Polyneuritis  acuta,  ibid.  229;  Gep- 
PERT,  Multiple  Neuritis,  Charite-Annalen  1883;  Strijmpell,  Arch.f.  Psych,  xiv. 
{Neurolog.  Centralb.  1884);  MiJLLER,  ibid. ;  Vierordt,  ibid.  ;  Roth,  Neuritis 
dissem.  acutissima,  Corresp.  f.  Schweizer  Aerzte  1883;  Dubois,  Multiple  Neuritis, 
ibid. ;  Baelz,  Kakke  oder  Beriberi  Yokohama  1882,  Zeitschr.  f.  klin.  Med.  iv. 
1882;  ScHEUBE,  Virch.  Arch.  vol.  95,  D.  Arch.  f.  klin.  Med.  xxxi.,  xxxii.,  Die 
japanische  Kakke  Leipzig  1882;  Hirsch,  Handb.  d.  hist.  geog.  Path.  (2d  edition), 
trans,  by  Creighton  (New  Syd.  Soc.)  ll.  London  1885  (beriberi,  with  full  refer- 
ences); Caspari,  Zeitschr.  f.  klin.  Med.  1883;  Dejerine,  Arch,  de  physiol.  1884; 
Webber,  Archives  of  medicine  1884;  Oppenheim,  D.  Arch.  f.  klin.  Med.  xxxvi. 
1885;  Buzzard,  Paralysis  from  peripheral  neuritis  London  1886. 

On  neuritis  in  infective  diseases: — Bernhardt,  Arch.  f.  Psych,  iv.;  Jofproy, 
loc.  cit. ;  Nothnagel,  D.  Arch.  f.  klin.  Med.  ix.  (1872);  Eisenlohr,  Arch.  f. 
Psych.  VI.;  Cormack,  Clinical  Studies  London  1876;  Murchison,  Continue 
fevers  London  1884;  Charcot,  Diseases  of  the  nervous  system  ii.  London  1880; 
Bvui.,  Zeitschr.  f.  Biol,  iii.;  Oertel,  D.  Arch.  f.  klin.  Med.  viii.;  Dejerine, 
Arch.  d.  physiol.  v.  1878;  Buzzard,  Lancet  1,  1879,  and  op.  cit;  Pitres  and 
Vaillard,  Bev.  de  medecine  18S5;  Ross,  Diseases  of  the  nervous  system  ii.  Lon- 
don 1883  (with  many  references);  P.  Kidd,  Med.  chir.  Trans.  Lxvi.  1883  (diphthe- 
rial paralysis). 

On  neuritis  in  herpes  zoster  see  Art.  383;  Dubler,  Neuritis  bei  Herpes  zoster 
In.  Diss.  Basle  1884. 


CHAPTER    CHI. 

TUMORS. 

670.  Most  of  the  tnmors  which  occur  in  the  nerves  and  their  gang- 
lia are  developed  from  connective  tissue,  and  consist  essentially  of  some 
modification  of  that  tissue,  the  nerve-elements  forming  little  or  no  part 
of  their  structure. 

The  fibrous  hyperplasia  usually  starts  from  the  perineurium  of  the 
nerves  or  nerve-bundles,  but  occasionally  from  the  epineurium  or  endo- 


FiG.  288.    Multiple  pibrosia  op  a  nerve  op  the  sciatic  plexus. 

(Hardened  in  MuUer' s  fluid,  stained  with  carmine,  and  mounted  in  Canada  balsam:    x  10.) 

a;  general  perineiiriuin  e,    more  advanced  fibroma  within  a  nerve-bundle 


b,  epineurium  containing  numerous  fat-cells 

c,  nerve-bundle  enclosed   in  a  special  peri- 

neurium 

d,  commenciag  fibroma  in  the  endoneurram 


containing  atrophied  fibres 
/,    large  fibroma-nodule  xvithin  a  bundle  whose 
perineurium  is  thickened 


neurium  (Fig.  288  d  ef).  The  nerves  are  embedded  or  pervaded  by  the 
new  tissue,  according  to  its  starting-point,  and  by  gradual  compression 
become  atrophied   and  break  down.     If  there   is  any   accompanying 
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nervous  hyperplasia  it  probably  takes  place  by  the  longitudinal  subdi- 
vision and  growth  of  pre-existing  fibres:  the  new-formed  fibres  are  at 
first  naked,  but  some  of  them  receive  a  medullary  sheath  in  course  of 
time. 

The  commonest  neoplasm  affecting  the  nerves  is  fibroma  (Fig.  288) : 
there  are  two  forms — the  soft  and  cellular,  and  the  firm  and  fibrous. 
Tumors  really  deserving  the  name  of  neuroma,  i.  e.  consisting  essen- 
tially of  new-formed  nerve-fibres,  are  rare;  and  still  rarer,  if  they  exist 
at  all,  are  tumors  containing  new-formed  ganglion-cells,  though  these 
are  described  under  the  name  of  cellular  or  ganglionic  neuroma. 

Fibromata  incorrectly  described  as  neuromata  are  solitary  or  multi- 
ple, and  in  the  latter  case  are  congenital  or  at  least  appear  soon  after 
birth.  Obviously  the  foundation  of  these  structures  is  laid  during  fcBtal 
life;  sometimes  their  heredity  can  be  demonstrated.  They  occur  in 
nerve-trunks  and  on  their  finest  twigs  and  branches,  forming  fusiform, 
nodular,  or  very  elongated  thickenings  of  the  nerve  or  nerves.  Some- 
times a  nerve  is  found  thickened  over  its  whole  extent,  with  perhaps 
occasional  fusiform  swellings. 

The  spinal  nerves  are  the  most  frequent  seat  of  these  growths,  though 
they  also  occur  on  the  cranial  nerves.  Sometimes  all  the  nerves  are 
simultaneously  affected,  even  the  finest  branches  showing  thickenings 
and  knotty  swellings.  Thus  all  the  branches  of  the  vagus  in  the  lungs 
and  stomach,  or  those  of  the  sympathetic  in  the  liver,  have  been 
described  as  covered  with  fibromata,  bub  these  cases  are  very  rare.  Not 
infrequently  however  we  find  the  smaller  cutaneous  nerves  beset  with 
small  round  or  flat  usually  soft  tumors,  some  being  buried  in  the  skin, 
others  protruding.  These  growths  are  known  as  fibroma  molluscum 
(von  Recklinghauseij,  Art.  399).  The  cutaneous  nodules  are  often 
in  great  numbers  and  extend  over  the  territory  of  a  particular  nerve  or 
over  the  whole  body;  they  are  sometimes  accompanied  by  neurofibromata 
of  the  internal  organs.  Sometimes  too  between  the  nodules  extensive 
hyperplasia  of  the  subcutaneous  and  cutaneous  fibrous  tissue  takes  place, 
and  large  soft  masses  and  folds  are  thus  produced  and  known  as  pachy- 
dermatocele, elephantiastic  molluscum,  elephantiasis  mollis  or  neuroma- 
tous elephantiasis  (Art.  399).  The  smallest  growths  may  only  be  visible 
with  a  lens,  the  largest  are  sometimes  the  size  of  a  kidney  or  larger. 

The  fusiform  or  nodose  thickening  of  a  nerve  is  often  due  to  a  single 
tumor;  but  a  nerve-trunk  sometimes  includes  several  nodules  in  its  cross- 
section,  some  lying  in  all  or  most  of  its  bundles  (Fig.  288).  A  central 
node  will  give  rise  to  a  fibrous  tumor  surrounded  by  nerve-bundles  and 
a  perineurium:  when  the  fibroma  starts  in  one  of  the  outside  bundles  it 
at  length  appears  as  if  seated  on  the  nerve-trunk. 

At  times  most  of  the  nodes  are  confined  to  a  single  nerve.  Other 
nodes,  and  these  occasionally  very  large,  consist  of  a  plexus  of  many 
nerves  united  into  a  mass  by  hyperplastic  fibrous  tissue.  The  nerves  are  all 
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thickened,  nodular,  fusiform,  convoluted,  twisted,  or  otherwise  distorted 
(Fig.  289),  so  that  a  coil  of  ravelled  and  varicose  cords  is  formed,  the 
whole  being  held  together  by  iibrous  tissue.  Such  a  growth  is  described 
as  a  plexiform  neurofibroma.  According  to  P.  Bruns  the  cords  con- 
tain numerous  nerve-fibres^  and  it  is  therefore  probable  that  new-formed 
nerve-fibres  as  well  as  fibrous  tissue  take  part  in  its  construction. 

Of  the  other  connective-tissue  growths  sarcoma,  myxoma,  and  lipoma 
occur  in  connection  with  the  nerves.  The  external  forms  they  assume 
are  similar  to  those  of  fibroma,  but  they  are  never  multiple. 


Fig.  289.    Plexiform  neurofibroma  of  the  sacrum. 

{Natural  size:  from  a  drawing  by  P.  BRUNS.) 

a,  convoluted  strands  laid  bare  by  dissection 
fe,   as  they  appear  covered  with  fibrous  tissue 


On  neurofibroma: — Virchow,  Krankhafte  Geschwulste  in.  ^1863);  Hitchcock, 
Amer.  Journ.  med.  sci.  1863;  Czerny,  Arch.  f.  klin.  Chir.  xvii.  1874;  P.  Bruns, 
Virch.  Arch.  vol.  50;  vox  Recklinghausen,  Ueh.  mult.  Fibrome  d.  Haut  Berlin 
1883;  KOBNER,  Virch.  Arch.  vol.  93;  Lahmann,  ibid.  vol.  101;  Nicaise,  Internat. 
ency.  of  surgery  iii.  London  1883;  Prddden,  Amer.  Journ.  med,  sci.  1880  (with 
cases);  Courvoisier,  Die  Neurome  Basle  1886  (with  numerous  references);  Cha- 
VASSE,  Med.  chir.  Trans.  LXix.  18H6.  Tumors  (fibroma,  fibrosarcoma,  neurofibroma) 
occur  more  frequently  on  the  auditory  than  on  other  cranial  nerves;  see  VlR- 
choWj  {op.  cit.),  and  Axel  Key  (Sarskildt  af  Nordiskt  med.  Arkiv  xi.  1879). 
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668 
Eickler  304:  636 
Eichstedt  412 
Eickholt  650 
Eidam  189 
Eimer  55,  250 
Einsiedel  667,  668 
Eiselsberg  654 
Eisenlohr  643,  659,  667,  669 
Eisenmann  94 
Eld  ridge  577 
Eliaschoff  535 
Elsasser  453 
Emmerich  603 
Emmert  94 
Emminghaus  656 
Engelken  659 
Engelinann  190:  667 
Engelstedt  661 
Eppinger  63,   161,   204:   307, 

569.  570,  573,  573,  574,  575, 

594,  604,  622,  663 
Erb  260:  638,    637,  632,    644, 

647,  64S,  659,  663,  667,  669 
Erler65l 
Erman  490 
Esoff  897 
Etard  191 


99,  153, 
328,  332, 
587,  602, 

552,  555, 


:  643 
638,  667, 


490:  522, 
576,  577, 

645,  646, 


Etter  659 

Eulenburg  397 

Eulenberg  648,  667 

Eve  441:  551,  556 

Ewald  878.  453:  526,  539,  639 

Ewart  184,  186.  189,  204,  207 

Ewetzky,  87,  108,  163 

Exner  625 

Fagge   (Hilton),  62:  377,  309,    399,  400: 

550,  623  a 
Falkenlieim  667 
Falkson  663 
Farre  552 

Fauconneau-Defresne  514 
Fauvel  575 
Fehleisen  204:  375 
Fehr  537 
Feinbeig  669 
Feld  596 

Feltz  125,  204:  479 
Fenley  619 
Fenwick  453,  460 
Ferber  663 
Fere  625 
Ferrein  511 

Ferrier  625,  626,  627,  641,  646,  647 
Feuerstak  584 
Feuerstack  26] :  596 
Feustel  592 
Fick  630 
Fiedler  503:  640 
Fdehne  263,  457:  598,  645 
Fischer  18:  633,  640,  645,  653,  667 
Fischel  206:  320:  589,  542 
Fitz2]l,  219:  582 
Flechsig  635,    636,    627,    630,  638,    646, 

647,  648,  657 
Fleischer  260:  565 
Fleischmann,  377,  439,  632 
Fiesch  633,  634 
Fleming  133 
Flemming  46,  74,  75,  84 
Flourens  625 
Flournoy  266 
Foa  255,  261.  318,  498 
Fokker  209 

Forel  635,  637,  641,  659 
Formad  304 
Forster  1,  4,  5,  7,  10,  13:  371,  404:  539, 

544,  604,   607,  619,  633,  633,  635,  630, 

632 
Fournier  648,  661 
Fox  (Wilson)  125.  178:  460 
Fox  (Tilbury)  385,  403 
Fraenkel  135:  490,  515:  533,  535,  567 
Fraentzel  613 
Fi'ankenhauser  261:  579 
Franks  567 
Frerichs  490,  495,  498,  500,  504,  510,  515- 

535,  539,  551 
Freund  500:  623  a 
Frey  596.  601 
Fried  berg  18 
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Friedlander  204,  206:  29."),  309,  391,  892, 

474,  479:  539,  540,  542,  544,  584,  596, 

601,  C02.  6:18,  667 
Friedleben  623  h 
Friedman  n  6:)9.  600 
Friedreich,  IS.  58.  59,  61,  221:  320,  492, 

513,  515:  530,  620,  621,  637,  647,  648, 

650 
Frisch  199 
Fritscli  625 
Frobenius  602 
Froisier  630 

Frommann  647,  648,  650 
Fronista  174 
Fronmliller  645 
Fuhr  623  a 

Fiirbringer  221:  516.  534,  542,  620 
Furst  3:  575.  577.  585 
Furstner  625,  633,  637,  641 

Gaffky  189,  204,  205,  206,  209,  211:  474 

Galabin  539 

Galen  93 

Galton  625 

Garagee  35.  54,  68:  258,  259 

Ganguillet  662,  663 

Gannet  135 

Ganser  641 

Garrod  2r)9:  526,  531 

Gartner  190 

Gaucher  534,  542 

Gaudaid  659 

Gaule  120 

Gaultier  550 

Gautier  191 

Geber  377.  380,  397 

Geddes  207 

Gee  120:  327 

Gegenbaur  623  6 

Gelrao  633 

Georjevic  315 

Geppert  669 

Gerhard  t  327,  397,  460:  574,  576,   578, 

589,  591,  607,  662 
Gerlach  5,  17,  127:  626,  639 
Gessler  667 
Germont  523 
Geuzmer  621 
de  Giacomi  613 
Giacomini  625 
Gibbes  127,  206:  613 
Gibler  384 
Gierke  434:  627,  639 
Gies  437 
Gilbert  66/ 
Giovanni  292,  299 
Gjorgewic  152 
Glaser  612,  663 
Glax  97 
Glozier  233 
Gluck,  667,  668 
Gluge  112:  658 
Go^i  625,  628,  639,  663 
GoU  626 


Goltz  625 

Goiubew  86 

Gombault  498:  526,  623,  626,  647,  661, 

667 
Goodhart  303,  490:  565,  607 
Goodsir  87,  94,  174 
Gordon  178 
Gore  621 
Gosselin  438 
Gottstein  567 
Gowers  260,  295,  328:  625,  641,  648,  650, 

659,  661 
Grancher  118:  583 
Grandidier  607 
Gras-i  231 
Graves  572 
Grawitz  11,  214,  219,  222,  223,  234:  279, 

436:  522,  528.  539.  556 
Greenfield   130,204,  208:  271:  530,  539, 

540,  550.  661 
Greenhow  565,  600 
Greenish  556 
Greifl  651,  656,  661 
Griesinger  231,  239:  502:  663 
Griffine  84 
Griffiiii   622 
Oriinm  637 
Grohe219,  223 
Gros  (Leon)  661 
Gross  358 

Gruber  10,  11,  75:  517,  577 
Gruby  411 
Grundler  623  a 
Gubler  500 

Gudden  522,  625,  627,  633,  641,  646 
Guillebeau  37:  324:  526,  528 
Guillemard  239 
Guillot  621 

Gull  63:  279:  526,  539,  623  a,  637,  654 
Gliasburg  460 
Gunz  631 

Giinther  127:  602,  668 
Gurlt  1,  5 

Gussenbauer  67,  174:  513:  563 
Gus?erow  552 
Gutknecht  621 
Guttmann  613 

Haab  204:  564,  625,  641 

Haberkorn  185 

Habershon  498 

Hadden  625,  628 

Hadlich  633,  638 

Haeckel  348:  637 

Hahn  623  6,  625 

Haffter  178 

Haight  371,  383 

Halford  262 

Hall  391:  635 

Haller  3,  94 

Hallier  185,  186,  218 

Hallopeau  637 

Hallwachs  115 

Hamilton  27,  96,  108,  120:  355,  259,  266, 
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324,  498:  528,  579,  582,  589,  596,  606, 

618,  625,  647,  659 
Hamlet  190 
Hammericb  439 
Hammond  659 
Han  el  631 
Hanot  498 
Hardy  397 
Hare"517 
Harley  623  a 
V.  Harlingen  367 
Harms  127 
Harris,  600.  631,  637 
Harrison  561 
Hart  258 
Hart(ieg:en  650 
Hartig  220 
Harting  619 
Hartmann  567,  656 
Harvouet  634 
Hasse  180:  658 
Haiiff  574 
Hauser  460 
Haward  622 
Hayem  35:  252,  260,  261,  498:  646,  654, 

658.  659,  667 
Heath  622 
Hebra  152:  359,  364,  377,  388,  392,  397, 

401,  406,  412:  567 
Hecker  565,  007,  621 
Hedenius  623  h 
Hegar  115 

Heidenhain  108,  115:  520,  523 
Heiiuer  620 
Hein  240 
Heinemann  495 
Heine  94 
Heineke  631 
Heinze  572,  573 
Heitler  604 
Heitsch  602 
Heller  226,  229,  233,  243:  315,  396:  518, 

531.  552,  582,  592,  662,  663 
Henle  94:  625,  639 
Heniiing  62 
Henoch  631 
Hensen  668 
Heppel  61 
Hering  27,  97,  120 
Hermann  52:  525,  625,  627 
Hertvvig  89:  348 
Hertz  517,  551,  587,  591,  594 
Herz  667,  668 

Heschl  59,  178:  305,  491:  604,  623 
Hess  63  ^  640 
Hesse  600,  619,  630 
Heubner  130:  295,  435,  444:  628,  661 
Heusinger  8 
Hewett  631 
Heydenreich207:  630 
Hickraann  11 
Hildebrand  5o2,  621 
Hill  31:  625,  627 
Hilier  191,  197,  201,  223,  236,  233:  607, 

613 


Hillis  392 

Hilton  632 

Hindenlang  268,  334 

Hink  135:  618 

Hintzen  500 

Hippocrates  433 

Hirsch  125,  146:  434,  495:  623  a,  669 

Hirt  600 

His  623  6,  668 

Hitchcock  670 

Hitzig  6-25 

Hjelt  514:  667,  668 

Hiava  490:  595 

Hobson  261 

Hodgkin  328,  344 

Hoffa  526 

Hoffman  F.  A.  94,  96 

Hoffmann  492:  518,  531,  550,  663 

Hofmeier  539 

Hoggan  667,  669 

HoUis  639 

Holmes  308.  633 

Hoist i  526,  539 

Homen  626.  646 

Hopmann  568 

Hoppe-Seyler  52,  96,  191:  258,  259,  363, 

509 
Horsley  623  a,  667 
Hoitoles  523,  539,  540 
Horwath  190 
Hosch  625.  641 
Houston  13 
Howits  607 

Huber  153,  162,  206,  247:  550,  556,  565 
Hubner  277,  295 
Hubl  358 
Hueter  11,  204 
Huguenin  613,  622,  625,  626,  631,  637, 

641,  652,  653,  654,  660,  664 
Hulke  437 
Humbert  343 
Humphreys  650,  659 
Humphry  253,  437:  585,  632 
Hunter  94 

Huppert  533,  567,  630,  633,  640 
Hutchinson  400,  403,  441 
Hutinel  607 

Immermann  38 

Inglessis  535 

V.  Ins  334:  600 

Isartier  b46 

Israel  134,  135:  279,  293,  399,  436:  522, 

538,  539,  543.  618 
Iwanowsky  377 

Jaccoud  292 

Jackaon  (Hughlings)  295:  635 

Jacobi  530.  534,  542 

Jacobson  266 

Jaderholm,  633,  647 

Jahn  292:  576,  688 

V.  Jaksch  661 

Janiie.son  376 

Jarisch  392 
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Jastrowitz  635,  638,  639 
Jehn  28:  589 
Jendrassik  651 
Jenner  594 
Jensen  3:  633 
Jeffrey  573,  669 
Jo  line  85:  612 

Johnson  279:  523,  526,  536,  539 
Johnston  514 

Jolly  266:  630,  635,  645,  650,  658 
Joubert  188 
Julliard  10:  623  a,  661 
Junge  288 
Jiirj^ens  29 

Jiiigensen  265,  453:  542,  582,  602,  603, 
604,  605,  612,  637 

Kahler  625,  626,  633,  644,  646,  647,  648, 
650 

Kammerer  658 

Kannenberg  249:  543,  620 

Kaposi  153:  359,  364,  365,  366,  376,  377, 
378,  380,  383,  384,  392,  396,  397,  399, 
400,  402,  406,  407,  410,  411:  567 

Karl  Theodor  639,  659 

Kassowitz  87,  88 

Kaufmann  319:  621,  623 

Keating  204 

Keber  204 

Kekule  58 

Kellermann  641 

Kelsch  262,  334,  502:  539,  540 

Ker  479 

Kern  186 

Kessler  18 

Kesteven  637 

Key  (Axel)  79,  99:  460:  533,  628,  645, 
666,  670 

Kidd  (Percy)  613,  669 

Kiener  125:  296,  503 

Kiessling  249 

Kirchhoff  630 

Kirkes  528 

Kirmisson  561 

Kitt  221 

Klebs  84,  117,  125,  127,  128,  145,  161, 
174,  178,  183,  184,  185,  186,  188,  201, 
304,  206,  209,  226,  247,  250:  380,  363, 
281,  308,  314.  315.  343,  391,  400,  437, 
440,  448,  460,  490,  495,  504,  513,  514, 
515:  517,  518,  534,  539,  540,  543,  550, 
554,  556,  561,  565,  603,  613,  633  a, 
630,  633,  634,  643,  656,  658,  662,  663, 
665 

Klein  63,  74,  76,  86,  119,  120,  125,  186, 
206,  309,  211:  318,  330,  474:  540,  542, 
584,  603,  613,  626,  638,  639 

Klemensiewicz  97 

Klemtn  669 

Klenke  440 

Klob  515 

Knauff  600 

Knauthe  594 

Knoll  533 

Kolner  131:  670 
23 


184, 
199, 
333, 

645 

,633, 


584, 


293, 


Koch  94,  117,  130,  135,  127,  183, 
185,  186,  188,  189,  190,  193,  196, 
201,  204,  206,  208,  209,  211,  219, 
350:  390,  473:  602,  606.  613,  633, 

Kocher  153,  171,  177,  204:  466:  556 
623,  623  a 

Kohlrausch  178 

Kohn  535 

Kohts  567,  568 

Kolaczek  161 

Kolessnikow  642,  659 

van  der  Kolk  636 

Koiliker  5.  7,  88,  115:  516,  579, 
633  &,  636,  639,  658,  668 

Koller  631 

Koiiig  11:  631 

Kopp  578,  607 

Koranyi  605 

Korn  318 

Korl;e  460 

Koster  119,  130,  143,  163,  171,  204: 
299,  316,  391:  612,  613 

Kostjurin  638,  641 

Kottniann  360 

Kowalewsky  516 

Krafft  303 

Krafft-Ebing  C45 

Krapelin  637,  656 

Kratter  633  a 

Kraus  647,  659 

Krause  564,  567 

Krauss471:  637 

Kraske  89 

Ki'emiansky  664 

Krieger  373 

Kronlein  11,  77 

Ktichenmeister  331,  236,  246:  575 

Ktihle  573 

Kiihn  556 

Kiihne58,  69:  639 

Kundrat  435,  470:  630 

Kunkel  67,  68,  69:  368,  317 

Kupffer5l6 

Kuss  107 

Kussmaul  306:  393,  453,  470:  550, 
635,  647,  667 

Kiissner  498 

Ktlttner  579,  584 

Kyber  58,  61,  63,  64:  336,  397 


Laache  358,  261 

Labbe  399 

Laborde  266 

Lachniann  663 

Laennec  118:  498:  604,  613 

Lahniann  670 

Lancereaux  130:  277,  295,  304,  500:  539, 

550,  623  h,  653,  661,  663,  664,  667 
Landau  458:  517 
Land  ere  r  454 
Landois  625,  627,  635,  667 
Landouzy  633 
Landsbei'ger  556 
Lang  376,  393 
Lange  659 


600. 
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V.  Langenbeck  295,  346,  435 

Langenfeldt  668 

Langer  364.  396 

Langhans  61.  67,  68,  83,  115.   119,  120: 

287,  299,  328,  329,  343,  344,  345,  399: 

533,  539,  540,  544,  556,  562,  578,  600, 

619,  637,  659 
Langley  626.  646 
Lankester  185 

Lassar  25.  96:  407:  534,  535,  589 
Laura  626,  627 

Laveran  206:  277:  657,  667,  668 
Laycock  67 

Lebedeff  9:  530,  534,  535,  630 
Leber  61,  219,  221:  440:  641 
Lebert  125.  173,  178-  490,  495:  582,  631, 

654,  662,  663,  664 
Lecorclie  539 
Leech  540 
Leegard  667,  668 
Lefferts  468,  575 
Leger  292 

Legg  (Wickham)  28:  490,  498 
Legros  399 

Leichtenstern  17:  258,  469,  479:  533,  543 
Leitz  415:  621 
Leloir  365,  397 
Lemcke  526 
Lenhosseck  633 
Leopold  140,  179 

Lepme  261,  314:  542,  604,  625,  647 
Leroy  582 

Lesser  262,  315,  383,  457:  530 
Letievant  667 

Letzerich  204:  474:  539,  542,  543 
Leube  191,  206:  260,  263,  453,  460,  470: 

531    532 
Leuckarr  225,   226,  228,  231.  233,  234, 

235,  245,  246,  247,  250 
Leut  668 
Levvaschew  299 
Lewin  53:  367:  574,  600 
Lewinski  315 
Lewis  222,  235,  250 
Lewitzky  490 
Leyden  262,  281,  284,  288,  490:  526,  539, 

542,  579,  603,  604,  612,  626.  630,  632, 

635.  637.  638,  641,  644,  645,  646,  647, 

648,  650,  659,  663,  669 
Liclitheim  25,  219,  221:  262:  530,  582, 

591,  594.  612,  613,  620,  659 
Lieberkuhn  250 
Lieberniann  231 
Liebermeister  482,  498 
Liebig  190 
Liman  531 

Limen  457        ■  j. 

Liouville  303 
Lippe  125 
Lippl  601,  613 
Lissauer  647 

Lister  94,  97,  185,  186,  194 
Litten  30,  37,  64:  261,  324,  484,  498:  523, 

526,  527,  528,  529,  532,  535,  537,  539, 

542,  543,  544,  576,  584,  588,  589 


Little  18 

Littre  465 

Lockwood  9 

Loffler  189,  301,  319:  618 

Lomer  564 

Long  331 

Longstreth  565 

Lor  en  z  371 

Losch  314,  515 

Lotzbeck  439 

Louis  572 

Lowe  628,  639 

Lowenberg  567 

Lowenfeld  636 

Lowenthal  646 

Lowne  1 

Lubbock  94 

Lubimoff  63,  120:  643,  656 

Lucae 161 

Lucas  18 

Luchsinger  530 

Liicke   136.  149,  171,  173,  178,  204:  515: 

621,  622,  623,  623  a 
Ludvvig  55 
Lukkomsky  204 
Luschka  5l6,  637,  664 
Liitkemuller  13 
Luton  621 
Luys  641,  656 
Lyon  259 

Maas  88,  140,  179,  180:   258,  437,    438: 

561,  654 
Macewen  88 
Mackenzie  (Hunter)  613 

Mackenzie  (Morell)  567.  568,  569,  573, 

573,  575,  576,  578 
Mackenzie  (Stephen)  361:  530 
McConnell331:495 
Madelung  631 
Maennel  631 
Magendie  366 
Magnan  650,  656 
Magi  tot  441 
Mahomed  539 
Maier   153,  156,  161,  163,  204:  261,  271. 

282,  292,  454,  455,  470:  647,  667 
Maizel  74 
Malassez  261 
Malinverni  630 
Manfredi  400 
Mangelsdorf  498 
Mansell-MouUin  266 
Manson  235:  315:  620 
Manz  656 
Maragliano  206 
IVI&roncci  625 
Marchand   5,  7,  153,  206:  262:  530,  534, 

535,  539,  556,  565,  604,  618,  635,  632, 

641,663,  669 
Marchiafava  206 
Marie  651,  659 
Markwald  542 
Martin  74,  125,  126:  296:  564,  567,  633 
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Martinache  623 

Martini  178 

Martinotti  646 

Masius261:530,  638 

Massei  572 

de  Massy  358 

Mathieu  568 

Mattel-stock  471 

Maurer  161 

Mauriac  437 

Mauthner  635.  641 

Mayer  223:  453:  588,  641,  646,  667 

Maylard  585 

Mayr  367 

Mayser  641 

Meckel  5,  8 

Megnin  231 

Meier  136 

Meiuel  600 

Menche  613 

Mendel  646,  656 

Mendelsohn  602 

Mendelson  525 

Merkel  600,  633,  639 

Meschede  633,  638,  656,  662,  663 

Meyer  288,  292,  297,  474:  054,  662 

Meynert  625.  627,  633,  639,  640,  656 

Michaelis  555 

V,  Michalovicz  625 

Michaud  644 

Michel  567 

Mierzejewsky  650,  656 

Miller  440 

Miquel  193 

Minkowski  647 

Mitchell-Bruce  17 

Mobius  638 

Moczutkovvsky  207 

Moeli  647 

Mogling  528 

Moinel  567 

Moleschott  35 

Mommsen  542 

V.  Monakow  627,  641,  667 

Monod  18,  149 

Montegazza  35 

Monti  570 

Moore  181:  402,  515:556 

Morgan  619 

Morin  247 

Morison  400 

Moritz  667 

Morris  552,  663 

Mosler  260,  262,  332,  827,  328:  550.  575 

Mosso  628,  635 

Mott  (Valentine)  399 

Moxon    165.  174:  277,  297,  490,  500:  550, 

635,  650.  661,  663 
Milgge  296:  613 
Muhr  631 
Miiller  127,  147,  165,  206,  226:  261,  272, 

460:  605,  613,  621,  633,  638,  645,  646, 

663,  669 
Munk  262.  490:  620,  635,  635 
Murchison  328,  343,  490,  495:  572,  669 


Muron  266 
Murri  530 

Nageli   186,  188,  190,  191,  193,  193,  301, 

204,  209,  211,  223 
Nasse  668 
Nassiloff  204 
Nathan  515 

Naunyn  246:  353,  490,  504,  638.  667 
Nauwerck   204:   281,  455:  534,  o35,  537 

539.   540,  542,  544,  606,  612,  614,  620, 

654,  659 
Nedopil  437 

Neelsen  63:  316,  358:  642,  C46 
Negell  550 
Neisser  117,  131,  204,  206,  348:  262:  530, 

564 
Nelaton  399 
Neligan  437 

V.  Nencki  183,  184,  191,  194,  197:  479 
Nepveu  204 
Neubauer  531,  533 
Neumann   8.  79.   85,  89,  161:  360,  397. 

317,  359,  363,  364,   376,  383,  397.  40B, 

409,  440:  556,  633,  659,  663,  667,  668 
Neupauer  631 
Neureutter  633,  650 
Newman  517,  523 
Nicaise  667,  670 
Nicati  498 
Nieden  152:  315 
Niedick  669 
Niepce  621 
Nolen  605 
Noman  490 
Nonat  637 
V,  Noorden  523 
Normand  231 
Nothnagel  470,  479:  589,  604,  625,  635, 

669 

Obermeyer  207 

Obersteiner  625,  628,  635,  638,  640,  645 

Oellacher  5 

Oeller  288 

Oemler  201 

Cartel  204:  425:  543,  575,  669 

Oldhara  153 

Ollivier  526 

Oppenheim  648,  669 

Ord  531.  633  a 

Oordt  (Van)  138 

Ormerod  647,  648 

Orth  1,  8,  13,  69,  114,  135,  127,  204:  871, 

285,   293,  324.  334,  342,  482,  501:  570, 

587,  595,  605,  606,  613 
Osier  556,  630.  663 
Ossikovszky  490 
Otto  642,  650 
Overbeck  525 
Owen  233 

Pagenstecher  331:  316:  630,  635 

Paget  42,  71,  80,  86,  89,  94,  107,  136,  146, 
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147.  149,  165,  171,  173,   178,    181,  233: 

630.  633 
Pagliani  231 
Parikrilins  607 
Pan  sell  625 
Panum  3.  5,  7,  13,   178,   190,   197:  460: 

589,  630 
Papp  631 
Parker  619 
Parona  231 
Parrot  663 
Parsons  621 
Pasteur  183,  186,  188,  191,  301,  206,  209, 

223 
Paulizky  61 
Paulus  664 
Pautynski  520,  528 
Pawlinoff  607 
Payne  150:  504:  6-22 
Peacock  271,  272,  809:  579 
Pearson  600 

Penzoldt  260,  261,  453,  454:  565 
Pepper  514 
Perchappe  656 
Perewerseff  556 
Perl  517 
Perls  1,  3.  7,  9,  12,  13,  68,  85,  153,    154, 

156,    173.  174,  194.  199,  204,  226,  231, 

248:  316,  400,  504:  522,  523,  538,  589, 

619,  630 
Perroncito  226,  261 
Peters  63:  332 
Peterssen-Borstel  510 
Petrina  625,  663 
Petters  315 
Peyerani  667 
Pfeiffer  613 
Pfitzer  308 
Pfleger  633 
Pflug  135:  618 
Pliilippeau  667,  668 
Pierret  633,  640,  647,  648 
Pierson  625,  669 
Pick  625,   630,   633,  637,  644,  646,  647, 

648,  650 
Piuel  5»9 
Pinner  152: 622 
Pitres  525,  647,  669 
Platen  539 
Poels  605 
Poensgen  453 
Poland  133 
Pollack  650 
Pollard  650 
Pollender  206 
Ponfick  81.  114,  135:  260,  261,  262,  266, 

268,   302,  314,  322,  328,  349,  436:  530, 

534,  539.  542,  618 
Pop()ff498:  659 
Popow  641,  667 

Posner  498:  523,  533,  539,  563,  588 
Pospelow  153 
Poster  437 
Potain  343 
Pouchet  261 


Poulin  292 
Praniberger,  579 
Prazmowski  186,  188 
Prevost  647 
Proujeansky  247 
Prince  513 
Prior  473 
Priestly  74 
Proust  607,  659 
Pruddeu  670 
Puichaud  623 
Pullar  359:  659 
Purjesz  602 
Purlscher  641 
Putiata  346 
Putjatin  277 
PlUz  133:  433:  605,  618 
Pye-Smith  361 

Quain  53:  495 

Quincke  361,  368,  304,  315,  317,  350,  460, 

481 
Quinquaud  361 

Raab  255,  631 

Rabe  618 

Radciitfe  653 

Kalfe  531 

Ramdohr  607 

Ranke  633,  659 

Ranvier  52,  66.  76.  84,  89,  120,  128,  146, 
156:  258,  2t}l,  293.  328,  332,  425,  500: 
528,  539,  550,  551,  569,  572,  575,  596, 
607,  613,  623,  639,  663,  663,  667,  668 

Riphael  531 

Rattiff  350 

Rauber  5 

Rauchfuss  271:  569,  570,  578 

Rauschenbach  252 

Rayer  383:  517,  539,  550 

Raymond  613,  647 

Raynaud  204 

Reali  631 

Rebsamen  334 

V.  Recklinghausen  63,  99,  154,  205:  349, 
393,  397,  398,  399,  439,  453,  511,  514: 
595,  645,  650,  670 

Red  fern  87 

Reess  219:  233:  490 

Rehn  8:  458 

Reichel  13,  152 

Reid  18 

Reil  271 

Reinhardt  51:  619 

Reiiike  190 

Rei>inger  637,  662 

Reiss  490 

Remak  76.  174,  178;  667,  668 

Renaut662 

Rettelheim  654 

Retzius79:  628,  633,666 

Reubold  436,  439 

Reuss  96 

Reverdin  84:  623  a 

Reynolds  635 
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Rheiner  570 

Ribbert  520,  521,  522,  533,  539,  540,  542, 

61^,  630 
Richard  206 
Richaud  498 
Richet  625 
Rickards  536,  556 
Riedel  255:  628 
Riegel  577,  579,  594,  613 
Riehl  574 
Riess  204:  263 
Rindfleisch  42,  59,  66,  76,  81.  84,  85,  86, 

109,  114,  117,  119,  120,  125,  150,  165, 

173,  174,  204:  261,  296,  388,  5U2:  530, 

534,  539,  573,  582,  587,  613,  619,  632, 

647,  650,  660,  663,  664,  668 
V.  Rineckei'  661 
Ripping  637 
Rivolta  250 
Roberts  190,  194:  513:  517,  523,  530,  532, 

539,  552,  555,  561 
Roberts  J.  B.  555 

Robin  260:  556,  600,  628,  663,  664,  667 
Robinson  376:  523,  567,  641 
Roellinger  623 
Roger  659 
Rohon  633 
Rohrer  179:  556 
Rokitansky   58,    149:  271,  514:  539,  578, 

585,  604,  619,  621,  637,  650,  663,  664 
Roll  623  a 
Rollet  517 
Romelaere  591 
Rose  577,  622 

Rosenbach  194:  262,  284,  453:  669 
Rosenberger  115,  196,  211 
Rosenstein  £17,  526,  539,  550,  620 
Rosenthal  661 
Ross   383:   625,    626,  627,  628,  630,  631, 

641,  647,  669 
Rossbach  196:  579 
Roszahegyi  201 
Roth  9:  302,  304,  305,  464,  510:  574,  628, 

636,  638,  662,  669 
Rottenstein  440 
Rouis  495 
Roustan  125 
Rovida  533 
Roy  279,  318:  521 
Ruboni  513 
Rudneflf  58 
Riihle  612,  613 
Rumler  143 
Rumpf  639.  650 
Runeberg  520,  523 
Runge  605 
Ruppert  266:  600 
Riitinieyer  648 
Russell  361 
Rustizky  664 
Ryneck  97 

Sabourin498:  556 

Saccharjiu  007 

Sachs  212,  215,  218,  220,  233:  623 


Sahli  659 

Sakaky  648 

Salkowski   191,  197:  479,  490:  531,  532, 

579 
Salter  441 

Salvioli  260,  318,  498:  602,  639 
Samuel  80,  94,  95,  96,  97:  539 
Samuelsohn  641 
Sainuelson  277  • 

Sander  630,  633,  641 
Sanders  259 
Sanderson  ^Burdon)  94,  95,  99,  119,  120, 

225,  183,  186,  189:  328:  625,  653 
Sanquirico  623  a 
Sansom  282 
Santi  Sirena  667 
Sattler  163 

Saundby  533,  539,  565 
Savage  637 
Sawyer  517 
Saxinger  552 
Schachowa  535 
Schafer261 
Scliaffer  612 
Schatz  562 
Schech  574 
Schede  8, 180 
Scheiber  367 
Scherer  259 
Scheube  669 

Schiefferdecker  626.  638,  646 
Schiff  623  a,  667,  668 
Schklarewsky  27,  96 
Schlesinger  636,  637 
Schlossberger  531 

Schmidt  35:  252,  261,  485,  498:  600,  631 
Schinidlleia  550 
Scliniidt-Rimpler  641 
Schmiedeberg  191,  197 
Schniizler  607 
Schopfhagen  637,  639 
Schoii  668 
Schonlein  409 
Schott  654 
Sehotte  190 
Schottelius  570,  576,  577,  600,  601,  612, 

619 
Schreiner  260 
Schroeter  191 
Schroetter  575,  578 
Schroo  171 
Schuberg  479:  664 
Schuchardt  526 
Schuchart  591 
Schule  630,  650,  656 
Schilller  132 

V.  Schulthess-Rechberg  277 
Schultz  255,  256,  308 
Schultze  5:  252;  531,  626.  633,  637,  646, 

647,  648,  651,  656,  659,  662,  667 
Schultzen  490 
Schulz  52:  844,  358,  490:  647 
Schulze  54 
Schiippel   119.  120,    137:   342,  491,  500, 

504,  510,  512:  605,  637,  662,  664 
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Schiilte  491 

Schiitz  589,  607,  618 

Schutzenbeiger,  223 

Schwalbe  625,  626,  627,  628,  639 

Schwarck  470 

Schweigger  288 

Schweniuger  84,  125:  425:  601,  612 

Schwimmer  437 

Scoda  633' 

Scott  531 

Scriba  266 

Sedgwick  516 

See  (Germain)  613 

Seegen  612 

Seguin  625 

Seitz  472 

Seligsohn  600 

Selvili  656 

Semmer  196,  201.  204,  209 

Semmola  539 

Semper  516 

Senator  278:  523,  531,  539,  543 

Senftleben  108,  115:  255 

Senger602 

Senise  612 

Sermani  613 

Shepherd  606 

Shutlleworth  633 

V.  Siebold  225:  551 

Sigel  612 

Siemens  651 

Silbermann  605 

Simmerling  648 

Simon  94,  125,  174:  400:  551,  552,  578, 

633,  637,  656 
Simon  646 
Simons  498 
Simpson  14 
Singer  626 
Skwortzoff  625 
Siavjansky  26b:  600 
Smith  154:  523,  542,  556,  600,  636,  628, 

639 
Smith  (Everett)  648 
Socoloff  320:  579 
Sokolow  156 
Solly  647 

Soramerbrodt  574,  596 
Sonderegger  241 
Sonnenberg  13 
Sonsino  239 
Southey  550 

Soyka  154,  193:  266,  334,  600 
Spaet  663 
Spatz  272 
Spear  206 
Spengel  516 
Sperling  630,  664 
Spiegel  berg  458:  621 
Spilling  260 
Spring  631 
Stadelmann  647 
Stadfeldt  552 
Staudenmeyer,  623 
Staff  en  504,  631 


Stein  266:  562 

Steiner  471:  570,  633,  650 

Steinriick  668 

Steinthal  550,  561 

Sternberg  194,  204,  206:  564,  602 

Steudener  88,  156:  570,  578,  623  6,  659 

Steven  543 

Stewart  648,  656 

Stewart  (Grainger)  537,  539,  669 

St.  Hilaire  (Geoff roy)  3,  5,  7:  630,  631 

Stieda  250:  623  6.  639 

Stilling  94:  315:  619:  627 

StirUng  625,  627 

St.  Lager  623  a 

Stoffela,  647 

Stohr  442 

Storck  578 

Strasburger  74,  75,  76,  84 

Strauss  537 

Streckeisen  621 

Strelzoff  88 

Strieker  79,  86,  95,  99 

Stroganow  292,  380 

Stromeyer  621,  658 

Struck  208 

Striimpell  515:    637,  647,  648,  651,  653, 

659,  669 
Struthera  17 
Sturge  659 
Sturges  604 
Sturm,  556 
Suchard  205 
Surre  498 
Sussdorf  605 
Sutton  63:  279:  526,  539 
Szymanowski  631 

Talko  631 

Takacs  647 

Talma  292:  528 

Tappeiner  125:  262:  601,  602^ 

Taruffi  271 

Tautain  277 

Taylor  261,  457,490:  637 

Teppel  327 

Teuffel  498,  512 

Thierfelder  358,  490,  495,  498:  594 

Thiersch  109,  171,  181:  402 

Thin  367,  380,  392,  40O,  402,  407:  574 

Thoma  95,  96,  97,  131:    258,    261,  272, 

288,  392,  467:  522,  526,  539 
Thomas  206:    533,   534,   542,  603,   604, 

623  6 
Thomson  600 
Thomson  (Allen)  516 
Thorn  551 
Thorspecken  453 
Thudichum  568 
Tiegel  185 

V.  Tieghem  185,  186,  189 
Tiesler  669 
Tiffany  607 
Tigges  656 
Tillmanns  5,  11,  85,  108,  109,   115,  204: 

285:  667 
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Tills  85 

Tizzoni  204,  206:    261,  317,  492:    62S  a, 

607 
To  b  bold  572 
Toldt  665 

Tommasi-Crudeli  204,  206 
Toinvvaldt  567 
Tourneux  683 
Toussaint  201,  206 
Touton  371 
Toynbee  654 
Traube  101:  279,  495:  523,  526,  539,  591, 

596,  600,  601 
Travel's  86 
Trelat  18 

Trendelenburg  204 
Treub  669 
Treves  120:  342 
Tripier  625 
Trojauowsky  582 
Trompetter  293 
Tschirjew  659 
Trousseau  261,  328,  344.  572 
Tuczek  648,  656 
Ttingel  633 
Tiirck  569,  574,  576,  578,  626,  627,  646, 

647,  656 
Turner  17.  62:  277,  315,  633,  639,  659 
Tyndali  193 

Ungar  579 

Unna  128:  371,  385,  388,  404 

Unruh  542 

Urlichs  209 

Uskoff  440 

Uskow  277 

Utthoff  538 

Vacca  95 

Vacher  204 

Vaillard  346:  669 

Vallat  332 

Vallienne  11 

Vaisuani  11 

Vandyke  Carter  232 

Vanlair  261:  638,  667,  668 

Variot  437 

V.  Velden  657 

Veraguth  596,  601,  612 

Verneuil  13,  154:  403 

Verriers  605 

Veyssiere  625 

Vierling,  578,  607 

Vierordt  579,  633,  647,  669 

Villaret  600 

Villemin  125,  133:  594 

Virchow  5,  8,  13,  14,  30,  35,  48,  56,  58, 
61,  62,  68,  73,  76,  77,  78,  80,  81,  84, 
85.  87,  89,  90,  94,  114,  117,  118,  125, 
127,  138,  131,  136,  138.  145,  146,  147, 
149,  150.  433,  153,  154,  156,  165,  171, 
177,  179,  201,  231,  233,  247:  253,  360, 
273,  287,  399,  305,  314,  336,  328,  333, 
334,  343,  344,  392,  399,  400,  435,  437, 
438,  439,  441,  457,  460,  483,  495,  500, 


514:  530,  531,  539,  544,  550,  551,  552, 
556,  561,  505,  568,  570,  574.  577,  587, 
589,  600,  607.  619,  631,  623.  633.  623  a, 
633  h,  638,  631.  633,  633,  634,  636,  637, 
648,  650,  658,  660,  661,  663,  664,  669, 
670 

Vogel  94:  437:  531,  532 

Vogt  179,  633 

Voigt  10 

Voisin  561.  656 

Voit  53.  191,  201:  485.  490:  531 

Volkmanu  562,  567,  577 

Vrolik  1 

Vulpian  641,  647,  667,  668 

Wagner  56,  59,  62,  120,  128,  129,  206: 
316,  327,  358,  383,  435,  436,  470.  491, 
498,  500,  515:  526,  534.  539,  543,  570, 
596,  603,  604,  607,  619,  633  a,  633,  661 

Wasstaffe  533 

V.  Wahl  453:  612 

Waldenburg  118,  125,  250 

Walder  306 

Waldeyer  84,  161, 171, 173,  178,  204,  306: 
260,  316,  358,  490,  504:  556 

Waldstein  247:  261 

Waller  96:  646,  667,  668 

Waller  B.  C.  540 

Wallis  99 

Warden  232 

Wargunin  612 

Warren  399,  403 

Wartman  87 

Wasserthal  13 

Watney  623  & 

Webber  669 

Weber  86,  125:  437,  438,  500:  591,  664 

Weddel  613 

Wedl  9:  440:  642 

Wegner  115,  120,  152:   315,  437,  438,  490 

Weichselbaum  556,  567,  600,  601,  612, 
619,  665 

Weidner  383 

Weigert  13.  36,  96,  123,  179,  204.  307: 
288,  296,  314,  334,  371,  388,  435,  504: 
518,  538,  533,  534,  535,  536,  539,  542, 
556,  570,  613,  633,  653,  665 

Weil  174:  577,  579 

Weir  437 

Weir-Mitchell  667,  668 

Weiss  639,  647,  650 

Weissgerber  194:  523,  533,  539 

Welander  564 

Welch  588 

Welcker  17 

Weller  659 

Wendt  161,  233 

Werner  618 

Wernich  193,  201.  209,  211:  474 

Wernicke  635,  637,  644 

V.  Werra  538 

Wesener  515 

West  631 

Westphal  635,  639,  633,  637,  646,  647, 
648,  650,  656,  657,  659,  661 
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Wever  327 

Weyl  400 

Whipham  536,  637 

"Whistler  574 

"White  623  a,  637 

Whitehead  470 

Whitlev  500 

Wiederhofer  453,  458 

Wieger  63:  332:  638 

Wienkowski  315 

Wiktoiowsky  460 

Wilbrand  625 

Wille  630,  633 

Wilks  165,  181:    261,  277,  297,  321,  328, 

491,  500:  539,  660,  661,  663,  664 
"Williams  96,  153:  556 
Willigk589 
Wilson  125 
Wilson  (Erasmus)  408 
Windle  535,  556 
V.  Winiwarter  97,  117:    292,  343,   346, 

438,  490:  622 
Winkel  262 
Winogradow  318 
Winternitz  367 
Winslovf  3 
Witkowski  637,  645 
Wittich  250:  623  b 
Wolberg,  667,  668 
Wolf  565 
Wolfenden  659 

Wolff  88,  177,  197,  201,  204,  209:  647 
Woiffhugel  189,  190 
Wolfler  471:  517,  621,  622,  623 
Wood  204 

Woodhead  (Sims)  436:  647 
Woodward  470 


Wooldridge  35 
Worms  647 
Wucherer  231 
Wulff  504 

Wunderlich  343:  653 
V.  Wyss  84,  108,  125,  206:  383,  490,  498, 
514:  613,  654 

Yeo  (Burney)  125 
Yeo  (Gerald)  625 
Youatt  133 

Zacher  633,  637,  651,  656 

Zaeslein  261:  602 

Zahn  61,  140,  179:  252,  261,  425,  482: 
595 

Zander  279 

Zangger  206 

Zenker  38,  153,  222,  229,  233,  243:  260, 
261,  304,  449,  490,  498,  513:  579,  587, 
600,  636,  637,  638,  650,  653,  663,  664, 
665 

Zesas  623  a 

Ziegler  28,  37,  59,  61,  68,  85,  86,  88,  108, 
109,  110,  115,  119,  120,  123,  140,  145, 
150,  156,  173,  174,  179,  184,  193,  204: 
255,  268,  277,  281,  288,  375,  376,  3^8, 
437,  444:  526,  539,  575,  600,  604,  612, 
613,  628,  631.  633,  637,  648,  658,  663 

Ziehl  602,  6 13 

V.  Ziemssen  449,  460:  569,  570,  573,  574, 
575,  576,  653 

Zuckerkandl  567,  568,  584 

Zulzer  204 

Ziinder  490 

Ziirn  226:  575 
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abnormalities  of  the  heart  270  sqq 

of  the    kidney  517    sqq 
(see  malformations) 
abrachius  10 
abscess  102,  116 

al  veolar  440 
bionchopneumonic  611 
lung  605 
metastatic  116 
of  brain  653,  654 
of  kidney  543 
of  liver  493  sqq 
of  oesophagus  450 
perinephritic  543,  554 
spleen  332,  324 
stomach  457 
tonsils  442 
tuberculous  428 
absorption  by  peritoneum  349 

of  serous  effusion  352 
acardiacus  13 
acarus  folliculorum  225 

scabiei  225,  413 
accessory  lobes  of  lung  585 
suprarenals  565 
thymus  glands  623  6 
thyroid  glands  621 
achirus  10 

achorion  Schonleinii  223,  410 
achroma  365 

acids,  corrosion  by  450,  457 
acne  405 

albida  404 
meutagra  405 
rosacea  360 
sebacea  403 
acrania  7,  6c0 
actinomyces  223 
actinomycosis  134.  135,  233,  436 

of  lung  618 
acute  miliary  tuberculosis  133 
atrophy  of  the  liver  204 
Addison's  disease  363,  565 
adenia  328,  344 
adenocarcinoma  169,  173,  431,  463,  478, 

513 
adenoma  166,  167  sqq 
false  422 
of  intestine  478 
of  liver  503 

of  mucous  membrane  431 
of  sweat-glands  403 
of  thyroid,  631 


adhesive  inflammations  353 
adipose  tissue,  growth  of  85 
adiposity  50 
secidiuin  elatinum  220 
aegagropili  479 
aerobious  fungi  188,  206 
aetiology  of  goitre  623  a 
agenesis  of  brain  630 
agnathia  8 
agrotis  segetum  222 
ague-cake  321 
air,  bacteria  in  the  193 

in  bluod  265,  266 
air-passages,  structure  of  566 
albinism  365 

albumen,  excretion  of  520 
albuminuria  523,  528,  533,  588  sqq 
albuminoids,  putrefaction  of  191,  193 
alcoholic  fermentation  212 

fermentation  set  up  by  mu- 

cor  219 
fermentation  set  up  by  yeasts 
223 
algse  312 

alimentary  tract  Sect.  vii.  (Part  n.) 
alkalies,  corrosion  by  450,  457 
allantois  516 
alopecia  407 

alternation  in  mould-fungi  218 
aluminosis  600 
alveolar  abscess  440 

colloid  347 

colloid  of  liver  607 

ducts  584 

sarcoma  161 
alveoli  of  lung  584 
amelus  10 
amoeba  coii  350 

rotatoria  250 
amputation,  intrauterine  10 

nerve-changes  after  641 
amputational  neuroma  154,  668 
amyelia  630 
amyloid  change  of  bladder  561 

change  of  heart  275 

change  of  kidney  537 

change  of  liver  491 

change  of  lung  595 

change   of   lymphatic   glands 
332 

change  of  mucous  membrane 
417 

change  of  spleen  335 
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amyloid  change  of  thyroid  623 

change  of  vessels  288 

concretions  61 

degeneration  57  sqq 

degeneration,  results  of  60 

degeneration,  seat  of  59,  62 

substance,  nature  of  59,  62 

substance,  reactions  of  58 
an)yotrophy  640 

amyotrophic  lateral  sclerosis  647 
anaemia  19,  258,  261 

of  brain  635 

of  kidney  524 

of  liver  483 

of  lung  586 

collateral  23 
anasmic  necrosis  40 

necrosis  from  atheroma  300 
anaerobius  fungi  188 
anasarca  23 

in  nephritis  539 
anastomotic  aneurysm  151,  289,  301 

varix  151 
anchylostoma  duodenale  231,  479 
anencephalia,  7,  630 
Aneurysm  301  sqq 

of  basilar  arteries  663 
dissecting  309 
false  308 
miliary  686 
of  heart  284 
aneurysmal  vai'ix  301,  311 
angina  442 

Ludovici  447 
angiolithic  sarcoma  663 
angioma  148,  312 

congenital  179 

lymphatic  153 

of  brain  663 

of  liver  504 

of  mouth  438 

of  skin  401 
angiosarcoma,  myxomatodes  163 

plexiform  161 
anguillula  stercoralis  (rhabditis)  231 
angular  gyrus  624 
anhydraemia  258 
annectant  convolutions  624 
anomaly,  congenital  1 
anthracosis  600 
anthrax  (see  bacillus  anthracis)  199 

genesis  of  206 

history  of  206 

intestinal  477      ' 

simplex  405 

specific  390 

symptomatic  206 

vaccination  in  301 
antheridium  218 
anus,  imperforate  464 
aorta,  aneurysm  of  303 

degeneration  of  287 
inflammation  of  292 
primitive  270 
aortic  bulb  270,  271 


aortitis,  acute  293 

apex  of  lung  in  phthisis  616 

aphasia  625 

aphemia  635 

aphthee  433 

aphthous  stomatitis  433 

aplasia  of  the  limbs  10 

of  the  bi  ain  630,  633,  641 
apneumatosis  591 
apoplexy  27,  304 

cerebral  636 

pancreatic  513 

pulmonary  586 
aprosopia  8 
apus  10 
arachnoid  628 
arachnida  225 
arachnitis  656 
archenteron  348 
area  Celsi  407 
argyria  363 
argyrism  70 
argyrosis  of  kidney  530 
archinencephalia  630 
arsenic,  causing  fatty  change  53 
arterial  trunks,  defect  of  371 

hsematoma  308 
arteries,  syphilis  in  130 
arterio-capillaiy  fibrosis  379,  536 
arterioles,  hyaline  change  in  388 
arterio-sclerotic  kidney  535,  536 
arteritis  291,  292 

deformans  299 
syphilitic  295 
arthropoda  225  sqq 
ascaris  lumbricoides  228,  479 

mystax  228,  479 
ascending  degeneration  of  cord  646 
ascites  23,  350,  497 
chylous  31 
ascococcus  185 
ascogonium  216 
ascopore  313,  316 
ascus  216 
aspergillus  glaucus  216,  221 

flavescens  etc.  319,  223 
asteatosis  403 
ataxy,  locomotor  647 
atelectasis  of  lung  591 
atheroma  causing  aneurysm  302 

of  endocardium  276 

of  vessels  288,  297  sqq 

(sebaceous)  404 
atheromata  (congenital)  8 
atheromatous  ulcer  297 
atresia  ani  464 

of  great  vessels  371 
of  intestine  468 
urethrse  519 
atrophic    pigmentary     induration    of 
stomach  456 

cirrhosis  of  liver  498 

proliferation  46 
atrophy,  active  47 

in  mouth  437 
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atrophy,  of  inaction  47 

of  anterior  horns  640 

of  brain  688,  640 

of  cerebrum  640 

of  cerebellum  640 

of  cord  640 

of  heart  273 

of  intestine  468,  470 

of    kidney     (congenital)    517, 
(anaemic)  525 

of  liver  483,  485  sqq 

of  liver,  acute  yellow  489,  490 

of  lymphatic  glands  331 

of  mucous  membrane  417 

of  nerves  667 

passive  47 

pigmentary  45,  46 

serous  46 

simple  43,  45 

of  spleen  325 

of  stomach  455 

trophoneurotic  47 

of  vessels  288 
attenuation  of  virus  201,  211 
attraction  theory  of  inflammation  94 
autochthonous  thrombus  353 
autosite  13 
axis-cylinder  666,  667 

bacilli  in  cholera  473 
of  anthrax  390 
of  typhoid  474 
bacillus  amylobacter  186 

anthraois  185,  186, 188, 189, 190, 
199,  206 

anthracis,  transmutation  of  211 

leprae  131,  185,  186,  206 

malariae  185,  206 

oedematis  206 

subtilis  185,  186,  211 

of  glanders  618 

of  typhoid  206 

of  tubercle  in  glands  342,  618 

of  tubercle  in  lung  606,  612 

of  tubercle  in  sputum  613 

of  tubercle  in  vessels  296 

tuberculosis  120,  127,  186,  206 
(Fig.  80) 

detection  of  127 
bacon  liver  57,  491 

spleen  325 
bacteria  183  sqq 

biology  of  188  sqq 

in  air,  soil,  etc.  193 

in    catarrh    420    (see    bacilli, 
micrococci) 

classification  of  183 

diffusion  of  193 

effect  of  agitation  on  190 

effect  of  heat  on  189 

effect  of  light  on  190 

effect  of  poisons  on  190 

effect  on  nutrient  liquid  191 

in  endocarditis  281 

in  erysipelas  375 


bacteria  in  hepatic  abscess  494 

inflammation  excited   by  198, 

190 
in  health  194 
in  kidney  529,  543 
in  intestine  479 
in  leprosy  392 
in  lymphatic  glands  335 
mutabdity  of  193,  208,  209,  211 
non-pathogenous  197 
pathogenous  195,  196,  198 
in  pempliigus  384 
in  phlegmon  390 
in  purpura  haemorrhagica  361 
in  smallpox  388 
specific  nature  of  208,  209 
in  splenic  abscess  322,  334 
in  stomach  453 
in  syphilis  391 

textural  changes  caused  by  200 
in  urine  558 
bacterial  action,  theories  of  210 
bacterium  decalvans  407 
lineola  185,  205 
subtile  211 

termo  185,  189,  192,  205 
balantidium  coli  250 
baldness  407 
barber's  itch  411 
Basedow's  disease  633  a 
bed-bug  236 
bed-sores  33 

gangrenous  390 
belladonna-rash  367 
beriberi  669 
bezoars  479 
bile  in  blood  359,  368 
bile-ducts,  cancer  of  503 

inflammations,   etc.    of    508 

sqq 
new-formed  497 
bile-pigments  69,  481 

in  gall-stones  508,  509 
bilharzia  heematobia  239 
in  blood  265 
in  kidney  557 
biliary  abscess  493,  495 
colic  510 

concretions  508  sqq 
hepatitis  498 
infiltration  of  kidney  530 
bilirubin  268 

in  gall-stones  508,  509 
biliverdin  in  gall-stones  508,  509 
bird's-nest  body  172 
bladder,  development  of  516 
dilatation  of  563 
disorders  of  558 
malformations  of  519 
tumors  of  562 
blastomycetis  233  sqq 
blebs  370 
bleeders  28 

blisters  870,  371,  372,  381 
blood,  a  tissue  251 
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blood,   air  in  265,  266 

-casts  in  urine  558 

changes  in  25S  sqq 

coagulation  of  252 

composition  of  251,  258 

-corpuscles,  changes  in  260  sqq 

hyperplasia  of  258 

Impurities  in  263  sqq 

parasites  in  265,  266 

-pigments  68 

-plates  252,  261,  263 

-vessels,  growth  of  new  86 

-vessels  in  tabes  dorsalis  648 

-vessels,  wounds  of  256  (see  ves- 
sels) 
blood  and  lymph  Sect.  i.  (Part  ll.) 
and  lymph,  functions  of  251 
bloody  sweat  361 
Blutplattchen  35,  252,  261,  263 
body-cavity,  development  of  348 
boils  405 
bones,  growth  of  88 

metaplasia  of  91 

regeneration  of  83 
bothriocephalus  coidatus  240 
cristatus  249 
latus  249,  479 
botrytis  bassiana  223 
'  bots '  226 

bovine  tuberculosis  127,  206 
Bowman's  capsule  516,  520 
brain-disease,  lymphatics  in  269 
brain,  anaemia  of  635  , 

atrophy  of  638.  640 

compression  of  644 

concussion  of  645 

contusion  of  645 

degeneration  of  638 

disorders  of  629  sqq     • 

histology  of  639 

hyperaemia  of  635 

hypertrophy  of  633,  651 

inflammations  of  652  sqq 

malformations  of  630  sqq 

membranes  of  628 

parasites  of  66  sqq 

sclerosis  of  649,  650,  651 

softening  of  639,  642 

structure  of  624  sqq,  639 

syphilis  of  661 

tuberculosis  of  660 

tumors  of  662 

vessels  of  028 

wounds  of  658 
bridge-building,  paralysis  in  645 
Bright's  disease  589 

disease    and     cardiac    hyper- 
trophy 279 
disease    and    vascular    hyper- 
trophy 289 
bronchi,  disorders  of  579  sqq 
ibronchial  vessels  584 

glands,  tuberculosis  of  613 
■bronchiectasis  579,  582,  583 
bronchiole  584 


bronchiolitis,  exudative  579 

bronchitis  579 

bronchoblennorrhoea  579 

bronchocele  621 

bronchopneumonia  596,  599,  610  sqq 

bronchorrhoea  579 

bronzed  skin  362,  565 

bronzing  67 

brood-capsules  (eccliinococcus)  245 

brood-cells  76 

brown  atrophy  of  heart  273 

induration  of  lung  587 
bubo  391 

hard  syphilitic  342 

suppurating  337 
bulbar  nuclei,  atrophy  of  640 

paralysis  647,  659 
bullae  (see  blebs  and  blisters) 
bullous  emphysema  594 
Burdach,  columns  of  626 
burn,  blisters  from  370.  372,  381 
burns,  effect  on  blood  262 

cachexia  of  tumor  141 

strumipriva  623  a 
cadaveric  poison  197,  390 
caisson-paralysis  645 
calcaneus  (talipes)  11 
calcareous  deposits  64,  65 

deposits  in  bile-ducts  508  sqq 
deposits  in  kidney  532 
deposits  in  pancreatic  ducts 

514 
deposits  in  thyroid  623 
deposits  in  vessels  288 
calculi  532,  560 
calcarine  fissure  624 
calcification,  after  necrosis  34 

of  lymphatic  glands  333 
of  brain  638 
of  thrombi  254 
of  vessels  288,  297 
calculi,  biliary  508  sqq 
intestinal  479 
pancreatic  514 
calculous  pyelitis  555 
calculus,  salivary  448 
vesical  560 
urinary  560 
callosities  394 
canal  of  Wirsung  513 
canalization  of  thrombus  255 
canals,  biliary  480 
cancellous  osteoma  147 
cancer-cells  170 

cancer,  endothelial  316,    858,    663,    664 
(see  carcinoma) 
of  lymphatic  glands  347 
of  serous  cavities  358 
of  skin  402 
stroma  170 
cancroid  402 

dry  404 
cancrum  oris  434 
canities  365 
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canker  in  cattle  135 
cantharides,  blisters  from  381 

gastric  ulcer  from  459 
cystitis  from  561 
capillary  aneurysms  305 

ectasis  305 
capillaries,  growth  of  86 
capsule  of  Bowman  516,  530 
of  Glisson  4b0 
internal  625  (Fig.  245) 
external  625  (Fig,  245) 
caput  medusae  497 
carbonic  acid  poisoning  259 
carbonic  oxide  poisoning  259 
carbuncle  405 
carcinoma  166,  170  sqq 

a3tiology  of  181 
growth  of  171 

of  intestine  473  (see  cancer) 
of  liver  503 
of  meninges  663,  664 
metastases  in  174 
of  mucous  membrane  431 
of  oesophagus  451 
of  pancreas  515 
of  serous  membr'ane  358 
of  skin  402 
of  stomach  461,  462 
varieties  of  173 
cardiac  ganglia,  changes  in  277 

hypertrophy  and  renal  disease 

279 
hypoplasia  273 
malformations  271 
polypus  253,  277 
thrombosis  253 
caries  of  teeth  440 
carnification  of  lung  593,  604 
carpogonium  216 
carrier-cells  114 
cartilage,  growth  of  87 

laryngeal,  disease  of  576 
metaplasia  of  91 
caruncle  564 
caseation  39 

after  necrosis  34 
in  tubercle  118 
of  lung  598 

of  lymphatic  glands  332,  833, 
343 
casts  in  urine  523,  533,  558 
caseous  pneumonia  600 

necrosis  of  lung  611 
catarrh  55 

desquamative  103 
purulent  103 
serous  102 
of  intestine  470 
of  larynx  570 
of  lung  597 

of  mucous  membrane  420,  421 
of  nose  567 
of  oesophagus  450 
of  stomach  456 
catarrhal  stomatitis  433 


cavernous  angioma  150 

angioma  of  liver  504 
nietaiiiurphosis  150 
caudate  nucleus  035 
cauliflower  excrescences  561.  575 
cavities  in  lung  (see  vomica,  bronchi- 
ectasis) 616 
cebocephalia  630 
cells,  division  of  74,  75 

multiphcation  of  80,  81 
cell-nests  170,  172 
ceUulitis  390 

micrococci  in  2C4 
pelvic  669 
central  fissure  of  cerebrum  634 
lobe  of  cerebrum  634 
nervous  system  Sect.  ix.  (Part 

n.) 
red  atrophy  of  liver  483 
centrum  ovale  635 
cephalocele  631 
cercaria  336,  339 
cercomonas  350 

in  lung  630 
intestinalis  479 
cerebellum  624,  637 
cerebellar  tract  636 

atrophy  610 
cerebral  abscess  653,  654  (see  brain) 
atrophy  640 
axis  634,  636  (Fig.  347) 
vesicles  630 
cerebrospinal  meningitis  653 
cerebrum  634  (see  brain; 
cestoda  240  sqq 
chalicosis  600 
chalky  concretions  65 
chancre  123 

(hard)  391,  564 
(soft)  or  cliaiicroid  391,  564 
Charcot's  crystals  360,  579 
cheilognathopalatoschisis  8 
chicken-pox  388 
chigoe  or  chigger  236 
chilblains  367,  389 
chionyphe  Carteri  222 
chloasma  363 
chloroma  163 

chlorosis,  atiEemia  of  353,  361 
Egyptian  831 
hypoplasia  in  873,  286 
cholecystitis  513 
cholera  473 

anhydraemia  in  258 
cholesteatoma  161,  663 
cholesterin  54 

in  gall-stones  508,  509 
chondroma  146 
choroid  plexuses  638 
chronic  parenchymatous  nephritis  539, 

544  sqq 
chronic  ulcer  of  stomach  459 

ulcer  of  duodenum  471 
chylous  ascites  31,  350 

hydrothorax  31,  235 
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chyluria,  from  filariee  235 
cicatricial  tissue  b2,  105 

tissue,  growth  of  103,  109 
cicatrix,  after  necrosis  34 

in  blood-vessel  255,  256 
syphiliLic,  of  liver  499 
ciliata  250 

cimex  lecluarius  226 
cinnabar  in  bijod  266,  267 
circulation  of  kidney  521 
cirrhosis  of  liver  497  sqq 

of  lung  581,  592,  598,  604,  611, 

616 
pancreas  515 
cirrhotic  kidney  526,  539,  547  sqq 
cirsoid  aneurysm  301 
cisterns  of  subarachnoid  628 
Clarke's  vesicular  columns  626 
claustrum  625 
clavities  407 
clavus  394 
cleft  palate  8,  567 
'  clegg '  226 

Clostridium  butyricum  186,  188,  192 
clots,  post-mortem  253 
cloudy  swelUng  48 

swelling  of  heart  274 
swelling  of  kidney  534 
swelling  of  liver  488 
club-foot  11 

coagulation,  intravascular  252  sqq 
coagulative  necrosis  35,  36 
coal-dust  in  blood  265,  266,  267 

in  lungs  600 
coccidium  250 

in  lung  620 
coccobacteria  185 
coeliac  flux  472 

Cohnheim's  embryonic  theory  of  tu- 
mors 177  sqq 
coUc,  biliary  5l0 

renal  531,  555 
colitis  471 

collapse  of  lung  591  sqq,  610 
collier's  lung  6oO 
colliquative  necrosis  40 
colloid,  alveolar  507 

cancer  of  intestines  478 
cancer  of  stomach  462 
casts  525,  533 
degeneration  56 
degeneration  of  thyroid  623 
combined  degenei'ations  of  cord  647 
comedones  404 

of  mouth  439 
commissures  of  brain  625 
commotio  cerebri  645 
compensatory  hypertrophy  of  kidney 

522 
composition  of  blood  251 
compression,  softening  from  644 
concentric  globes  172,  663 

hypertrophy  278 
concretio  perit-ardii  853 
concretions,  amyloid  61,  638 


concretions,  biliary  508 

intestinal  479 
pancreatic  514 
salivary  448 
urinary  560 
concussion  of  brain  and  cord  645 
condyloma  129 

acuminatum  394,  564,  574 
endocystic  400 
latum  379 
congenital  encephalitis  638 
hernia  465 
hypertrophy  18 
syphilis  of  liver  500 
tuberculosis  613 
tumors  178 
congestion  21 

of  brain  635 
of  kidney  522 
of  iiver  483 
of  lung  586,  603 
of  spleen  319 
conidia  213 
conidiopliore  215 

connective  tissue,  metaplasia  of  91 
tissue  regeneration  of  85 
connective-tissue  tumor  138 
contagious  disease  202 

disease,  evidence  of  organic 
nature  of  virus  in  203 
contracted  kidney  525.  528,  545.  547  sqq 
contraction  of  stomach  454,  4(50 
convolutions  of  cerebrum  624  sqq  (Figs. 

243,  244) 
cord  (spinal),  atrophy  of  639,  640 
(spinal),  compression  of  644 
(spinal),  concussion  of  645 
(spinal),  contusion  of  645 
(spinal),  inttamniations  of  652  sqq 
(spinal),  malformations  of  630,  632 
(spinal),  sclerosis  of  646,  647,  648, 

649,  650,  651 
(spinal),  softening  of  643,  644 
(spinal),  structure  of  626 
(spinal;,  tuberculosis  of  660 
(spinal),  wounds  of  658 
cordyceps  militaris  222 
cornea,  mould-fungi  on  221 
cor  villosum  352 
corns  394 

cornua  of  cord  626 
cornu  cutaneum  394 
corona  radiata  625 
coronary  embolism  277 
corpora  albicantia  627 

amylacea  61,  638 
Arantii,  degeneration  of  276 
geniculata  627 
quadrigemina  627 
corpus  callosum  624 

callosum,  absence  of  630 
corpuscles,  chanj^es  in  260  sqq 
corrosion  of  oesophagus  450 

of  stomach  457 
corrosive  poisons  on  skin  389 
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cortical  centres  625 
coryza  567 
crab-louse  236 
cranial  nerves  626,  627 
craniopagus  12 
craniorachischisis  7 
cranioschisi'S  7.  6;''0 
cretinism  623  a,  634 
criminal  brain  634 
croup  570 
croupous  exudation  102 

inflammation  of  intestine  470 
inflammation  of  larynx  570 
inflammation  of  lung  597 
inflammation      of      mucous 

membrane  423 
inflammation  of  nose  567 
inflammation  of    oesophagus 

450 
inflammation  of  stomach  457 
crura  cerebri  627 
crural  hernia  465 
crustae  368,  373 
cuiicidia  226 

cultivation  of  bacteria  186,  311 
cuneus  624 

cuniculi  in  scabies  225,  413 
cutis  ajnea  362,  565 
cyanosis  271 
cyanotic  atrophy  of  liver  483 

induration  of  kidney  523 
cyclopia  7,  567,  630 
Cyclops,  host  of  Guinea-worm  234 
cylinders  in  urine  523,  533 
cylindrical  aneurysm  301 

epithelial  cancer  173 
cylindroma  163,  173 

of  brain  663 
cystadenoma  168 

of  thyroid  621 
cystic  hygroma  438,  439 

sarcoma  448 
cysticercus  cellulosse  242,  244 

cellulosEe  in  brain  663 
cellulosEe  in  kidney  557 
cellulosse  in  lung  620 
of  brain  663 
of  heart  285 
racemosus  243 
of  serous  membranes  358 
cystine  calculi  532,  560 
cystitis  561 

cystocele  (vaginal)  563 
cystoma  168 

multilocular,  of  thyroid  623 
cysts  71 

apoplectic  636 
biliary  511 
dermoid  178 
following  necrosis  34 
of  intestine  464,  470 
of  jaws  441 
laryngeal  575 
meningeal  637 
mucous  422,  439,  446 


cysts,  pancreatic  514 
renal  551 
serous  358 
of  trachea  578 

dandriflE  403 

daughter-cysts  (echinococcus)  246 
Davaine's  septicaemia  204 
decubitus  33 

decubital  necrosis  of  larynx  576 
necrosis  of  pharynx  450 
necrosis  of  skin  390 
defects  of  the  heart  270 

of  the  vessels  271 
definitive  inflammation  34 
degeneration,  amyloid  57 
colloid  56 
dropsical  49 
dropsical  of  kidney  535 
fatty  50 

gelatinous,  of  nerve-cen- 
tres 639 
gray,    of     nerve-centres 

639 
hyaline  63 
*  hyaline-fibrous '  63 
lai-daceous  57 
mucoid  55 
parenchymatous  48 
secondary,      of       tracts 

646 
vitreous  63 
waxy  68 
degenerations  of  brain  638      * 
of  heart  273  sqq 
of  liver  488  sqq 
of  lung  595 
of  lymphatic  glands  330 

sqq 
of  neuroglia  639 
of  pancreas  514 
of  suprarenals  565 
of  spleen  325  sqq 
of  vessels  287  sqq 
Deiters'  cells  639 
demarcation,  line  of  34,  41,  115 
dementia  paralytica  648,  656,  657 
demodex  225 

foUiculorum  404 
dental  osteoma  441 
deniigerous  cysts  441 
deposits  in  kidnpy  529  sqq 
dermatitis  366  sqq 

contusiformis  367 
exfoliative  377 
dermatolysis  399 
dermatomycosis  409 
dermoid  cysts  71,  178 

tumors  358 
descending  degeneration  of  cord  646 
desmobacteria  183,  186,  206 
desquamation  373 
desquamative  catarrh  103 
destruction    of     blood-corpuscles    263, 
268,  318 
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development  of  blood-vessels  86 

of  urinary  organs  516 
dexiocardia  27:3 
diabetes,  kidney  in  535 
liptemia  in  259 
diapedesis  27,  96 
diapbragmatic  grooves  on  liver  483 

hernia  467 
dicephalus  14 
diffuse  aneurysm  301 
nephritis  541 
sclerosis  651 
dilatation  of  bile-ducts  510,  511 
of  bronchi  582 
of  capillaries  305 
of  heart  278  sqq 
of  intestine  468 
of  oesopbagus  449 
of  pancreatic  ducts  514 
of  stomach  453,  454 
of  trachea  577 
diphtheria  443,  444,  570 

and  myocarditis  284 
coagulative  necrosis  in  38 
micrococci  in  204 
nephritis  in  540,  543 
paralysis  in  669 
diphtheritic  endocarditis  281,  282 
inflammation  38,  103 
inflammation  of  intestine 

470 
inflammation  of  larynx  570 
^     inflammation    of    mucous 
membrane  424.  425,  443 
inflammation  of    oesopha- 
gus 450 
inflammation   of  stomach 
457 
diplobacteria  185 
diplococcus  184,  185,  603 
diprosopus  14 
dipygus  15 
direct  ceU-division  76 
discoloration  of  skin  863 
disinfectants  190 
disinfection  by  heat  189 
disintegration  of  blood-corpuscles  363, 
268,  318 
cysts  of  71 
dislocation,  congenital  11 
dispora  Caucasica  186 
dissecting-room  warts  390 
distoma  hasmatobium  239 

hfematobium  in  kidney  557 
hepaticum  237 
lanceolatum  238 
ringeri  620 
diverticula  of  bladder  519 

of  intestine  464,  468 
of  oesophagus  449 
dochmius  duodenalis  231.  479 
dorsal  stratum  of  cerebral  axis  627 
draeontiasis  234 
dracunculus  medinensis  234 
dropsy  23 


dropsy  of  gall-bladder  511 

of  serous  cavities  350 
dropsical  degeneration  49 

degeneration  of  kidney  535 
lacunee  of  cord  637 
drv  inflammation  of  serous  membrane 

352 
dry-rot  220 
ductus  arteriosus  271 

Botalli  271 
duodenitis  471 
duodenum,  ulcer  of  471 
duplicitas  anterior  14 
posterior  15 
duplication  of  bladder  519 
of  limbs  17 

of  central  canal  of  cord  637 
of  mammary  glands  17 
-  of  ureter  517 
of  viscera  17 
dura  mater,  hfemorrhage  of  664 
mater,  hygroma  of  664 
mater,  inflammations  of  664 
mater,  structure  of  628 
mater,  tumors  of  664 
dust-cells  600 

diseases  600 
dwarfs  6.  43 
dyschromatosis  363 
dysentery  421.  472 

hepatic  abscess  in  493 
dystopia  of  kidney  517 

ear.  mould-fungi  in  the  321 

ebu mated  osteoma  147 

ecchondroses  146 

of  larynx  576 

ecchymoma  361 

ecchymoses  26.  261 

echinococcus  cysts  245 

granulosus  246 

hydatidosus  246 

multilocularis  247 

scolecipariens  246 

t^nia  245 

veterinorium  246 

of  heai-t  285 

of  brain  663 

of  Uver  507 

of  lung  620 

of  serous  membranes  358 

ectasis  805 

ecthyma  385 

ectogenoub  virus  203 

ectophytes  182 

ectopia  cordis  9,  273 

(ecstrophia)  vesicee  9,  519 

ectozoa  182 

eczema  385 

marginatum  411 

efflorescence  of  skin-disease  368 

effusions  26 

effusion  in  serous  cavities  350,  354 

Egyptian  chlorosis  231 

elephantiasis  arabum  315,  395,  396 
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elephantiasis,  congenital  399 
grsecorum  131 
graecorum  (see  leprosy) 
of  lymphatic  glands  841 
embolic  abscess  257,  267 
aneurysm  303 
infarction  37 
pneumonia  605 
tuberculosis  of  lung  606 
embolism  29 

of  kidney  527 
of  lung  590 
of  spleen  624 
embolus  257,  263,  267,  282 
embryonic  hypothesis  177  sqq 

tissue  180 
emphysema  of  lung  593,  594 
empusa  222 
empyema  354 
encephalitis,  congenital  638 

purulent  654,  658,  659 
encephalocele  7,  631 
encephaloid  cancer  173 

(medullary)  cancer  of  sto- 
mach 462 
encephalomalacia  643 
enchondroma  146 

of  skin  491 
endarteritis  293 
endemic  goitre  623  a 
endobronchitis  581 
endocarditis  280  sqq 

micrococci  in  204 
endocardium,    degeneration    of      275, 

276 
endocystic  condyloma  400 
endogenous  gemmation  76 

virus  203 
endoneurium  666 
endophlebitis  293 
endosporium  215 
endothelial  cancer  316,  358 
endothelioma  161,  316 

melanodes  504 
of  meninges  663,  664 
endothelium  of  serous  cavities,  its  na- 
ture 348 
of  vessels  as  impurity  in 

blood  263 
of  vessels  in  organization 

255 
of  vessels  in   thrombosis 
258 
engastrius  13 
engorgement  21 

of  brain  635 
of  glottis  571 
of  kidney  523 
of  liver  488 
of  lung  556 
of  spleen  323 
engouement  602 
enlarged  prostate  564 
enlargement  of  heart  278 

of  liver  492,  498 
24 


enlargement  of  lymphatic    glands  338 

sqq 

of  spleen  321,  323,  337  etc. 
enostosis  147 
enteric  fever  474 
enteritis  470 
enterocystoma  464 
enteroliths  471,  479 
enteiomycosis  bacteritica  477 
entophytes  182 
entozoa  182 
eosinophilous  cells  260 
epencephalon  630 
ependymal  sclerosis  650 
ephelis  362,  398 

epidemic  cerebrospinal  meningitis  653 
epidermal  pearls  172,  398,  668 
epidermic  globes  172.  398,  663 
epidermidophyton  376 
epigastrius  13 
epignathus  13 
epileptic  brain  634 
epipygus  13,  14 
epistaxis  26,  567 
epithelial  casts  538,  558 

catarrh  420 

pearls  172,  663 

tumors  138,  166  sqq 
epithelioid  cells  in  granulations  1Q8 

cells  in  tubercle  119 
epithelioma  170,  172 

(adenocarcinoma)  431 
(cancerous)  402 
molluscum  400 
of  mouth  438 
epithelium,  growth  of  84 

regeneration  of  84 
epispadias  519 
epizoa  182 
epulis  438,  441 
equinus  (pes)  11 
erectUe  tumors  150 

tumors  of  nose  568 
ergotism  648 
erysipelas  375 

laryngitis  in  572 

micrococci  in  204,  875 
erysipelatous  stomatitis  483 
erythema  360,  366 

multiforme  367 

nodosum  367 
essential  anaemia  258 
etat  crible  637,  643 
etat  mavimelonne  of  stomach  456 
ethmocephalia  630 
eurotiura  aspergillus  216,  221 
eustachian  valve,  development  of  270 
eustrongylus  gigas  231 

gigas  in  kidney  557 
exanthemata,  rash  in  367 
excentric  hypertrophy  278 
excitability  of  cells  78 
exfoliative  dermatitis  377 
exophthalmic  goitre  623  a 
exosporium  215 
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exostosis  147 

extraneous  matters  in  blood  265 

matters  in  lymphatic  glands 
334  sqq 
extravasation  26 

cysts  of  71 
extroversion  of  bladder  519 
exudation-corpuscles  112 
exudation  from  serous  membranes  350, 
354 
in  skin  disease  368 
exudations,  inflammatory  96 

inflammatory',      re-absorp- 

ttonof  112 
inflammatory   varieties  of 
102 

faecal  abscess  468,  471 
feeces,  parasites  in,  479 
false  adenoma  422 
aneurysm  308 
membrane  35,  102 
membranes  in  croupous    inflam- 
mations 423 
membranes    in  serous  inflamma- 
tions 352 
passages  564 
farcy  133 

fat-embolism  of  lung  588 
fat  in  blood  259,  264,  266 
fatty  casts  533 

degeneration  50  sqq 
degeneration,  cau«e  of  52 
degeneration  of  brain  638 
degeneration  of  endocardium  275 
degeneration  of  heart  274 
degeneration  of  kidney  536 
degeneration  of  liver  488 
degeneration  of  lymphatic  glands 

332 
degeneration  of  pancreas  514 
degeneration  of  vessels  287 
enlargement  of  heart  279 
infilti'ation  50,  53 
kidney  536,  545 
liver  487 
favus  222,  410 
femoral  hernia  465 
fenestration  of  valves  282 
ferro-albuminoids  268 
fermentation  (see  bacteria)  191,  223,  224 
fibrin  35,  252 
fibrinogen  252 
fibrinoplastin  252 
fibrinous  blocks  in  spleen  324 
exudation  102 

inflammation  of  sei'ous  sur- 
faces 352 
necrosis  35,  36 
fibroblastic  cells  in  organization  255 

cells  in  arteritis  295 
fibroblasts  85 

in  granulations  108,  109 
fibroid  induration  of  heart  277 

induration  of  liver  496  sqq 


fibroid  induration  of  lung  (see  cirrhosis) 
induration  of  lymphatic  glands 

34;  1 

induration  of  pancreas  515 
induration  of  spleen  321 
induration  of  stomach  445 
uterine  142,  153 
fibroma  142 

molluscum  399,  670 
fibromyoma  153 
tibroneuroma  504 
fibroplastic  degeneration  135 
fibrosarcoma  157,  160 
fibrous  hyperplasia  of  brain  and  cord 
(see  sclerosis) 
hyperplasia  of  liver  496  pqq 
hyperplasia  of  lymphatic  glands 

341 
hyperplasia    of    mucous    mem- 
branes 422 
hyperplasia  of  stomach  456 
tissue,  growth  of  85 
tissue,  regeneration  of  85 
filaria  in  blood  265,  395 
in  kidney  557 
medinensis  234 
sanguinis  hominis  235 
filobacteria  186 
fissura  abdominalis  9 

vesicae  519 
fistula  colli  congenita  8 
in  ano  471 
salivary  448 
fixed  tissue-cells  in  cicatrization  111 
flagellata  250 
flea  226 

Flechsig's  zones  625 
floating  kidnev  517 

liver  482 
flukes  236 
foetal  atelectasis  591 

cysts  of  kidney  551 
inclusions  358 
foetus  papj'raceus  13 
foUicular  ulceration  442 

ulcers  470 
folliculitis  barbae  405 
fomites  202 

foot-and-mouth  disease  433 
foramen  ovale  270 

foreign  bodies  in  lymphatic  glands  334, 
335 
bodies  in  trachea  577 
substances,     re-absorption      of 
113,  114,  115 
fovt'l-cholera  202,  204 
freckles  362,  398 
Friedreich's  disease  (hereditary  tabes) 

648 
frontal  lobe  624 
fungi,  classification  of  212 

in  stomach  453 
fungous  tumor  137 
fungus-disease  of  India  222 
funiculus  gracilis  626 
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funiculus  cuneatus  626 

fur  of  the  tongue  221,  433,  437 

furfuraceous  desquamation  373 

furrows  of  brain  624  sqq 

furunculi  405 

fusiform  aneurysm  301 

gad-flies  226 

gall-bladder,  anomalies  of  482 
dropsy  of  511 
inflammation  of  512 
gall-stones  508 
ganglion-cells  of  cord  626 
ganglia  of  nerves  666 
gangrene,  drv  41 

hospital  390 
moist  42 
of  lung  598,  603 
gangrenous  bed-sores  390 
emphysema  42 
inflammation  426,  445 
gastradenitis  459 
gastric  polypi  455  (see  stomach) 

ulcer  459 
gastritis  456 
gastromalacia  453 
gastroschisis  9 
gattine  204 

gelatinous  cancer  of  stomach  462 
infiltration  of  lung  617 
degeneration  639,  650 
gemmation  in  cells  76 

,   in  yeasts  223 
genesis  of  tumors  177  sqq 
germ-theory,  evidence  for  203 
giant-celled  cancer  173 
giant-cells  76 

in  granulations  108 
in  tubercle  119 
in  syphilis  128 
glanders  133 

larynx  574 
lung  618 

mucous  membrane  430,  568 
glanders-bacilli  618 
gleet  564 
gliacoccus  185 
glioma  145,  663 
gliomyxorua  663 
gliosarcoma  663 
glomeruli,  development  of  516 

functions  of  520 
glomerulo-nephritis  540,  545 
glossitus  434 
glossocele  437 

glosso-labio-pharyngeal  paralysis  659 
glossophytia  437 
glottis,  oedema  of  571 
tumors  of  575 
Grluge's  corpuscles  113 
glycerine  on  kidney  530 
glycocholic  acid  481 
glycogen  481 

giycogenous  degeneration  of  kidney  535 
goitre  631  sqq 


Goll,  columns  of  636 
gonococcus  564 
gonorrhoea  204,  564 
gonorrhoeal  endocarditis  281 
gout,  deposits  in  66 

lead-poisoning  and  526 
kidney  in  526,  531,  535 
goutte  militaire  564 
granular  casts  533 

(cirrhotic)  kidney  526,  547  sqq 
(cirrhotic)  liver  497  sqq 
ependymal  sclerosis  650 
laryngitis  570 
granulation-tissue  105 

growth  of  108 
granule-carrying  cells  51 
granuloma  117 

granulomata,  infective  117  sqq 
gravel  531,  560 
Graves'  disease  623  a 
gregarinosis  pulmonum  620 
gray  degeneration  639,  650 
gray  induration  of  lung  592 
grayness  of  hair  365 
grinder's  asthma  or  rot  600 
grutum  364.  404 
Guinea-worm  234 
gum- boil  434,  440 
gumma  129 
gummata  of  brain  661 
of  heart  285 
of  liver  499,  500 
of  lung  607 
of  spleen  327 
of  throat  444 
of  vessels  295 
gummatous  hepatitis  500 
node  130 
pneumonia  607 
ulcer  891 
gynaecophoric  canal  239 
gyri  of  cerebrum  624  sqq 

hsematemesis  26 
hsematidrosis  361 
h^matin  68 

haematoblasts  35,  252,  261,  263 
hasmatocele  26 

hsematogenous  nephritis  538  sqq 
hsematoidin  68,  268 
haematoma  26,  306,  361 
arterial  308 
•      of  dura  mater  664 
of  pancreas  513 
hsematometra  26 
hsematopota  pluvialis  226 
hsematuria  26 

endemic  239 
from  filariee  235 
haemoglobin  68 

infarction  of  kidney  530 
proportion  in  blood  258, 

261 
proportion  in  blood  after 
removal  of  spleen  318 
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haemoglobinuria,     after     hasmorrhage 
349,  520,  530 
epidemic  262 
experimental  520 
intermittent  262,  268 
paroxysmal  263,  530 
haemopericardium  26 
haemophilia  28 

hypoplasia  in  272 
neonatorum  28,  204 
hsemoptoe  or  haemoptysis  26,  590,  613 
haemorrhage  26 

aneurysmal  304 

by  rupture  (apoplexy)  27 

from  mucous  membranes 

416 
from  serous    membranes 

349 
of  brain  636 
of  lung  589 
of  pancreas  513 
of  dui-a  mater  664 
of  stomach  458,  460 
of  thyroid  623 
of  thymus  623  b 
haemorrhages  of  skin  361 
haemorrhagic  diathesis  28 

erosion  of  stomach  458 
exudation  102 
infarct  26 

infarct  of  kidney  527 
infarct  of  lung  589 
infarct  of  spleen  324 
infiltration  of  kidney  530 
infiltration  of  liver  484 
infiltration  of  lung  589 
inflammation   of  serous 

membranes  352 
nephritis  544 
softening  of  brain  642 
haemorrhoids  149,  306 
hgemothorax  26 
hair,  disorders  of  407,  408 
hair-balls  479 
hairy  men  408 
hairy  tongue  437 
'  hard  sore '  128 
hare-lip  8 

Haubenstrahlung  627 
hay-bacilli,  transmutation  of  (see  bacil- 
lus subtilis)  211 
head  of  tape- worm  240 
heart,  abnormalities  of  270  sqq* 
aneurysm  of  289 
atrophy  of  273 
degeneration  of  273  sqq 
development  of  270 
dilatation  of  278  sqq 
hypertrophy  of  27S  sqq 
hypoplasia  of  272 
inflammations  of  280  sqq 
malformations  of  270  sqq 
misplaced  272 
parasites  of  285. 
rupture  of  274,  277 


heart,  sclerosis  of  277 
size  of  272,  278 
tumors  of  285 
heat,  effect  of,  on  skin  381 

eflfect  of,  on  blood  262 
hemianopsia  625,  641 
hemicephalus  7 
Henle's  loops  520 
hepar  mobile  482 
hepatic  abscess  493,  494,  495 
artery,  closure  of  484 
hepatization  of  lung  597,  602 
hepatitis  493  sqq 

artificial  498 
biliary  498,  512 
gummatous  500 
indurative  496  sqq 
purulent  493  sqq 
sequestrans  49y 
syphilitic  499,  500 
tuberculous  501 
heredity  of  phthisis  612 
hereditary  tabes  dorsalis  648 
hernia  464,  465 

cei-ebri  7,  631 
funis  9 
hernial  aneurysm  302.  303 
herpes  circinatus  367.  383 
iris  367,  383 

simplex,  labialis  etc.  383 
tonsurans  383,  411 
zoster  371,  383 
heterologous  tumor  138 
heteroplasia  83 
heteroplastic  tumor  138 
hide-bound  condition  396 
high  tension  of  arteries  in  apoplexy  636 
hirsuties  408 
histioid  tumor  138 
histology  of  brain  and  cord  639 
liob-nailed  liver  497,  498 
Hodgkin's  disease  328,  344 
homoeoplastic  tumor  138 
homologous  lumor  138 
horns  of  gray  matter  in  cord  626 
horns  of  the  skin  394 
horse-shoe  kidney  517 
hospital  gangrene  390 
Hunterian  chancre  391 
hyaline  casts  523,  533 

change  of  heart  276 
change  of  lymphatic  glands  332 
change  of  vessels  288 
change  of  vessels  in  brain  642 
degeneration  63 
neci'osis  35,  'io 
'  hyalin-flbrous '  degeneration  63 
hydatid  cyst  245,  248 
hydatids  240,  245 

of  brain  663 
of  heart  285 
of  liver  507 
of  lung  620 

of  serous  membranes  358 
hydraemia  258 
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hydraemic  plethora  25 
hydrobilirubin  68 
hydrocele  colli  8 
hydrocephalus  631,  637 

(causing  acrania)  7,  630 
chronic  652 
hydrencephalocele  7,  631 
hydromyeha  632.  637 
hydrbnephrosis  518,  552 
hydropericardium  350 
hydrophobia,  encephalitis  in  659 
hydrops  23 
hydrorachis  7,  632 
hydrothorax  850 

chylous  31 
hygroma,  cystic  438,  439 

of  dura  mater  664 
hypalbuminosis  258 
hyperaemia;  19 

appearances  of  20 
collateral  21 
idiopathic  21 
of  kidney  522 
of  liver  483 
of  lung  586 

of  mucous  membranes  415 
passive  21 

of  serous  membranes  349 
of  skin  360 
of  spleen  319,  323 
hyperinosis  258 
hyperostosis  147 

hyperplasia,  cell-processes  in  72  sqq 
of  bronchi  581 
of  heart  278 
of  liver  492 

of  lymphatic  glands  341 
of  mucous  membrane  418 
of  skin  393 
of  spleen  328 
of  vessels  289 
hypertrichosis  408 
hypertrophic  bronchiectasis  582 

cirrhosis  of  liver  498 
hypertrophy,  congenital  18 

cell-processes  in  72  sqq 
numerical  72 
simple  72 
of  bladder  563 
of  heart  278,  279 
of  kidney  523 
of  liver  492 
of  stomach  455 
of  tongue  437 
of  vessels  289 
hyph8e213 
hyphomycetes  212  sqq 

in  skin  409 
in  stomach  453 
hypophysis  cerebri  665 
hypoplasia  of  heart  273 
of  spleen  321 
of  vessels  286 
hypospadias  519 
hypostasis  21 


hypostatic  engorgement  of  lung  586 
pneumonia  589 

ichthyosis  397 

icterus  69,  259,  471,  498,  512  (see  jaun- 
dice) 
gravis  490 

gravis  kidney  in  535 
neonatorum  69,  530 
idiocy  634 

idiopathic  anaemia  258,  261 
skin-diseases  359 
ileitis  471 

imperforate  anus  464 
impetigo  385 
impurities  in  blood  263  sqq 

inhaled  600 
incarcerated  hernia  466 
inclusio  foetalis  13 
incompetence  of  the  ostia  venosa  270, 

383 
incrustation  64 
indigo  calculus  533 
indigo-carmine,  excretion  of  520 
indirect  cell-division  74 
induced  thrombus  253 
indurated  chanci-e  391 
induration  ardoise  614 
induration  of  heart  377,  284  (see  fibroid) 
of  kidney  526,  539,  547  sqq 
of  lung  587,  592 
of  lymphatic  glands  337,  840 
indurative  hepatitis  496  sqq 
pancreatitis  515 
peribronchitis  581 
infantile  pai-alysis  659 
infarct  26,  30 
infarction,  embolic  37 

of  kidney  527,  528 
of  lung  589 
of  spleen  324 
infective  diseases,  classification  of  203 
diseases,  organisms  in  303 
granulomata  117  sqq 
granulomataof  mucous  mem- 
brane 428  sqq 
infectiveness,  marks  of  117 
infiltrating  tumor  137 
infiltration  with  salts  64 
inflammation  98  sqq 

altered  blood-current  in 

96 
attraction  theory  94 
causes  of  98 
definition  of  93 
diapedesis  in  96 
dilated  vessels  in  96 
exudation  in  96 
later  stages  of  104  sqq 
migration  of  blood-cells 

in  96 
necrosis  after  100 
neuropathic    theories  of 
94 
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inflammation,  recovery  after  104 
repair  after  98 
stasis  in  96 
symptoms  of  93 
temperature  in  97 
terminology  of  101 
textural  changes  in   99, 

103 
varieties  of  101 
vascular  changes  in  95,  96 
inflammations  of  gall-bladder  512 
of  brain  652  sqq 
of  cord  652  sqq 
of  heart  280  sqq 
of  intestine  470,  471,  472 
of  kidnej'  538  sqq 
of  liver  493  sqq 
of  lung  596  sqq 
of  lymphatics  314 
of  meninges  652  sqq 
of  mouth  433 
of    mucous  membranes 

419  sqq 
of  nerves  669 
of  oesophagus  450 
of  pancreas  515 
of     serous    membranes 

351 sqq 
of  skin  366  sqq 
of  spleen  320 
of  stomach  456 
of  throat  442  sqq 
of  vessels  290 
inflammatory  infiltration  101 
oedema  102 
oedema  of  brain  637 
oedema  of  kidney  541 
stimulus  99 
tissue  105 
infundibulum  of  kidney  520 

of  lung  584 
infusoria  250 
inguinal  hernia  465 
inhalation-diseases  600 
inhalation  in  phthisis  612 
initial  slerosis  of  syphilis  391 
injuries  of  liver  482 

of  spleen  320,  326 
of  vessels  256 
inoculation  in  anthrax  201 

in  fowl-cholera  201 
in  septicaemia  196,  201 
insane  brain  634 
insecta  226 
intention,  first  110 

second  110 
inter-braiu  627 
intermedio-lateral  tract  626 
internal  capsule  625 
hernia  467 
interstitial  hepatitis  496  sqq 
inflammation  101 
nephritis  526,  543 
intestinal  calculi  479 

diverticula  9 


intestinal  mycosis  206,  477 

obstruction  467 
intestine  463  sqq 

anomalies  of  464 

cancer  of  478 

concretions  of  479 

hernia  of  465,  466 

inflammations  of  470  sqq 

mycosis  of  477 

parasites  of  479 

syphilis  of  476 

tuberculosis  of  475 

tumors  of  478 
intima  in  thrombosis  253 
intraparietal  furrow  624 
intussusception  469 
inversio  vesicae  9,  519 
iron-compounds  in  blood  268 
in  liver  481 
in  lymphatic  glands 

334 
in  spleen  318 
iron  in  morbid  pigmentation  68 
Irritabilitdt  78 
ischaemia  21 

ischsemic  softening  of  brain  642,  653 
ischiatic  hernia  465 
ischiopagus  12 
island  of  Reil  624 
itch,  barber's  411 

common  413 
itch-insect  225 
Ixodes  ricinus  225 

janiceps  12 

jaundice  69,  259,  362,  512 

catarrhal  471 

from  cirrhosis  498 

malignant  490 

kakke  669 

karyokinetic  cell-division  74 

karyolytic  figures  75 

keloid  399 

Addison's  399 
cicatricial  399 

keratoma  397 

kidney,  argyrosis  of  530 
atrophy  of  525 
biliary  infilti'ation  of  530 
calcareous  deposits  in  532 
degenerations  of  534  sqq 
deposits  in  529  sqq 
development  of  516 
disorders  of  521  sqq 
embolism  of  527,  528 
fatty  536.  545 
gouty  535 

granular  526,  547  sqq 
haemoglobin  infarction  of  530 
haemorrhagic  infiltration  of  530 
hyperaemia  of  522,  533 
in  diabetes  535 
inflammations  of  538  sqq 
leukaemic  infiltration  of  530 
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kidney,  malformations  of  516  sqq 
mottled  545 
necrosis  of  535 
parasites  of  557 
pigmentary  infiltration  of  530 
structure  of  520 
surgical  554 
syphilis  of  550 
tuberculosis  of  549 
tumors  of  556 
uratic  infiltration  of  531 
uric  acid  in  531 
white  545 

labyrinth  of  kidney  520 
Laennec's  cirrhosis  498 
lateral  sclerosis  647 

lardaceous  degeneration  (see  amyloid) 
57 
kidney  537 
liver  491 
spleen  325 
large-celled  hyperplasia  of  lymphatic 

glands  340 
large  kidney  545 
laryngeal  phthisis  573 
laryngitis  570,  571,  572,  573 
larynx  569  sqq 

malformations  of  569 
stricture  of  569 
lateral  sclerosis  647 
lathyrism  648,  659 
lead,  action  on  kidney  526 

action  on  nervous  system  641,  667 
leaf -rust  220 
leiomyoma  153 
lenticular  nucleus  625,  626 

syphilide  379 
lentigo  362,  398 
leptomeningitis  652 
leprosy  392 

anaesthetic  659,  669 
bacillus  of  131,  206 
Lombardian  367 
of  larynx  574 
of  mucous  membrane  430 
leptothrix  186 
leptus  autumnalis  225 
leucin  in  acute  atrophy  of  liver  489,  490 

in  blood  259 
leucocytes,  diapedesis  of  96 

dissolve    in    infective    dis- 
eases 201 
in  granulations  1 08 
migration  of  96,  99,  108 
peripheral  disposition  of  96 
leucocythsemia  260 
leucocytosis  260 
leukaemia  52,  260,  328,  843,  844 
leukaemic  hyperplasia  of  spleen  328 
infiltration  of  kidney  530 
infiltration  of  liver  480 
infiltration  of  lung  599 
leukoderma  365 
leukomyelitis  659  • 


leukopathia  365 
leukoplakia  437 
Ley  den's  crystals  579 
lice  226 
lichen  406 

hsemorrhagicus  361 
pilaris  397 
syphiliticus  379 
urticatus  367 
lichenes  212 

lienal  leukaemia  260,  328 
ligature,  thrombosis  from  255 
ligula  nodosa  249 
lineae  albicantes  364 
lingual  psoriasis  437 
lip^mia  259 
lipofibroma  144 
lipoma  144 

of  mouth  438 
of  skin  401 
lipomatosis  50 

of  heart  279 
of  liver  478 
of  pancreas  514 
lipomyxoma  144 
liquefaction,  after  necrosis  40 
lithopaedium  6,  64 
Littre's  hernia  465 
livedo  360 

liver  Sect.  vili.  (Part  ii.) 
acute  atrophy  of  204 
amyloid  491 
anomalies  of  482 
atrophy  of  485  sqq 
cavernous  tuinor  of  150 
degeneration  of  488  sqq 
disorders  of  circulation  in  483  sqq 
enlargement  of  492 
floating  482 
gumma  of  499,  500 
hydatid  of  507 
hypertrophy  of  492 
inflammations  of  493  sqq 
leukaemic  infiltration  of  480 
metabolism  in  481 
parasites  of  507 
pigmentation  of  480 
structure  of  480 
syphilis  of  499,  500 
tuberculosis  of  501 
tumors  of  502  sqq 
wounds  of  482 
liver-fluke  237 
livor  360 
livores  21 
lobules  of  lung  584 
locomotor  ataxy  647 
Lombardian  leprosy  367 
loops  of  Henle  520 
lung,  apoplexy  of  586 

atelectasis  of  591  sqq 
cirrhosis  of  592 
collapse  of  591 
congestion  of  586 
degeneration  of  595  sqq 
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lung,  disorders  of  585,  586  sqq 
emphysema  of  593,  594 
haemorrhages  of  586 
hyperaemia  of  586 
infarction  of  589 
inflammation  of  596  sqq 
oedema  of  588 
parasites  of  618,  620 
structux'e  of  584  sqq 
syphilis  of  609,  618 
tuberculosis  of  606,  613  tqq 
tumors  of  619 
lupus  132 

erythematosus  380 
lirynx  574 
of  mouth  435 
mucous  membrane  430 
nose  567 
skin  392 
throat  446 
lymph,  changes  in  269 

functions  of  251,  269 
transudation  of  23 
lymphadenitis  336  sqq 
lymphadenoma  155,  344,  345 
lymphangiectasis  315,  396 
lymphangioma  152,  316,  438,  504 
lymphangitis  314 

in  phthisis  613 
with  chancroid  391 
lymphatic  glands  Sect.  lii.  (Part  ii.) 

glands     degenerations     330 

sqq 
glands,  inflammations  of  336 

sqq 
glands  in  leukaemia  260 
glands,  tubercle  in  122 
glands,  tumors  of  343  sqq 
lymphatics  in  brain-disease  269 
in  oedema  24 

morbid  changes  in  313  sqq 
of  lung  584 
radicles  of  269 
lymphoma  155,  338,  343 

malignant  260,  343,  344 
lymphorrhagia  31,  315,  396 
lymphorrhoea  153 
lymphsarcoma  155,  158,  344,  345 
lymph-spaces  of  brain  628 
lyssa  659 

macrocheilia  315,  437 
macrocytes  261 
macroglossia  315,  437 
madura-foot  222 
maggots  236 

in  nose  568 
maggot-worm  229 
malaria  (see  bacillus  malarias)  206 
meian^mia  in  262 
nephritis  in  643 
spleen-changes  in  331 
malformations,  artificially  produced  3,  5 
congenital  Sect.  I.  (Part 
I.) 


malformations  tissural  7,  8,  9 

of  the  brain  630  sqq 

of  the  cord  633 

of  the  heart  870  sqq 

of  the  lung  585 

of  tlie  nose  567 

of  the  organs  11 

of  the  thyroid  621 

of  the  trachea  577 

of  the   urinary  organs 

516  sqq 
of  the  vessels  286 
origin  of  2,  3,  12 
malignancy  140 

malignant    adenoma    (see    adenocarci- 
noma) 
oedema  188,  204,  206 
pustule,  390 
malpighian  bodies  of  kidney  516 

follicles,  new-formed  318 
follicles  of  spleen  317 
pyramids  of  kidney  520 
malposition  of  the  organs  11 
mal  rosso  (del  sole)  367 
malum  senile  arteriaruni  299 
marasmic  thrombosis  253 
margaric  acid  54 
margarin-crystals  54 
marginal  convolution  624 

sclerosis  of  cord  651 
marrow  in  leukaemia  260 
mason's  lung  611 
matter  or  pus  102,  108 
maw-worm  228 
measle  of  brain  663 

of  pork  243,  243 
measles  367 

meat-poisoning  206,  477 
Meckel's  diverticulum  9,  464,  465 
mediastinal  tumors  358 
medulla  oblongata  627 
medullary  cancer  173 

cancer  of  stomach  463 
leukaemia  260 
rays  of  kidney  520 
sheath  of  nerves  666 
melaena  neonatorum  458 
melanaemia  263 
melanin  67 
melanocarcinoma  173 
melanoma  162 
melanosarcoma  162 

of  liver  504 
melasma  suprarenale  565 
membranaceous  desquamation  373 
membranes  of  brain  and  cord  628 
membranous  croup  570 
meninges,  structure  of  628 
meningeal  dropsy  ex  vacuo  637 

tumors  663 
meningitis  204 

chronic  655,  656 
purulent  653 
serous  652 
tuberculous  660 
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meningocele  7,  631,  633 
meningoencephalitis  656 
meningomyelitis  656 
mentagra,  acue  405 
mental  disorders  629 
merulius  lacrimans  220 
mesarteritis  293 
mesencephalon  680 
mesoblastic  tumor  138,  142  sqq 
iiiesobronchitis  581 
mesonephron  517 
mesophlebitis  293 
metamorphosis  (see  degeneration) 
metaplasia  90 
metastases  in  cancer  174 
metencephalon  680 
methsemoglobin  259 
methgemoglobinuria  530 
metritis  204 
metrorrhagia  26 
miasmatic  disease  203 
miasmo-contagious  disease  202 
micrencephalia  633 
microbacteria  183,  185,  205 
raicrobrachius  10 
microcephalia  633 

micrococci  in  acute  yellow  atrophy  490 
(see  bacteria) 

in  arteritis  291 

in  diphtheria  444 

in  dysentery  472 

in  endocarditis  281 

in  erysipelas  375 

in  gangrene  of  skin  390 

in  hepatic  abscess  493,  494 

in  lupus  132 

in  lymphatics  269 

pathogenous  204 

in  plebitis  291 

in  purulent  effusion  354 

in  small-pox  388 

in  softening  of  thrombi  254 

in  syphilis  391 
micrococcus  184 

cyaneus  191 
diphtheriticus  185 
erysipelatis  204,  375 
luteus  184,  191,  195 
prodigiosus  191,  211 
septicus  185,  199,  204 
variolee  204 
microcytes  261 
niicrocythsemia  261 
microgyria  633 
micromelus  10 
micromyelia  633 

microparasitic  theory  of  contagium  203 
micropus  10 
microsporina  185 
micros poron  furfur  232,  413 
Miescher's  cylinders  250 
migration  of  leucocytes  96,  99,  108 
mikrosomia  6 
mildew  (vine)  320 
miliaria  crystallina  382 


miliary  aneurysms  303,  636 
syphiiide  379 
tubercle  118 
tumors  137 
milium  364,  404 

of  mouth  439 
milk-spot  of  pericardium  353 
miner's  lung  70,  600 
mitral  stenosis  283 
mixed  cancerous  tumors  176 

connective-tissue  tumors  164  sqq 
mole,  congenital  179 
fleshy  6 

hydatidiform  6 
moles  362,  398 

sarcoma  in  401 
molluscum  bodies  400 

contagiosum  400 
elephantoid  399 
fibroma  143 
monad  in  a  185 
monads  in  intestine  479 

in  lung  030 
monas  hsemorrhagicum  204 

lens  620 
monobrachius  10 
monopus  10 
monsters,  double  1,  5,  12  sqq 

double,  origin  of  5,  13 
single  1,  6  sqq 
monstrosities  by  defect  3 

by  perversion  4 
morbilli  367 
morbus  Brightii  539 

maculosus  Werlhofii  361 
morels  (mushrooms)  on  blood  263 

(mushrooms)  on  kidney  530 
mortification  (see  gangrene) 
mosquitoes  226 

hosts  of  filaria  235 
mother's  marks  398 
motor  centres  of  cerebrum  625 
mottled  kidney  545 
mould-fungi  313  sqq 

in  invertebrates  333 
in  lung  630 
in  moist  gangrene  43 
mutability  of  219 
pathology  of  331 
reproduction  of  318 
mouth  433  sqq 
movable  kidney  517 
mucoid  change  of  heart  276 

degeneration  55 
mucor  mucedo  215,  231 

mucedo,  mutability  of  319 
racemosus  219 
mucous  cysts  422 

membranes  Sect.  vi.  (Part  ll.) 
membranes,  atrophy  of  417 
membranes,     degeneration    of 

417 
membranes,  heemorrhage  from 

416 
membranes,  hypereemia  of  415 
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mucous  membranes,  hyperplasia  of  418 

membranes,  hypertrophy  418 

membranes,  inflammations  of 
419  sqq 

membranes,       structure      and 
functions  of  414 

membranes,    tubercle    of    1^4, 
428 

patch  129,  379 

tissue,  growth  of  85 
mucus-corpuscles  414 
muguet  436 

Miillerian  duct  516,  518 
multiple  neuritis,  667 

sclerosis  649,  650 
multiplication  of  cells,  causes  of  80,  81 
mummification  41 
mumps  447 
muscle,  growth  of  89 

regeneration  of  89 
mutability  of  bacteria  208  sqq 
mycelium  213 
mycetoma  223 
mycoderma  223 

vini  436 
mycomycetes  212 
mycoprotein  183,  184 
mycosis,  intestinal  206 
of  lungs  221 
microsporina  412 
myehne  666,  667 
myelitis,  purulent  654,  659 

transverse  659 
myelogenic  leukaemia  260 
myelomalacia  643 
myelomeningocele  632 
myeloid  cancer  173 

sarcoma  159 
myocarditis  280  sqq 
myoma  153 
myomalacia  cordis  277 
myosarcoma  153 
myxoma  143 

of  skin  401 
myxoedema  623  a 
myxofibroma  143 
myxolipoma  143 
myxomycetes  212 
myxosarcoma  163 

nsevi 149 

nsevus  pigmentosus  362,  398 

nails,  disorders  of  407,  408 

nanosomia  6 

nasal  cavities,  disorders  of  567 

polypi  568 
neck  of  hernial  sac  465 
necrobiosis  of  vessels  288 
necrogenic  warts  390 
necrosis  32  sqq 

after  inflammation  100 

anfcemic  33,  40 

coagulative  35,  36 

colliquative  40 

of  lymphatic  glands  333,  337 


necrosis  of  mucous  membrane  417,  426 
of  pharynx  450 
of  skin  389 
of  vessels  288,  291 
necrosis  mycotica  typhosa  572 
necrotic  inflammation  103 
nematoda  227  sqq 
nephritis  538  sqq 
nephrolithiasis  532 
nerves,  atrophy  of  667 

inflammations  of  669 
regeneration  of  668 
severed  668 
structure  of  666 
tumors  of  S70 
nerve-tissue,  growth  of  89 

regeneration  of  89,  668 
nervous  disease,  causes  of  629 
neurofibroma  399,  670 
neuritis  667,  669 

migrans  669 
neuroglia,  growth  of  85 

structure  of  625,  626;  639 
neuro-keratin  689 
neuroma  154,  670 
neuromata,  amputational  154,  668 
false  399 
ganglionic  670 
medullary  633 
papillary  399 
neuropathic  papilloma  397 

theories  of  inflammation  94 
neurotization  668 
new  blood-vessels,  growth  of  86 

blood-vessels  in  granulations  109 
'nightingale'  (two-headed)  14 
nitrite  of  a:nyl  on  blood  263 
nitrobenzol  on  blood  263 
node,  syphilitic  130 

of  Ranvier  666 
nodular  tumor  137 
noma  434 

non -pathogenous  bacteria  197 
nose,  disorders  of  567,  568 
nosema  bombycis  204 
nuclear  figures  74,  75 
nucleated  red  corpuscles  260,  261 
nucleolus  (nuclear  or  nucleolar  corpus. 

cle)  74 
nucleus-division  74 
nucleus,  structure  of  74 
nuclei  of  cerebrum  625 

of  cranial  nerves  627 
of  medulla  627 
nutmeg-liver  483,  487 

obesity  50 

of  heart  279 

obliterating  thrombus  253 

obturator  hernia  465 

occipital  furrow  634 

occlusion  of  lymphatics  315 
of  vessels  307 
of  vessels  in  liver  484 

odontoma  441 
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oedema  23 

cachectic  25 

hydraeinic  25 

inflammatory  25,  102 

malignant  206 

purulent  103 

varieties  of  24 

of  brain  637,  653 

of  glottis  571 

of  lung  587,  588 

of  skin  360 
oedema-bacilli  206 

transmutation  of  211 
oesophagus  449  sqq 
oestrida  226 
oiCdium  214,  220,  222 

albicans  436 

identical  with  mycoderma  324 
oil-drops  in  fatty  degeneration  51 
oligeemia  21,  258 
oligocyihsemia  2")8,  261 
olivary  nuclei  627 
omentum,  hernia  of  465  sqq 

tuberculosis  of  356 
omphalopagi  12 
ondontoma  147 
onyohogryphosis  222,  408 

favosa  410 
tonsurans  411 
oogonium  218 
oosphere  218 
oospore  218 
optic  thalamus  627 
'  organization '  86 

of  thrombi  255 
organoid  tumor  138 
osteoblasts  b8 
osteoclasts  115 
osteoid  chondroma  165 
osteoma  147 

dental  441 
osteophyte  147 
osteosarcoma  165 
ostia,  defects  at  270 
ovigenous  organ  in  ta3nia  241 
oxalic  acid  calculi  532,  560 
oxyuris  vex'micularis  229,  479 
ozaena  567 

pacchionian  bodies  628 
pachydermatocele  399,  670 
pachydermia  395 
liachymeningitis  664 
packing-cells  216   • 
palate,  soft  442 
panaritium  390 
pancreas  513  sqq 
panneuritis  epidemica  669 
panophthalmitis  causing  meningitis  653 
papillae  of  kidney  520 
papilloma  137 

of  bronchi  582 

of  larynx  575 

of  mucous  membrane  422, 
446 


papilloma  of  stomach  455,  456 
papillomata,  inflammatory  394 

neuropathic  397 
papulae  366 
papular  syphilid e  379 
paracentral  lobide  624 
paraglobulin  252 
parallel  furrow  624 

paralysis  of   the  insane  (paralytic   de- 
mentia) 648,    656,  657 
paramoecium  coli  250,  479 
parasites  Sect,  vii.  (Patt  i.) 
animal  225  sqq 
in  blood  265 
vegetable  183  sqq 
of  heart  285 
of  intestine  479 
of  kidney  557 
of  larynx  575 
of  lung  620 
of  liver  507 
of  mouth  430 
of  skin  400  sqq 
parasitic  twin  13 
parchment  skin  364 
parenchymatous  inflammation  101 

nephritis  539,  544  sqq 
parietal  lobe  624 

thz-ombus  253 
paronychia  390,  408 
parostoses  147 
parotitis,  epidemic  447 
paroxysmal  haemoglobinuria  262,  530 
parulis  434,  440 

Pasteur's  septicaemia  188,  204,  206 
pathogenous  bacteria  195,  196,  198,  210 

sqq 
pearls,  epidermal  172,  398,  663 
pearly  disease  (bovine)  127,  206 

tumor  161,  663 
pebrine  204 
pediculi  226 
peliosis  rheumatica  361 
pellagra  367,  648 
pelvis  of  kidney  520 
pemphigus  384 

syphiliticus  386 
penicillium  glaucum  217 
pentastoma  constrictum  225 
denticulatum  225 
denticulatum     in    kidney 

557 
denticulatum  in  lung  620 
in  liver  507 
in  spleen  329 
in  tseniodes  225 
perforating  ulcer  of  stomach  459 

uioer  of  duodenum  471 
perforation  of  intestine  468 

of  oesophagus  449,  451 
of  stomach  460 
of  trachea  577 
of  valves  282 
periarteritis  293 

causing  aneurysm  802 
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peribronchitis  581 
pericarditis  353,  353,  854 

tuberculous  357 
pericardium,  development  of  348 
perichondritis,  laryngeal  576 
pericystitis  561 
periencephalitis,  chronic  656 
perihepatitis,  syphilitic  500 
perilymphangitis  314 
perineal  hernia  465 
perinephritic  abscess  543,  554 
perineurium  666 
periostitis,  infective  204 
peripheral  disposition  of  leucocytes  96 
nerves  in  tabes  dorsalis  648 
nervous    system    Sect.   xii. 
(Part  II,) 
periphlebitis  293 
periproctitis  471 
perisplenitis  331 
perithecium  216 
peritoneal  absorption  349 

fascia  of  hernia  465 
peritoneum,  development  of  348 
peritonitis  3o2,  353,  354 

deformans  353.  454 
tuberculous  357 
perityphlitis  471 
peruiones  367,  389 
perobrachius  10 
perochirus  10 
perodactylus  10,  18 
peromelus  10 
peronospora  infestans  220 
petalobacterium  185 
petalococcus  185 
petechias  26,  361 
petrification  64 
Peyer's  patches  346 

patches  in  typhoid  474 
pharyngitis  442 
pharyngocele  449 
pharynx  449  sqq 
phlebitis  291.  293 
phleboliths  254,  306 
phlegmon  laryngis  571 
phlegmonous  inflammation  of  larynx 
571 
inflammation  of  mucous 

membranes  427 
inflammation  of  nose  567 
inflammation  of  oesoph- 
agus 450 
inflammation  of  skin  390 
inflammation  of  stomach 

457 
inflammation   of    throat 
445 
phlyctsenoses  368 
phocomelus  10 
phosphatic  calculi  533,  560 
phosphorus,  causing  fatty  change  52 

poisoning  434,  490 
phthisical  sputum,  inhalation  of  601 
phthisis,  bacilli  in  sputum  of  206 


phthisis,  minute  aneurysms  in  303,  304 
pulmonary  614 
tuberculous    pleurisy  in  356, 

357,  613 
tuberculous     612,     613,    614, 
615 

phycomyces  215 

phycomycetes  213 

pia  mater  628 

mater  pigmentation  of  638 

pigment  in  blood  265  sqq 

in  brown  atrophy  273 

in  lymphatic  glands  334,  835 

pigmentary  atrophy  45 

atrophy  of  liver  486 
infiltration  of  kidney  530 
infiltration  of  liver  480 
induration  of  stomach  456 

pigmentation  of  skin  362 

pigments,  hsematogenous  68 
normal  67 

pigment-spots,  congenital  179 

piles  149,  306 

pineal  body  665 

pits  of  small-pox  374,  387 

pituitary  body  665 

pityriasis  222 

rosea  412 
rubra  374,  377 
tabescentium  364,  403 
versicolor  412 

plagues  203 

plaques  opalines  435,  437 

plastic  bronchitis  579 

pleomorphism  in  fungi  218 

plethora  258 

pleura,  development  of  348 

pleurisy  352,  353,  354 

tuberculous  357 

pleuro-pneumonia  of  cattle  605,  608 

plexiform  neurofibroma  670 
angiosarcoma  161 

pneumonia,  catarrhal  204 

croupous  204,  602 
croupous  micrococci  in  603 
dissecting  608 
forms  of  602  sqq 
hypostatic  589 
nephritis  in  542 
pleurogenous  599,  608 

pneumonococcus  602 

pneumonoconiosis  600 

pneumonomycosis  620 

pneumothorax  609,  616 

poikilocytosis  261 

polioencephalitis,  acute  659 

poliomyelitis  anterior  640,  659 

poliosis  365 

polUnodium  216 

poly^mia  258 

polymelia  15 

polymorphism  in  fungi  212,  218 

polyneuritis  669 

polyposis  ventriculi  456 

polypous  growths  of  intestine  470,  478' 
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polypous  growths    of    mucous    mem- 
brane 418 
growths  of  larynx  575 
growths  of  nose  568 
growths  of  stomach  455,  456 
tumor  137 
polypus  of  heart  253,  277 
of  larynx  575 
of  nose  568 
polytrichia  408 
polyuria  in  nephritis  539 
pons  Varolii  627 
popliteal  aneurysm  303 
porencephalia  (porencephalus)  630 
porrigo  decalvaiis  407 
portal  system  of  kidney  520 
vein,  closure  of  484 
vein,  engorgement  of  497 
post-mortem  clots  253 

mortem  staining  21 
potassium  chlorate  on  blood  262 

chlorate  on  kidney  530 
potato-disease  220 
prsecentral  furrow  624 
prsecuneus  624 
primary  sclerosis  of  cord  647,  648 

thrombus  253 
primordial  kidneys  516 
proctitis  471 
proglottis  240 
progressive  paralysis  of  the  insane  648, 

656 
projective  system  of  brain  625 
prolapse  464 

of  bladder  563 
of  bowel  (anus)  469 
of  the  tongue  437 
proliferation,  cell-processes  in  73 

factors  of  80,  81 
proscolices  240 
prosencephalon  630 
prostate,  enlarged  564 
prostatic  concretions  61 
protection  by  inoculation  201 
protophyta  223 
protozoa  250 
prurigo  377 

psammoma  163,  663,  664,  665 
pseudo-diphtlierids  424 
pseudoleukeemia  260,  261,  328,  344 
pseudo-parenchyma  216 
psoriasis  376 

syphilitic  379,  435,  437 
psorospermia  250 

in  lung  620 
psychical  functions  of  brain  625 
puerperal  peritonitis  304 
pulex  irritans  226 

penetrans  226 
pulmonary  vessels  584 
oedema  588 
puriform  softening  of  thrombi  254 
purpura,  blood-changes  in  261,  268 
hsemorrhagica  361 
papulosa  361 


purpura  rheumatica  361 

scorbutica  361 

senilis  361 

simplex  361 

variolosa  361,  387 
purulent  arteritis  291 

catarrh  102,  204,  420 

encephalitis  654 

exudation  102 

hepatitis  493 

meningitis  653 

myelitis  654 

myocarditis  284 

oedema  102 

phlebitis  291 
pus,  origin  of  99,  102,  107,  108,  112 
pustute  368,  372 
pustulation  372,  388 
pustule,  malignant  390 
putrefaction  in  moist  gangrene  42 
putrefactive  diseases  204 
putrid  decomposition  191,  192,  197 

exudation  102 
pyaemia  204 

spleen-change  in  320,  322 
from  thrombosis  291 
pyeUtis  553,  554,  555 

micrococci  in  204 
pyelonephritis  554 
pygopagus 14 
pylephlebitis  484 
pylorus,  stenosis  of  453,  454,  4.60 
pyonephrosis  554 
pyopneumothorax  616 
pyramidal  tracts  626 
pyrexia,  kidney  in  525 
pyrogallic  acid  on  blood  263 

quinine-rash  367 

racemose  aneurysm  289,  301 
Eainey's  corpuscles  250 
ranula  439,  448 

pancreatic  514 
rash  from  medicaments  367 
from  specific  fevers  357 
ray-fungus  436 
re- absorption  104 

imperfect  112 
recovery  after  inflammation  104 
rectum,  (see  intestine) 

syphilitic  disease  of  476 
red  atrophy  of  liver,  acute  489 
atrophy  of  liver,  central  483 
corpuscles,  genesis  of  261,  318 
corpuscles,  destruction  of  263,  368, 

318 
corpuscles,  nucleated  260,  261 
nucleus  627 
softening  of  brain  642 
softening  of  thrombi  254 
regeneration  after  inflammation  104 
after  necrosis  34 
cell-pi*ocesses  in  73  sqq 
of  nerves  668 
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regurgitation  279,  283 

Reil,  island  of  624 

relapsing  fever,  spirillum  of  (see  spiro- 

chaeta  Obermeyeri)  207 
renal  calculi  531 

circulation  521 

cirrhosis  539,  547  sqq 

cysts  551 

disease  521  sqq 

disease  and  cardiac  hypertrophy 

279 
parasites  557 
syphilis  550 
tuberculosis  549 
tumors  556 
renculi  517 
respiratory  organs  Sect.  x.  (Part  n.) 

bronchiole  584 
resting-spore  215 
retention,  cysts  of  71 
reticular  induration  of  lymphatic  glands 

341 
retroperitoneal  hernia  467 
Keverdin's  skin-grafting  84 
rhabdomyoma  153 
rhachischisis  630 
rhagades  373 

rheumatic  endocarditis  281 
rhinitis  567 
rhinoliths  568 
rhinophyma  400 
rhizopoda  250 

rliythmic  contraction  of  spleen  318 
rice-water  stools  473 
rigor  caloris  in  bacteria  189 
frigoris  in  bacteria  189 
ringworm  222 

common  411 
crusted  410 
rodent  ulcer  403 
roestelia  cancellata  220 
rolandian  fissure  624 
roseola  360,  367 

furfuracea  herpetiformis  412 
rostellum  of  taenia  241 
'rot' in  sheep  237 
round-celled  sarcoma  158 
round  ulcer  of  duodenum  471 

ulcer  of  stomach  459 
round-worm  228 

in  kidney  557 
in  larynx  575 
rubeola  367 

rupia  syphilitica  386,  391 
rupture  of  blood  563 

of  heart  258,  274,  277 
of  oesophagus  449 
of  spleen  320,  826 
of  vessels  308 
(hernia)  465 

saccharomyces  223 

albicans  436 
albicans  in  nose  568 

sac  of  hernia  465 


sacculated  aneurysm  301 
sago-spleen  57,  325 
saliva,  causing  septicaemia  204 
salivary  calculus  448 
fistula  448 
glands  447,  448 
sanious  exudation  102 
saprophytes  221 

in  mouth  436 
in  lung  620 
sarcina  184,  185.  204 

in  lung  620 
sarcoma  156  sqq 

alveolar  161 
myeloid  159 
myxomatodes  163 
peculiar  161 
round-celled  158 
spindle-celled  160 
varieties  of  157 
(see  tumors)  of  liver  504 
of  lymphatic  glands  356 
of  mouth  438 
of  skin  401 
sarcophagus  crystals  533 
sarcoptes  225 
scabies  413 
scabs  373 
scales  373 

scar,  syphilitic  of  liver  499 
scarlatina  367 

laryngitis  in  572 
micrococci  in  204 
nephritis  in  540,  542,  543 
schistomycetes  183  sqq 
schistoprosopia  8 
schizomycetes  183  sqq,  212 
Schneeberg  miners'  disease  of  lung  619 
scirrhous  cancer  173 
scirihus  of  stomach  462 
sclerema  neonatorum  396 
scleroderma  396 

sclerosis  (fibrous  hyperplasia)  82,    111, 
129 
marginal  651 
multiple  549,  650 
posterior  647,  648 
primary  647,  048 
secondary  040,  646 
of  cord,  646,  647,  649,  650,  651 
of  heart  277,  284 
of  kidney  526 
of  nerve-tissues  639 
of  vessels  293,  297 
of  vessels  causing  aneurysm 
302 
sclerotium  217 
scolecida  227  sqq 
scolex  242 
scrofula  127 

scrofulous  lymphadenitis  339 
pneumonia  618 
ulcer  391 
scurvy  861 

blood-changes  in  261 
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scutula  of  favus  410 
scybala  471 
seat-worm  229 
sebaceous  cysts  404 

disorders  403  sqq 
wart  400 
seborrhoea  403 
secondary  thrombus  253 
senile  atlieroma  299 

atrophy  of  brain  640 
atrophy  of  skin  364 
kidney  526 
retrogression  45 
sensory-motor  zone  625 
sepsin  191,  197 

septa  of  the  heart,  anomalies  of  270 
septicaemia,  Davaine's  204 
from  saliva  204 
of  mice  201,  204 
micrococci  in  204 
Pasteur's  188,  204,  206 
septic  poison  191,  197 
pneumonia  605 
sequestrum  115 
serous  catarrh  102 

cavities,  development  of  348 
cysts  358 
exudation  102 

membranes,  Sect.  IV.  (Part  il.) 
membranes,  effusion  from  330 
membranes,  hypersemia  of  349 
membranes,  inflammations  of  351 
membranes,  parasites  of  358 
membranes,  tuberculosis  in  355, 

356 
membranes,  tumors  of  358 
serpent-venom  on  blood  262 
sheath  of  Schwann  666 
shellac-concretion  in  intestine  479 
shingles  383 
Siamese  twins  12 
siderosis  268,  600 
siliquose  desquamation  373 
silk-worm-diseases  204 
silver-staining  70 
simple  atrophy  of  liver  485 

cancer  173 
siren-monster  10 
situs  transversus  (heart)  272 
transversus  (inversus)  il 
transversus  (liver)  482 
skin,  atrophy  of  3(53  sqq 
discoloration  of  362 
diseases  of  Sect.  v.  (Part  n.) 
functions  of  359 
hypersemia  of  360 
hyperplasia  of  393,  397 
inflammations  of  366  sqq 
inflammatory  hypertrophy  of  893 

sqq 
parasites  of  409  sqq 
tumors  of  399  sqq 
ulcers  of  391 
skin-diseases,  classification  of  359 
fungi  in  222 


skin-grafting  84 
slough  115 

small-pox  361,  372,  374,  387 
laryngitis  in  572 
micrococci  in  204 
softening  40 

of  brain  639,  642 
of  heart  277 
of  oesophagus  449 
of  stomach  453 
of  thrombus  254,257 
soil,  anthrax-spores  in  206 

bacteria  in  193 
somatic  death  32 
spasm  of  oesophagus  449 
'  specific  inflammations  '  117 
nature  of  tissues  77 
spermatozoid  218 
sphacelus  42 
sphserobacteria  184 
spina  bifida  7,  632 
ventosa  135 
spinal  cord  (see  cord),  structure  of  626 

paralysis,  anterior,  659 
spirillum  of  relapsing  fever  (see  spiro- 
chaeta  Obermeyeri)  207 
tenue  187 
undula  187 
volutans  185,  187 
spirobacteria  184,  187,  207 
spirochaeta  denticola  187 

Obermeyeri  185,  187,  207 
spleen,  changes  in  Sect.  lii.  (Part  ll.) 
congestion  of  319 
degenerations  325 
engorgement  of  383 
enlargement  of  331,  323,  337  etc 
granulomata  of  327 
hyperplasia  of  328 
inflammation  of  330 
in  leukaemia  260,  328,  329 
rupture  of  320,  336 
structure  and  functions  317,  318 
suppuration  of  323 
tumors  of  329 
splenic  abscess  322 
spleniculus  317 
splenization  of  lung  589 
splenitis  320 
sporangia  214,  215 
sporangiophore  215 
spores  of  mould-fungi  213 
sporozoa  250 
spurious  aneurysm  308 
sputum  of  pneumonia  602 

of  phthisis  613 
squamae  368 

squamous  epithelial  cancer  173 
staining,  post-mortem  21 
stai'vatiOn,  liver  in  485 
stasis  (as  a  cause  of  necrosis)  33 
steatoma  404 
steatorrhoea  403 
steel-dust  in  blood  265,  268 
stellate  veins  of  kidney  520 
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stenosis  of  the  great  vessels  271,  279 
of  the  bronchi  580 
of  the  intestine  468 
of  the  larynx  569 
of  the  oesophagus  449 
of  the  ostia  venosa  270,  282 
of  the  pylorus  453,  454 
of  the  trachea  577 
sterigma  216 
sternopagi  12 
St.  Gothard  tunnel,    anchylostoma  in 

231 
stigmata  27,  97 
stimuli,  action  of,  on  cells  79 
stomach,  452  sqq 

anomalies  of  454 
cancer  of  461 
corrosion  of  457 
dilatation  of  453,  454 
erosion  of  458 
fermentation  in  453 
fungi  in  221 
haemorrhage  of  458 
hypertrophy  and  atrophy  of 

455 
induration  of  456 
inflammations  of  456,  457 
polypi  of  455,  456 
softening  of  453 
tumors  of  461 
ulcer  of  456,  459 
stomata  27,  97 

of  serous  surfaces  348 
stomatitis  433 
stomoxys  calci  trans  226 
stone  560 
storage-fat  53 
strangulation  of  hernia  466 
streptobacteria  185 
streptococci  185 
stricture  of  larynx  569 

of  oesophagus  449 
of  pylorus  453,  454 
of  trachea  577 

of   urethra    519    (congenital), 
564 
strongylus  duodenalis  231 

longevaginatus  (bronchialis) 
231,  6:^0 
struma  (goitre)  621 
strumas  lipomatodes  556 

lipomatosae  suprarenales  565 
strumitis  623 

strumous  inflammations  204 
subarachnoid  628 
subcutaneous  emphysema  593 
subthalamic  region  627 
suctorial  worms  236 
sudamina  382 
sugillations  26 
sulphindigotate  of  sodium,  excretion  of 

520 
sulphuretted  hydrogen  poisoning  259 
sulphuric  acid  on  blood  262 
sua-burn  362 


sun-spots  362 

sun-stroke,  anhydrsemia  in  258 

supernumerary  bones  and  muscles  16 

raammge  16 
suppurating  bubo  337 
suppuration  (see  pus)  112 
of  kidney  543 
of  liver  493  sqq 
of  lung  598,  603 
of  lymphatic  glands  337 
of  mouth  434 
pancreas  515 
spleen  322 
*  suppuration  of  tiie  blood  '  260 
suppurative  nephritis  543 
suprarenals  in  Addison's   disease  362 
565 
disorders  of  565 
surgical  kidney  554,  561 
suture  of  nerves  668 
sweat-glands,  adenoma  of  402 
sycosis  nonparasitaria  405 
pai-asitaria  405,  411 
sylvian  fissure  624 
symptomatic  anthrax  206 

skin-diseases  859 
sympus  10 
syncephalus  12 
syndactylus  10 
synophthalmia  7,  630 
synotia  8 
syphilides,  papular  379,  391 

pustular  380 
syphilis  128  sqq 

micrococci  in  206 
of  brain  661 
of  bronclii  579 
of  cord  601 
of  intestine  476 
of  larynx  574 
of  kidney  550 
of  moutli  435 

of  mucous  membranes  429 
of  throat  446 
of  trachea  578 
syphilitic  arteritis  295 
bubo  342.  391 
chancre  391 

enlargement  of  spleen  327 
hepatitis  499,  500 
laryngitis  574 
origin  of  tabes  dorsalis  648 
pneumonia  607 
teeth  441 
tracheitis  578 
syphiloma  of  heart  285 
of  liver  500 
syringomyelia  637 
systemic  degeneration  of  cord  646,  648 

tabanida  226 

taenia  cucumerina  244.  479 

echinococcus  245 

elliptica  244 
.    malformations  of  243,  244 
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taenia  mediocanellata  244,  479 
nana  244,  479 
saginata  244,  479 
solium  241,  479 
tabes  dorsalis  647 
tape-worms  240  sqq 
tarichium  megaspermum  222 
tartar  of  teeth  440 
tatooing  70,  334,  362 
taurocfiolic  acid  481 
teeth,  changes  in  440 

syphilitic  441 
tegmental  region  626,  627 
radiations  627 
telsB  choroidege  628 
telangiectasis  152,  305 
temperature,  effect  on  bacteria  189 
effect  on  moulds  219 
temporal  furrows  624 
teratoid  tumors  358 
teratoma  13,  178.  179 
textural  changes  in  inflammation  99 

changes  in  inflammation,  vari- 
eties of  103 
thalamencephalon  630 
thalamus,  optic  627 
thallophytes  212 
thoracic  duct,  closure  of  315,  396 

duct,  rupture  of  31 
thoracogastroschisis  9 
thoracopagus  12 

parasiticus  13 
thread-worm  229 
throat  442 

thrombophlebitis  254,  291 
thrombosis  29,  252 

cardiac  353 
factors  in  253 
from  atheroma  300 
in  aneurysms  305 
issues  of  254,  255 
marasmic  253,  256 
of  kidney  523 
of  lymphatics  315 
thrombus  252 

calcification  of  254 
mottled  252 
organization  of  255 
red  252 

softening  of  254 
white  252 
'  thrush '  224,  433,  436,  449,  479 
thymus  gland  633  h 

gland,  atrophy  of  331 
gland,        lymphadenoma       of 
345 
thyreocele  621 
thyroid  gland  621  sqq 
thyroiditis  623 

Tierra  del  Fuego,  natives  of  473 
tight-lacing  482 
tinea  222 

favosa  410 
f urfuracea  403 
sycosis  41 1 
25 


tinea  tonsurans  411 
versicolor  413 
tipulida  226 
tonsils  442  sqq 
torula  223 
trabecular    induration    of    lymphatic 

glands  341 
trachea,  disorders  of  577 
tracheitis  578 

tracheotomy-granulations  578 
tracts  of  cord,  degeneration  of  646 
transverse-frontal  furrow  624 
transverse  myelitis  659 
trematoda  236 
tricephali  16 

trichina  spiralis  332,  233,  479 
trichinae  in  blood  265 
in  larynx  575 
in  peritoneum  358 
trichocephalus  dispar  230,  479 
trichomonas  250 
trichophyton  tonsurans  332,  411 
triple-phosphate  531,  560 
triplets,  homologous  16 
tropical  abscess  of  liver  493 
tube-casts  533,  533 
tuberaceas  316 
tubercle  188  sqq 

clinical  characters  of  135 
crude  131 
definition  of  118 
inoculability  of  135 
miliary  118 
of  heart  885 
of  liver  501 
of  SDleen  337 

in  blood-vessels  334,  264,  396 
tubercula  366,  368 

tuberculosis  (see  bacillus  tuberculosis) 
188  sqq 
acute  miliary  133 
bacillus  of   120,   127,  186, 

206 
diffusion  of  121,  122,  124 
in  lung  606,  612,  618 
in  sputum  613 
of  brain  660 
of  bronchi  579 
of  intestine  475 
of  bladder  561 
of  kidney  549 
of  larynx  573 
of  liver  501 
of  lung  606,  613,  613 
of  lymphatic  glands  133 
of  meninges  660 
of  mouth  425 
of  mucous  membranes  124, 

428 
of  nose  567 
of  pancreas  515 
of  serous  membranes  355 
of  throat  446 
of  thyroid  623 
of  trachea  578 
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tuberculosis,  transmissibility  of  125 
tuberculous  inflammation  of  vessels  296 
inflammation  of  lymphat- 
ics 314 
lymphadenitis  342 
meningitis  660 
myelitis  660 
ulcer  391 
tuberous  tumor  137 
tubules  of  kidney  520 
tumor-cells  in  blood-vessels  264,  312 

cells  in  lymphatics  316 
tumors  Sect.  vi.  (Part  i.) 
etiology  of  177  sqq 
cachexia  of  141 
Cohnheim's  theory  of  177 
congenital  178 
definition  of  136 
grovrth  of  139 
malignancy  of  140 
metastasis  of  140 
of  bronchi  583,  619 
of  lieart  285 
of  intestine  478 
of  kidney  556 
of  larynx  575 
of  liver  502  sqq 
of  lung  619 

of  lympliatic  glands  343 
of  mouth  438 

of  mucous  membranes  431 
of  nose  568 
'  of  oesophagus  451 

of  pancreas  515 
of  salivary  glands  448 
of  serous  membranes  358 
of  spleen  329 
of  stomach  461 
of  trachea  578 
of  tliymus  623  h 
of  thyroid  622 
varieties  of  form  in  137 
vascular  312,  504 
Tiirck,  columns  of  626 
twins,  homologous  12 
tylomata  394 
typhlitis  471 
typhoid  fever  474 

fever,  bacilli  in  206 
fever,  brain  in  637 
fever,  laryngitis  in  572 
fever,  nephritis  in  541 
ulcer  474 
tyi'osin  in  acute  atrophy  of  liver  489, 
490 
in  blood  259 
tyrosis  39 

ulcer  102,  115,  116 
cancerous  175 
follicular  421,  470 
rodent  402 

tuberculous  121  sqq,  428,  475 
typhoid  474 
of  the  bronchi  582 


ulcer  of  the  duodenum  471 
of  the  intestine  470 
of  the  pharynx  450 
of  the  skin  "391 
of  the  stomach  456,  459 
ulcerative  endocarditis  282 

stomatitis  434 
umbilical  cord,  withering  of  41 

hernia  465 
umbilication  in  cancer  175 

of  pustules  388 
uncinate  gyrus  624 
imion  of  nerves  668 
urachus  516 
uraemia  259,  539 
uratic  concretions  560 

concretions,  structure  of  531 
infiltration  of  kidney  531 
urea,  excretion  of  520 
ureter,  development  of  516 

malformations  of  517 
urethra,  disorders  of  564 
urethral  caruncle  564 
uric  acid  in  gout  259 

acid  in  kidney  531 
urinary  organs  Sect.  ix.  (Part  ll.) 

fistula  563,  564 
urine,  foreign  matters  in  558,  559 
urobilin  268 
urobilinuria  68 

after  haemorrhage  349 
urogenital  cloaca  516 
urticaa  366 

urticaria  simplex  367 
tuberosa  367 
uterine  fibroid  142,  153 

vaccination  201 

in  anthrax  201 

vaccinia  388 

micrococci  in  204 
vagus-pneumonia  601 
valgus  (pes)  11 
valves,  deformity  of  271 
valvular  aneurysm  282 
thrombus  253 
vegetations  280 
varicella  388 
varicocele  151,  306 
varicose  aneurysm  310 

atrophy  of  liver  483 
ulcer  306,  391 
ulcer  of  oesophagus  450 
variola  387 

haemorrhagica  361,  387 
micrococci  in  204 
pustule  of  372 
varix  306 

anastomotic  151 
aneurysmal  301,  311 
false  308 
of  brain  663 
urethral  564 
varus  (pes) 11 
vasa  vasorum  in  organization  255 
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vascularization  of  thrombi  255 
vascular  mechanism,  Sect.  ii.  (Part  li.) 

neoplasms  313,  504 
vegetative  endocarditis  280,  281 
vein-stones  254,  306 
venereal  warts  394 
venom  of  serpents  on  blood  262 
venous  engorgement  of  liver  483 

engorgement  of  spleen  323 
trunks,  defects  of  271 
ventral  hernia  465 

vermiforna  appendage,  inflammation  of 
471 
appendage,  cyst  of  471 
verrucEe  (see  warts) 
vesical  calculi  560 

hgemorrlioids  561 
vesicles  366,  370,  371 
vesiculaB  368 

vesicular  emphysema  593,  594 
vessels,  air  in  265,  266 

changes  in  calibre  of  301 
degeneration  of  287 
dilated  in  inflamiiiation  96 
hypertrophy  of  289 
hypoplasia  of  272,  286 
infiammations  of  290 
rupture  of  308 
size  of  286 
wounds  of  256 
vessel-walls  in  inflammation  97,  98 
vibices  361 
vibrio  186 

serpens  185 
vibrion  butyrique  186 
villous  tumor  of  bladder  562 
virus,  attenuation  of  201,  211 

of  tubercle  126,  127 
viscera,  transposition  of  11 
visual  centres  625 
visual  tract,  atrophy  of  640 
vitelligenous  organ  in  taenia  241 
vitiligo  365 

vitreous  degeneration  63 
volvulus  of  intestine  467 
vomica,  bronchiectatic  583 
phthisical  616 

warts,  congenital  156,  179 


warts,  hyperplastic  398 
inflammatory  394 
necrogenic  390 
sebaceous  400 
venereal  394 
warty  endocarditis  280 
water  canker  434 
waxy  casts  533 

degeneration  38 
degeneration  of  heart  284 
liver  57 
wens  399,  404 
wheals  366 
whip- worm  230 
white  blood  260 

haemorrhage  260 
kidney  536,  537 
pneumonia  607 
softening  642 
whitlow  390 
Wirsung,  canal  of  513 
witches'-brooms  220 
wolffian  bodies  516 
ducts  516 
wood-tick  225 
woolsorters'  disease  206 
worms  227  sqq 
wound  infection  204 
wounds,  healing  of  107 

of  blood-vessels  256 
of  brain  658 

xanthelasma  401 
xanthine  calculi  532,  560 
xanthoma  401 
xeroderma  364 
xiphopagi 12 

yeast-fungi  223,  224 

in  urine  559 

yellow  atrophy  of  liver  489,  490 
softening  of  brain  642 
softening  of  thrombi  254 

zona  371,  383 
zoogloea  184 
zoster,  herpes  371,  383 
zygospore  213,  215 


